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Introduction:  Extended-spectrum beta-lactamase (ESBL)  producing  bacteria  are  infrequent  pathogens  of

urinary  tract infections in children.  The objective of our study was to investigate  the  presence, clinically

associated  characteristics  and risk  factors for  acquisition  of urinary  tract infection/acute  pyelonephritis

(UTI/APN)  in hospitalised  children  <2 years  old caused  by community-acquired  ESBL.

Methods: A  case-control  study  in  a second  level  community hospital  in Spain,  in which  537  episodes

of UTI/APN  were  investigated  in a retrospective  study  between  November  2005 and August 2014.  Cases

were patients  with  ESBL  strains.  For  each case,  four  ESBL-negative  controls  were selected.  A  questionnaire

with  the  variables of interest  was completed for  every patient,  and the  groups  were  compared.

Results:  ESBL-positive  strains  were found in  19  (3.5%)  cultures.  Of  these  16 (84%) were Escherichia  coli.

Vesicoureteral reflux (VUR) of any grade  was  more frequent  in the ESBL  group  (60 vs. 29%), although

without  statistical  significance.  Relapses  were  more  frequent  in the  ESBL  group (42% vs. 18%) (p  = 0.029;

OR =  3.2; 95% CI:  1.09–9.5).  The  prevalence  of UTI/APN due to ESBL-positive strains  increased slightly from

2.7%  in the  period 2005–2009  to 4.4%  in  the  period  2010–2014.

Conclusions: ESBL  UTI/APN were  associated  with more  frequent  relapses. VUR  of  any  grade  was twice

more frequent  in the  ESBL  group.  Piperacillin/tazobactam,  fosfomycin and  meropenem  showed  an  excel-

lent  activity.  Aminoglycosides  may  be  a  therapeutic  option, and  in our patients gentamicin  was the

antibiotic most  used.

© 2016  Elsevier España,  S.L.U. and Sociedad Española  de  Enfermedades Infecciosas  y Microbiologı́a

Clı́nica.  All rights  reserved.
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Introducción:  El objetivo  de  nuestro  estudio  fue  investigar  la presencia,  las características  clínicas  y  los

factores  de riesgo  para la adquisición  de  infección urinaria  febril/pielonefritis  (ITU/PNA)  de  la comunidad

por microorganismos productores de betalactamasas  de  espectro  extendido  (BLEE+)  en  niños  <  2 años

que fueron ingresados  en  el  hospital.
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Métodos:  Estudio de casos-controles en  un hospital de  segundo nivel  en  España.  Se  revisaron  de  forma

retrospectiva  537  episodios  de ITU/PNA  entre noviembre  de  2005 y  agosto  de  2014.  Los casos  fueron

las  ITU/PNA  BLEE+.  Por cada caso  se escogieron  4  controles  betalactamasas de  espectro  extendido

negativos  (BLEE−). Para cada paciente  se rellenó  un cuestionario  con las variables de  interés  y  se realizó

la comparación  entre  los grupos.

Resultados:  Se identificaron  19  casos (3,5%)  BLEE+.  De  ellos,  16 (84%) fueron  Escherichia coli. El reflujo

vesicoureteral (RVU) de  cualquier  grado  fue  más  frecuente en  el  grupo  BLEE+  (60  vs.  29%), aunque  la

diferencia  no alcanzó  significación estadística.  Las  recurrencias  fueron más frecuentes  en  el  grupo BLEE+

(42%  vs  18%) (p =  0,029;  OR =  3,2;  IC−95%: 1,09–9,5).  La prevalencia de  ITU/PNA  BLEE+  se incrementó

ligeramente  desde  el  2,7%  en  el  periodo  2005–2009 al 4,4% en  el  periodo  2010–2014.

Conclusiones:  Las ITU/PNA BLEE+  se asociaron a recurrencias  más  frecuentes.  El RVU  fue  el doble  de

frecuente  en  el  grupo  BLEE+.  Piperacilina/tazobactam,  meropenem  y  fosfomicina  mostraron  una excelente

actividad.  Los aminoglucósidos pueden ser  una  opción  terapéutica, y  en  nuestra  serie  la gentamicina fue

el  antibiótico más utilizado.

