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RESUMO
Introdução: A emergência de bactérias produtoras de β-lactamases de espetro expandido é um problema mundial, com importância 
crescente nas infeções adquiridas na comunidade, nomeadamente nas infeções urinárias. Os dados pediátricos de utilização de anti-
microbianos não carbapenemos nestas infeções são escassos. O objetivo do estudo foi analisar a terapêutica antibiótica instituída nas 
infeções urinárias causadas por estes agentes, assim como a evolução clínica e laboratorial.
Material e Métodos: Estudo retrospetivo efetuado num hospital pediátrico entre junho de 2007 e dezembro de 2017. Foram incluídas 
todas as crianças com urocultura positiva para Enterobacteriaceae produtoras de β-lactamases. 
Resultados: Foram diagnosticadas 175 infeções urinárias causadas por Enterobacteriaceae produtoras de β-lactamases, das quais 
34 (19%) foram adquiridas na comunidade: 25 Escherichia coli (74%), 4 Klebsiella pneumoniae (12%), 4 Proteus mirabilis (12%) e 1 
Proteus vulgaris (3%). Em 30 (88%) episódios tratou-se da primeira infeção urinária. Após conhecimento do microrganismo e suas 
suscetibilidades, 33 (97%) crianças foram reavaliadas e 24 (71%) repetiram urocultura, que foi positiva em três (13%). Em seis (18%) 
casos foi alterado o antimicrobiano. No mês subsequente, quatro (12%) crianças tiveram nova infeção urinária e 30 (88%) crianças 
realizaram investigação imagiológica, sem deteção de malformações nefro-urológicas.
Discussão: Na última década, cerca de 20% das infeções urinárias causadas por Enterobacteriaceae produtoras de β-lactamases 
foram adquiridas na comunidade, com um número relativamente estável ao longo dos anos. Estas crianças não apresentavam mal-
formações nefro-urológicas.
Conclusão: Embora o número de casos seja pequeno, a evolução clínica e microbiológica mostrou que a maioria foi tratada com 
sucesso com antimicrobianos não carbapenemos, com baixa ocorrência de novos episódios.
Palavras-chave: Antibacterianos; β-lactamases; Criança; Enterobacteriaceae; Infecções Comunitárias Adquiridas; Infecções por En-
terobacteriaceae; Infecções Urinárias
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ABSTRACT
Introduction: The emergence of β-lactamases producing bacteria is a problem worldwide, with increasing importance in community-
acquired infections, especially in urinary tract infections. Data regarding the use of non-carbapenem antimicrobials in these infections 
are scarce. The aim of this study was to analyse the treatment and outcome of urinary tract infections caused by community-acquired 
β-lactamase-producing bacteria in children.
Material and Methods: Retrospective study performed in a level III paediatric hospital, between June 2007 and December 2017. All 
children with β-lactamase-producing Enterobacteriaceae identified in aseptically collected urine culture were included. 
Results: A total of 175 urinary infections caused by β-lactamases producing bacteria were diagnosed, 34 (19%) were community-ac-
quired: 25 Escherichia coli (74%), 4 Klebsiella pneumoniae (12%), 4 Proteus mirabilis (12%) and 1 Proteus vulgaris (3%). In 30 (88%) 
cases, it was the first urinary infection. After identification of the microorganism and antimicrobial susceptibility, 33 (97%) children were 
re-evaluated and 24 (71%) had a repeat urine culture, which was positive in three (13%). In six (18%) cases, antibiotic treatment was 
modified. Four (12%) children had another UTI in the following month. In 30 (88%) children, imaging was carried out, with no nephro-
urological malformations detected.
Discussion: In the last decade, about 20% of urinary infections caused by β-lactamase-producing Enterobacteriaceae were com-
munity-acquired with a relatively stable number of cases over the years. No nephro-urological malformations were identified in these 
children.
Conclusion: Although the number of cases is small, the clinical and microbiological outcomes showed that most were successfully 
treated with non-carbapenem antibiotics, with low recurrence of new episodes of urinary tract infections.
Keywords: Anti-Bacterial Agents; beta-Lactamases; Child; Community-Acquired Infections; Enterobacteriaceae; Enterobacteriaceae 
Infections; Urinary Tract Infections

Urinary Tract Infections Caused by Community-Acquired 
Extended-Spectrum β-Lactamase-Producing 
Enterobacteriaceae in a Level III Hospital: A 
Retrospective Study 