© 2016  Elsevier  España, S.L.U.  y  Sociedad  Española de  Enfermedades  Infecciosas  y Microbiologı́a Clı́nica.

Todos  los  derechos  reservados.

Introduction

Extended-spectrum beta-lactamases (ESBLs) are a group of

plasmid-encoding enzymes produced mainly by enterobacte-

ria. Their hydrolytic spectrum includes amino-, carboxy- and

ureidopenicillins; monobactams; and first-, second- and third

and fourth-generation cephalosporins1–3 with the exception of

cephamycins. They do  not hydrolyse carbapenems or combinations

of beta-lactam antibiotics with beta-lactamase inhibitors such as

clavulanic acid, tazobactam and sulbactam.4 These isolates often

carry genes that encode resistance to other antimicrobials.1,3,5

Although ESBL-producing (ESBL+) microorganisms emerged

as a cause of nosocomial infection in hospitals, community-

acquired infections (especially urinary infections) have  become

a problem with an increasing incidence in  clinical practice.1,5–12

The prevalence and distribution of ESBL+ microorganisms as a

cause of community-acquired febrile urinary tract infection/acute

pyelonephritis (UTI/APN) in  children are not well known and are

concerning due to  the resistance of these isolates to many beta-

lactam antibiotics and other antimicrobials.13 Knowledge of the

risk factors for these infections may  be useful to  identify high-

risk patients and thus administer empirical treatment that  is  more

likely to be effective.8 We did not  find any studies in Spain on the

prevalence and risk factors for UTI/APN due to ESBL+ bacteria in

children. The objective of our study was to determine the clinical

and laboratory characteristics, antibiotic sensitivity and risk fac-

tors for UTI/APN due to ESBL+ bacteria in children versus UTI/APN

caused by non-ESBL-producing (ESBL−) microorganisms.

Methods

This was a descriptive, analytical, retrospective case–control

study. The cases were the episodes of community-acquired

UTI/APN caused by ESBL+ microorganisms in previously healthy

children under 24 months of age in their first episode of hospital-

isation from November 2005 to August 2014. This age group was

chosen because it corresponds to  the majority of the episodes of

UTI/APN that were admitted during the study period and in which

admission and follow-up on an outpatient basis provided a  suitable

record of the variables of interest.

The study was conducted at Hospital Universitari Doctor Peset

in Valencia, Spain, which is  a  secondary hospital that cares for a

population of approximately 50,000 children. A  total of 636 sus-

pected episodes of UTI/APN obtained from hospital databases were

reviewed. The following were excluded from the review: recurren-

ces (only first episodes of UTI/APN were included), patients with

contaminated urine samples, those in  whom the urine culture

turned out to be negative, those in whom the antibiogram was

not available in the hospital database and the cases in which the

results of the urine culture could not be known because it had been

performed at another hospital and could not be accessed.

The diagnostic criteria for UTI  depended on the method of urine

collection according to the recommendations of the UTI  Guidelines

from the Spanish Association of Paediatrics.14,15 The collection of

urine for culture in a  collecting bag was not allowed.

Episodes of community-acquired UTI/APN were defined as those

with a positive urine culture identified in  the Emergency Unit at

the hospital or within 48 h of hospital admission. For  each case of

UTI/APN caused by ESBL+ microorganisms, 4 controls caused by

ESBL−  isolates were chosen due to  closeness in time, the 2 before

and the 2 after the case, which involved hospital admission.

Empirical treatment guided by observation of Gram-negative

bacilli in Gram staining of the urine sample was performed with

gentamicin. The identification of ESBL+ isolates and the study of

antibiotic sensitivity were performed by the Clinical Microbiology

Laboratory according to the recommendations of the Clinical and

Laboratory Standards Institute.16 The double-disk diffusion tech-

nique was used to confirm the ESBLs; in this technique, disks of

cephalosporins (cefotaxime, ceftazidime, cefuroxime) and aztre-

onam were placed around another disk of amoxicillin–clavulanic

acid. The presence of ESBL was  demonstrated by the synergistic

inhibition effect with the extension of a halo from one or several

beta-lactam antibiotics.