Infeções Urinárias Causadas por Enterobacteriaceae 
Produtoras de β-Lactamases de Espetro Expandido 
Adquiridas na Comunidade num Hospital de Nível III: 
Um Estudo Retrospetivo
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INTRODUCTION
 Urinary tract infections (UTI) frequently affect paediat-
ric patients, with a 7% global prevalence in children, even 
though varying with age, ethnicity and gender.1 An appropri-
ate treatment is crucial, namely to prevent the development 
of kidney scars leading to impaired renal function.2 These 
are mostly caused by Enterobacteriaceae: Escherichia coli 
(E. coli) are responsible for 60-90% of all the cases, fol-
lowed by Klebsiella pneumoniae (K. pneumoniae) and Pro-
teus mirabilis (P. mirabilis).3 
 Extended-spectrum beta-lactamases (ESBL) are defined 
as enzymes that are able to hydrolyse and inactivate the 
β-lactam ring in different types of antibiotics, giving bacteria 
resistance to penicillin, first, second and third generation 
cephalosporins and aztreonam. They can also be resistant 
to aminoglycosides, fluoroquinolones and cotrimoxazole 
and susceptible to carbapenems4 and, even though they 
often show in vitro susceptibility to co-amoxiclav, the use of 
co-amoxiclav is still controversial in the treatment of these 
infections.5 
 Strains of ESBL-producing Enterobacteriaceae were 
for the first time identified in Germany in 1983, involved in 
nosocomial infections affecting adult patients admitted to 
intensive care units.6 The first community-acquired (CA) 
infections were described in 20007 and were first described 
in children between 1999 and 2003 in France, initially as 
a cause of invasive disease in neonatal and paediatric 
intensive care units.8,9

 These are currently a worldwide issue with an increasing 
relevance as CA infections, namely as urinary and intra-
abdominal infections10 and an emerging cause of urinary 
infections in children. This has been occurring in Asia, 
where around 40% of uropathogenic Enterobacteriaceae 
are ESBL-producers.11 However, even though these are 
more frequent in developing countries, they have also 
increased in developed countries12 such as the USA, where 
the prevalence of infections caused by ESBL-producing 
bacteria in children, including both CA and healthcare-
associated infections, have increased from 0.26% in 
2001 to 0.92% in 2010-2011,13 in line with what has been 
found in some European countries, such as in France and 
Germany.12,14,15

 In addition to longer hospital stays and higher 
costs when compared to urinary infections caused by 
other microorganisms,16 higher mortality, particularly in 
newborn patients, has also been found in the presence of 
bacteraemia.17,18

 Carbapenems are recommended for the treatment 
of these infections. However, there is an increasing and 
very worrying prevalence of carbapenemase-producing 
Enterobacteriaceae associated with high mortality19 and a 
reduction in their use is crucial. 
 Non-carbapenem antibiotics have been successfully 
used in the treatment of UTIs in adults, showing no 
differences in clinical and bacteriological cure rates, in 
14-day mortality and in the recurrence of these infections, 
when compared to patients treated with carbapenems.20-24 

 The study was aimed at assessing treatment, clinical 
(symptom improvement, namely fever and urinary 
symptoms) and laboratory outcomes (follow-up urine 
culture) and UTI recurrence. As there is little information on 
the use of non-carbapenem antibiotics in the treatment of 
UTIs caused by ESBL bacteria in children, the study was 
aimed at the assessment of treatment, clinical (resolution 
of symptoms, namely fever and urinary symptoms) and 
laboratory (follow-up urine culture results) outcomes and 
recurrent UTI episodes caused by these CA bacteria.

MATERIAL AND METHODS 
Retrospective population-based study
 This was a retrospective, descriptive, non-interventional 
study carried out at the Hospital Pediátrico - Centro 
Hospitalar e Universitário de Coimbra (CHUC), a level-
III hospital in the Central region of Portugal providing 
healthcare to children and young people up to the age of 17 
and 364 days, covering 392,112 children and adolescents 
aged 0-18 (Instituto Nacional de Estatística, 2017). On 
average, 58,550 attendances to Emergency have occurred 
per year through the study period, up to the age of 13 until 
2011 and to the age of 18 from February 2011 onwards. 
Microbiological data were obtained from the database of the 
Department of Clinical Pathology / CHUC and included all 
the patients aged 0-18 presenting between Jun 2007 (at 
the time when the identification of these microorganisms 
started) and Dec 2017 (10.5 years) with ESBL-producing 
gram-negative bacilli isolated from urine.
 The study was approved by the Healthcare Ethics 
Committee of the Centro Hospitalar e Universitário de 
Coimbra. 