A  structured survey was used to collect the following variables

from the children’s medical records: sex, age, maximum inten-

sity of fever, duration of signs and symptoms prior to admission

expressed in hours, leukocyte count, neutrophil count, C-reactive

protein (CRP) values expressed in  mg/l, procalcitonin (PCT) values

expressed in ng/ml, microbiological identification of the isolate,

antibiogram, results of renal ultrasound, results of scintigraphy

with dimercaptosuccinic acid (DMSA), results of the serial mic-

turating cystourethrogram (MCUG) in the cases in which it was

performed, number of recurrences, and indication of chemopro-

phylaxis on discharge.

For the statistical analysis, the chi-squared test was  used to com-

pare proportions in  qualitative variables, Student’s t test was  used

to compare 2 parametric variables and the Mann–Whitney U test

was used to  compare 2 non-parametric variables. Statistical anal-

ysis was performed using the SPSS (v. 22) program with a licence

from the Universitat de València. Statistical significance was set at

p  ≤ 0.05.

Results

Of the 636 cases studied, 99 were excluded (Fig. 1), and so a

final population of 537 children was analysed. A total of 19 ESBL+
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Total UTI/APN episodes analysed

638 patients

99 episodes excluded

Final population studied

537 patients

Cases
19 ESBL+ patients

Controls
 76 ESBL– patients

69 recurrences

8 contaminated samples

13 negative urine cultures

9 unconfirmed samples

Fig. 1. Design of the  case–control study from 2005 to 2014.

isolates (3.5%; CI 95%: 2.1–5.5%) were identified. Among the 95

episodes studied (19 cases and 76 controls), the microorganisms

isolated were Escherichia coli in  84 cases (88.4%), Klebsiella pneu-

moniae in 4  cases (4.2%), Citrobacter spp. in  3 cases (3.3%), Proteus

mirabilis in one case (1.1%), Morganella morganii in  one case (1.1%)

and Enterobacter cloacae in one case (1.8%). Of the 19 ESBL+ iso-

lates, 16 (84.2%) were E. coli,  one (5.3%) was K.  pneumoniae, one

(5.3%) was Morganella morganii and one (5.3%) was  Citrobacter spp.

No difference in terms of frequency of isolation of Klebsiella spp.

was observed between the ESBL+ group (5%) and the ESBL− group

(4%).

The case group and the control group were comparable with

respect to distribution by  sex, age and hours elapsed from onset of

signs and symptoms to hospital admission (Table 1). There was no

difference in terms of maximum intensity of fever. No differences

were observed in terms of leukocyte count, neutrophil count or

length of hospital stay. The difference between the mean CRP value

for the cases (105 mg/l) and for the controls (76 mg/l), and between

the mean PCT value for the cases (2.6 ng/ml) and for the controls

(1.3 ng/ml), did not attain statistical significance.

The  percentage of abnormalities in renal ultrasound was 11%

among the cases and 7% among the controls. The renal scintigra-

phy with DMSA was abnormal in  54% of the cases and 45% of the

controls who underwent this test. When a  MCUG was  performed,

vesicoureteral reflux (VUR) was found in 60% of the cases and 29%

of the controls, and among them, the proportion of grade III–V VUR

was 83% among the cases and 57% among the controls. However,

none of these differences attained statistical significance. The pro-

portion of recurrences among the cases (42%) was much higher than

among the controls (18%) (p =  0.029; OR = 3.2; CI  95%: 1.1–9.5), with

2 or more recurrences in 26% in  the ESBL+ group versus 3% in the

ESBL− group (p < 0.01; OR =  13.1; CI 95%: 2.3–76.9).

All ESBL+ isolates were resistant to ampicillin, 16% were

resistant to amoxicillin–clavulanic acid, 36% were resistant to

cefoxitin, 26% were resistant to gentamicin, 32% were resistant to

tobramycin and 35% were resistant to co-trimoxazole (Table 2).

Nearly 70% of  ESBL+ isolates were sensitive to empirical treat-

ment with gentamicin. There was no resistance to fosfomycin,

piperacillin–tazobactam or meropenem. One episode of bacter-

aemia due to E. coli occurred in the ESBL+ group. No other

complications (such as nephronia/renal abscess) were recorded;

in addition, no mortality associated with the ESBL+ episodes was

recorded. There was no difference in terms of indication of chemo-

prophylaxis on hospital discharge between cases and controls. The

annual incidence of cases of UTI/APN due to ESBL+ bacteria is  shown

in Fig. 2. Grouping the years studied showed that from 2005 to

2009 the percentage of ESBL+ isolates was 2.7%, while from 2010

to 2014 it was 4.4%, although this increase did not attain statistical

significance.
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Fig. 2.  Annual incidence (% of all cases) of community-acquired UTI/APN due to

ESBL+  bacteria in children under 2 years of age hospitalised during the study period.

Discussion

Interest in  ESBL+ bacteria has been growing in  Spain in the

last 20 years. The prevalence of these bacteria in children is  not as

well known as in adults. Just one recent publication in  the Basque

Country, Spain,13 showed a  prevalence of ESBL+ E. coli carriers in

the faeces of 24% of 125 children from 8 to  16 months of  age.

The origin of these isolates could have been the abuse of antibi-

otics in humans and animals, cross-infections between humans or

transmission from contaminated pets or other animals to humans

through the food chain.17,18

In our study, ESBL+ isolates were an uncommon cause (3.5%) of

UTI/APN in  hospitalised children under 2 years of age. In Mediter-

ranean countries, a study conducted in  Greece found an incidence

of UTIs of 10.4% in children under 14 years of age19; another study

in  Israel found an incidence of UTIs of 5% in  children under 18  years

of age9; and yet another study in  Turkey, also in children, found an

incidence of 43%.20

Maximum severity of fever, duration of signs and symptoms

expressed in hours, and haematological variables, such as leukocyte

count and neutrophil count, did not differ between the 2  groups, as

in  other studies.8,9,11,20 Acute phase reactants (CRP and PCT)  were

not significantly higher in  the ESBL+ cases versus the controls; in

addition, the proportion of acute injury was  not statistically higher

in  renal scintigraphy with DMSA.

Regarding risk factors for UTI/APN, renal ultrasound was mod-

estly more abnormal in  the cases (11% vs 7%) than in the controls.

The presence of VUR of any grade was  twice as high among the

cases versus the controls (60% vs 29%). High-grade VUR (83% vs

57%) and the indication for prophylaxis (74% vs 63%) were higher

in the ESBL+ group, although not statistically significantly. Only the

higher proportion of recurrences attained statistical significance

(42% vs 18%), as in other studies in children.8,10,11,20 Four studies in

children found that anatomical and functional urinary tract abnor-

malities such as VUR were risk factors for ESBL+ infections.8,9,11,21

One study found a higher proportion of anatomical and functional

abnormalities, but not  a  higher proportion of reflux.19 Based on

all this, isolation of ESBL+ bacteria could be considered a  potential

indicator of nephro-urological abnormalities, especially high-grade

VUR.

Several studies have  identified use of cephalosporins and other

antibiotics in the previous 1–3 months as a  risk  factor,6,8–11,19,20,22

and we believe it is  important to note that the use of cephalosporins

as prophylaxis should be avoided to  prevent the selection of ESBL+

microorganisms.20 Given the retrospective nature of  our study,

prior use of antibiotics could not  be  analysed. Recent hospitalisa-

tion or underlying diseases (metabolic, onco-haematological, etc.),

identified as risk  factors in other studies,9–11,20 were not  analysed

as first episodes of hospitalisation due to  UTI/APN in previously

healthy children were included as cases.

Some studies have found a  higher relative frequency of isolation

of Klebsiella spp. in  the ESBL+ group, and it has been proposed that

identification of Klebsiella could be  a  predictor of potential ESBL+
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Table 1

Characteristics of cases and controls.

Cases, n =  19  Controls, n = 76  p

Girls (n, %) 16/19 (84%) 56/76 (78%) NS

Age (mean ± SD, months) 8.5 ± 5.8 9.0  ± 5.8 NS

Severity of fever (mean ± SD) 39.2 ± 0.7 39.1 ± 0.7 NS

Duration of signs and symptoms up to  admission (mean ± SD, hours) 36 ± 34 41  ±  44  NS