Microbiological methods
 Gram-negative bacilli were isolated from urine culture 
and the identification and antibiotic susceptibility of 
Enterobacteriaceae were obtained by use of the Vitek-2 
(bioMérieux, Marcy L’Etoile, France) compact system and 
Etest and combined disk tests. 
 Minimum inhibitory concentrations were interpreted 
according to the reference values of the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST).

Inclusion criteria
 Infections affecting patients with no risk factors and in 
whom bacteria were isolated in urine within the initial 48 
hours upon admission were considered as CA infections. 
 Clinical cure was defined as the resolution of symptoms, 
namely fever and/or urinary symptoms (dysuria, frequent 
urination, low back pain), while bacteriological cure was 
defined as the presence of improving parameters in urinalysis 
(reduction in the number of leukocyte per field, absence of 
nitrite and bacteria in fresh urine) and negative follow-up 
urine culture. All the patients were submitted to a laboratory 
control following 48-72 hours of antibiotic treatment, in case 
that an ESBL-producing Enterobacteriaceae had been 

Simões A, et al. Urinary tract infections caused by community-acquired extended-spectrum β-lactamase, Acta Med Port 2020 Jul-Aug;33(7-8):466-474



A
R

TIG
O

 O
R

IG
IN

A
L

468Revista Científica da Ordem dos Médicos          www.actamedicaportuguesa.com                                                                                                                

identified. 
 The following were considered as risk factors: previous 
hospitalisation, surgical procedure, use of antibiotics or 
presence of a medical device in the 30 days prior to the 
episode, renal replacement therapy, use of antibiotic 
UTI prophylaxis, gastrointestinal colonisation by ESBL-
producing Enterobacteriaceae, invasive ventilation or long-
term corticotherapy within the last 12 months, low birth 
weight and presence of congenital anomalies of the kidneys 
and urinary tract and/or recurrent UTIs.7,25-28

 Only aseptic urine specimens collected via suprapubic 
bladder aspiration, bladder catheterization or clean-catch 
midstream were included.

Clinical data
 Data on strains and antibiotic susceptibility patterns 
that were identified in each case were obtained from the 
Department of Clinical Pathology/CHUC database, with the 
identification of the patients to be included in the study.
 The following information was obtained from clinical 
records: age, gender, date of specimen collection, collection 
method, final diagnosis (cystitis or pyelonephritis), presence 
of risk factors, empirical therapy, antibiotic switch, need for 
hospital-based treatment, follow-up urine culture as well as 
imaging, recurrent UTI in the following six months.
 Definitions of acute pyelonephritis and acute cystitis 

were based on local clinical guidelines. 
 Any UTI episodes affecting patients under the age of 
two, regardless of the presence of fever or patients with low 
back pain, regardless of the presence of fever and of all ages 
were diagnosed as acute pyelonephritis, while nonfebrile 
UTI episodes affecting children aged two and older were 
considered as acute cystitis. Two acute pyelonephritis 
episodes or three or more acute cystitis episodes, or one 
acute pyelonephritis associated with one episode of acute 
cystitis were considered as recurrent UTI.
 Nonspecific clinical signs usually occur in children under 
the age of 24 months, with fever being the main clinical 
sign. After this age, the presence of fever and/or low back 
pain suggests the presence of inflammation of the renal 
parenchyma (acute pyelonephritis), while the presence of 
urinary symptoms such as dysuria, polyuria or incontinence 
suggests an inflammation of the lower urinary tract (acute 
cystitis).
 The diagnosis of UTI in children was based on rapid 
urine test strips (nitrites and leukocytes) or urine analysis 
(nitrites, leukocytes and bacteria) and urine culture.1 
 Diagnosis was confirmed with a positive urine culture 
(suprapubic bladder - positive with ≥ 103 bacteria/mL, 
bladder catheterisation - positive with ≥ 104 bacteria/mL 
or clean-catch midstream - positive with ≥ 105 bacteria/
mL).29,30
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Figure 1 – Relative frequency (%) of community-acquired UTIs caused by ESBL-producing bacteria (2007 to 2017)
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 Data were recorded and processed through Microsoft 
Office Excel 2016® software. Descriptive statistical analysis 
was carried out (median in quantitative variables and 
relative frequency in nominal variables). Descriptive charts 
(2D bar charts, 2D line charts) and tabular presentations 
were used to illustrate the results. 
 A line chart representing relative frequencies of UTIs 
caused by ESBL-producing bacteria over time was used 
to show the changes between 2007 and 2017, while a 
frequency histogram was used to show the frequency of 
CA UTIs caused by ESBL-producing bacteria distributed 
by age cohorts and a bar chart was used to represent the 
rate of resistance of ESBL-producing bacteria against the 
antibiotics that were tested. 