CRP (mean ± SD, mg/l) 105 ± 90 76  ±  65  NS

PCT (mean ± SD, ng/ml) 2.6 ± 2.4 1.3 ± 2.9 NS

Leukocyte count/mm3 (mean ± SD) 18,833 ± 6869 17,536 ± 7491 NS

Neutrophil count/mm3 (mean ± SD) 11,397 ± 5823 10,375 ± 6058 NS

Escherichia coli (n, %) 16/19 (84%) 68/75 (91%) NS

Klebsiella pneumoniae (n, %) 1/19 (5%) 3/75 (4%) NS

Abnormal renal ultrasound (n, %) 2/19 (11%) 5/76 (7%) NS

Abnormal scintigraphy with DMSA (n, %) 7/13 (54%) 25/56 (45%) NS

Length of hospital stay (mean ± SD,  days) 5.7 ± 2.5 4.8 ± 1.6 NS

Vesicoureteral reflux (n, %) 6/10 (60%) 7/24 (29%) NS

Vesicoureteral reflux grades iii-v (n, %) 5/6 (83%) 4/7 (57%) NS

Bilateral vesicoureteral reflux (n, %) 3/6 (50%) 4/7 (57%) NS

Recurrence (n, %) 8/19 (42%) 14/76 (18%) 0.029

Indication for prophylaxis (n, %) 14/19 (74%) 48/76 (63%) NS

SD: standard deviation; DMSA: dimercaptosuccinic acid; NS: non-significant; CRP: C-reactive protein; PCT: procalcitonin.

microorganism isolation8,9,19,22; however, this did not occur in  our

study.

ESBL+ microorganisms encode resistance to third-generation

cephalosporins, which are  the treatment of choice in  UTI/APN in

non-hospitalised children and an option for empirical treatment

in admitted children.14,15 This may  represent inappropriate antibi-

otic handling before the results of the urine culture are available.20

After empirical treatment with third-generation cephalosporins

has been started, it is  advisable to monitor the clinical response,

as an unfavourable clinical response may  be an early indicator of

an aetiology of ESBL+ bacteria.

These isolates show cross-resistance with other non-beta-

lactam antibiotics.23 Four of the 19 isolates (21%) in  our study

showed resistance to 2 or  more non-beta-lactam antibiotics. All

this tends to represent the need for hospitalisation for treatment20

and, given the profile of multi-drug resistance, treatment options

may  be limited. In our study, fosfomycin, piperacillin–tazobactam

and meropenem showed excellent activity, as in other studies.6,24

However, notably, there was a  high percentage of strains with resis-

tance and intermediate-resistance to cefoxitin; this may  have been

a sign of the presence of AmpC plasmidic cephamycinases.

There are few data in the literature to make recommendations

on the treatment of these infections in children. For  the treatment of

ESBL+ infections, Curello and MacDougall5 propose a  carbapenem

as a first option in patients with septic shock or immunocompro-

mised patients and in clinically stable patients with pyelonephritis.

To  prevent the use of carbapenems and the emergence of resistance,

Park et al.25 suggest the use of aminoglycosides, fluoroquinolones

and combinations of a beta-lactam/beta-lactamase inhibitor

(especially piperacillin/tazobactam and to  quite a lesser extent

amoxicillin/clavulanic acid due to its clearly higher proportion

of resistances) for the treatment of community-acquired acute

pyelonephritis in adults.2 In their review, they report that amino-

glycosides were the most commonly used non-carbapenem

antibiotics in patients with cases of uncomplicated pyelonephritis

who had little or  no comorbidity, and they observed no  clinical or

microbiological failures.25

The disadvantage of piperacillin/tazobactam is that, accord-

ing to its summary of product characteristics, it is  approved for

use in children over 2 years  of age26 and its usefulness may  be

affected by the inoculum effect (substantial increase in MIC  in

presence of high bacterial inocula).7 Cephamycins easily develop

resistance and are not recommended.23 The use of quinolones is

not authorised in those under 18 years of age, although they have

been used without substantial side effects in multi-drug resistant

infections.27

Therefore, aminoglycosides may  be  a  definitive empirical treat-

ment option28 in  cases of UTI/APN in  children, preferred due to

their high concentration in renal tissue and conditional on  the local

resistance profile in ESBL+ isolates and the sensitivity of  the isolate

in each case. In our series, gentamicin was the most commonly

used antibiotic as it was the empirical treatment of choice to  which

nearly 70% of ESBL+ isolates were sensitive. This could help explain

the lack of differences in  terms of injury severity in  the scintigra-

phy with DMSA, since in many cases there was no delay in  starting

effective treatment. However, the percentage of resistance to gen-

tamicin was 26%. This means that the sensitivity of these isolates

must be monitored on the antibiogram. Amikacin is the aminogly-

coside least affected by resistances in  ESBL+ microorganisms,7,23,24

although our study lacked data on sensitivity to amikacin.

Fosfomycin does not have cross-resistance with other

antibiotics.29 In a  review by Falagas et al.,30 96.8% of 1657

Table 2

Antimicrobial sensitivity to  ESBL+ isolates.

Antibiotic Sensitive Intermediate Resistant

Ampicillin (n, %) 0/19 (0.0%) 0/19 (0.0%) 19/19 (100.0%)

Amoxicillin–clavulanic acid (n, %) 10/19 (52.6%) 6/19 (31.6%) 3/19 (15.8%)

Piperacillin–tazobactam (n, %) 18/19 (94.7%) 1/19 (5.3%) 0/19 (0.0%)

Cefoxitin  (n, %) 6/14 (42.9%) 3/14 (21.4%) 5/14 (35.7%)

Imipenem (n, %) 13/13 (100.0%) 0/13 (0.0%) 0/13 (0.0%)

Gentamicin (n, %) 13/19 (68.4%) 1/19 (5.3%) 5/19 (26.3%)

Tobramycin (n, %) 9/19 (47.4%) 4/19 (21.1%) 6/19 (31.6%)

Nitrofurantoin (n, %) 9/11 (81.8%) 2/11 (18.2%) 0/11 (0.0%)

Co-trimoxazole (n, %) 11/17 (64.7%) 0/17 (0.0%) 6/17 (35.3%)

Fosfomycin (n, %) 18/18 (100.0%) 0/18 (0.0%) 0/18 (0.0%)
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ESBL+ E. coli isolates and 81.3% of 748 ESBL+ K.  pneumoniae isolates

were sensitive to fosfomycin. Its  use seems to be  increasingly com-

mon in these cases. However, experience in the use of fosfomycin

in serious urinary tract infections in  children is limited. When

there is suspected renal or systemic impairment, it should be used

intravenously; the oral route should be  reserved for uncomplicated

lower urinary infections.29

Everything mentioned greatly limits oral treatment options on

hospital discharge, which could prolong the hospital stay.9–11,19

In our series, the mean length of hospital stay of the cases was

just one day longer than that of the controls. We attributed this

to the fact that nearly 70% of ESBL+ isolates were sensitive to

initial treatment with gentamicin and to the fact that an oral

alternative was available for hospital discharge in 8 cases. In

7 cases, the initial treatment was modified with the data from

the antibiogram. It was replaced with carbapenems in  3 cases,

with amoxicillin–clavulanic acid in 2 cases, with co-trimoxazole

in one case and with gentamicin in  the case that had started

cefixime. On discharge, treatment involved co-trimoxazole in  5

cases, amoxicillin–clavulanic acid in  3 cases, cefixime (erroneously)

in 2  cases and fosfomycin (which could be considered subopti-

mal) in one case. The ESBL+ isolates were sensitive to these oral

treatments, except in the cases treated with cefixime, although all

followed a favourable clinical course. There is  a striking article in

which, although only 4 of 28 patients with febrile UTI due to ESBL+

isolates received appropriate empirical treatment, 95% followed a

favourable clinical and microbiological course.21 The researchers

attributed this to the fact that, although the treatment may  have

been inappropriate, with intravenous administration, favourable

pharmacokinetic and pharmacodynamic objectives were achieved

in  the urinary tract as an extremely high concentration of the

antibiotic.7,21

Our study, although it gathered data from a  9-year period,

had the disadvantage of its small number of cases, given the rar-

ity of these isolates. This probably led to some of the differences

observed, especially in terms of frequency of reflux of any grade

and perhaps of high-grade reflux, not attaining statistical signifi-

cance. Another disadvantage was the fact that the study was limited

to children under 2 years of age for whom the diagnosis of febrile

UTI or pyelonephritis had for many years been an indication for

admission to our hospital. The study was retrospective and some

variables of interest, such as a  history of recent use of antimicro-

bials, were not collected in  the medical records and could not be

analysed.

From the literature review and our study data it could be

deduced that, in  the treatment of episodes of UTI/APN with hospi-

talisation wherein patients have received antibiotics or have been

admitted in the previous 1–3 months, have underlying diseases or

anatomical or functional urinary tract abnormalities, have a  higher

frequency of recurrences or have received chemoprophylaxis, the

option of covering ESBL+ microorganisms should be considered to

prevent suboptimal treatment and the possibility of renal dam-

age. Despite the limitations of the study, given the limited data

in the literature on children and the ever-increasing prevalence

of these isolates, we believe that the information provided by this

study may  be useful. It  would be desirable to design a  large-scale

prospective study to  better define in children the frequency and

characteristics in terms of clinical course of these infections in our

setting and to overcome the disadvantages of retrospective studies

with limitations in  terms of data collection and number of ESBL+

isolates.9

Funding

This study did not receive any funding.

Conflicts of interest

The authors of this study do  not have conflicts of interest.

References

1.  Valverde A, Coque TM, Sánchez-Moreno MP,  Rollán A, Baquero F,  Cantón
R.  Dramatic increase in prevalence of fecal carriage of extended-spectrum
�-lactamase-producing Enterobacteriaceae during nonoutbreak situations in
Spain. J  Clin Microbiol. 2004;42:4769–70.

2. Bush K,  Jacoby GA. Updated functional classification of �-lactamases. Antimicrob
Agents Chemother. 2010;54:969–70.

3. Peralta G, Lamelo M,  Alvarez-García P, Velasco M, Delgado A, Horcajada JP, et  al.
Impact  of empirical treatment in extended-spectrum beta-lactamase-producing
Escherichia coli and Klebsiella spp. bacteremia. A multicentric cohort study. BMC
Infect Dis. 2012;12:1–7.

4. Cantón R, Valverde A, Novais A, Baquero F, Coque T. Evolución y panorama actual
de la BLEE. Enferm Infecc Microbiol Clin. 2007;25 Supl. 2:2–10.

5. Curello J, MacDougall C. Beyond susceptible and resistant, Part II: Treatment of
infections due  to gram-negative organisms producing extended-spectrum-�-
lactamases. J  Pediatr Pharmacol Ther. 2014;19:156–60.

6. Ena J, Arjona F, Martinez-Peinado C,  Lopez-Perezagua M, Amador C.
Epidemiology of urinary tract infections caused by  extended-spectrum beta-
lactamase-producing Escherichia coli.  Urology. 2006;68:1169–70.

7. Rodríguez-Baño  J, Navarro MD.  Impacto de las BLEE en  los tratamientos empíri-
cos y políticas antibióticas. Enferm Infecc Microbiol Clin. 2007;25 Supl. 2:54–9.

8. Topaloglu R, Er I, Dogan BG,  Bilginer Y,  Ozaltin F, Besbas N, et al. Risk factors in
community-acquired urinary tract infections caused by ESBL-producing bacte-
ria  in children. Pediatr Nephrol. 2010;25:919–20.

9. Dayan N, Dabbah H, Weissman I,  Aga I, Even L, Glikman D. Urinary tract infections
caused by community-acquired extended spectrum �-lactamase-producing and
nonproducing bacteria: a  comparative study. J Pediatr. 2013;163:1417–20.

10. Fan NC, Chen HH, Chen CL, Ou LS, Lin TY, Tsai MH,  et al. Rise of community-onset
urinary tract infection caused by extended-spectrum �-lactamase-producing
Escherichia coli in children. J  Microbiol Immunol Infect. 2014;47:399–400.

11. Megged O.  Extended-spectrum �-lactamase-producing bacteria causing
community-acquired urinary tract infections in children. Pediatr Nephrol.
2014;29:1583–90.

12. Chen PC, Chang LY, Lu CY, Shao PL, Tsai IJ, Tsau YK, et  al. Drug susceptibility and
treatment response of common urinary tract infection pathogens in children. J
Microbiol Immunol Infect. 2014;47:478–80.

13. Fernández Reyes M,  Vicente D, Gomariz M,  Esnal O,  Landa J, Oñate E,
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