RESULTS
Relative frequency distribution and trend of CA UTIs 
caused by ESBL-producing bacteria throughout the 
study period
 A total of 175 UTI episodes caused by ESBL-producing 
bacteria were diagnosed during the study period, from which 
34 (19%) were CA infections. The relative frequencies over 
time are shown in Fig. 1. 
 A sustained increase in the total number of UTI 
episodes caused by ESBL-producing bacteria up to 2013 
is worth mentioning (the year in which the maximum value 
was found), which has remained relatively stable from then 
onwards. CA UTI episodes caused by these bacteria were 
initially diagnosed in 2010 and, despite some variability, the 
numbers remained low and stable over the years, with a 
median of four episodes/year (maximum of eight in 2014 
and minimum of two in 2016).

Demographic and clinical characteristics of the 
episodes of CA UTI caused by ESBL-producing bacteria
 Eighteen episodes involved female patients (53%) and 
a median two-year and five months median age has been 
found (range 1 month – 16 years). This was the first UTI 
episode in 30 (88%) patients and the distribution per age 
frequency is shown in Fig. 2. 
 Urine sampling was obtained by middle-stream in 27 
(79%) episodes, by bladder catheterisation in six (18%) and 
suprapubic in one (3%) and all samples were obtained at 
the Emergency Department.
 A diagnosis of acute pyelonephritis was established in 
19 (56%) episodes and cystitis in 15 (44%). 

Microbiological data
 The identification of E. coli was obtained in 25 (74%), K. 
pneumoniae in four (12 %), P. mirabilis also in four (12%) 
and P. vulgaris in one episode (3%).
 Bacterial resistances to different antibiotics are shown 
in Fig. 3. In vitro susceptibility to carbapenem (meropenem/
imipenem) agents has been found in all the episodes and 
resistance to gentamicin was found in nine episodes (26%). 
Resistance to co-amoxiclav has been found in eight (47%) 
out of the 17 episodes in which this was included in the test, 
while resistance to ciprofloxacin was found in 13 (41%) out 
of the 32 tested samples. 

Treatment and clinical progression of the CA UTI episodes 
caused by ESBL-producing bacteria 
 An empirical treatment with cefuroxime axetil was used 
in 19 (56%) episodes and with co-amoxiclav in 15 (44%), 
according to the clinical guidelines that are in force at the 
Hospital Pediátrico-CHUC. 

Figure 2 – Frequency histogram. Graphic representation of the frequency of CA-UTIs caused by ESBL-producing bacteria and their dis-
tribution by age cohorts
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 Thirty-three patients (97%) were re-evaluated: 30 (91%) 
were asymptomatic and three (9%) still presented with 
symptoms; a urine culture was repeated in 24/33 (73%), 
with a positive result found in three (13%). Clinical outcomes 
and follow-up cultures are shown in Fig. 4. Considering the 
three symptomatic cases, two presented with a positive 
follow-up urine culture and only one patient out of the 21 
who were asymptomatic presented with a positive follow-up 
urine culture.  
 Three episodes with a positive follow-up urine culture 
were found, as shown in Table 1, including two patients 
with symptoms; all were diagnosed with pyelonephritis and 
were treated with cefuroxime axetil. The initial antibiotic was 
switched in these two patients: one to cotrimoxazole and 
the other one to a carbapenem agent (meropenem), with 
a negative follow-up urine culture and with no symptoms at 
follow-up.
 Four patients presented with a negative follow-up urine 
culture and their treatment was switched upon knowing the 
result of the antibiogram: one of the patients was switched 
to a carbapenem agent due to clinical worsening and the 
remaining three patients to cotrimoxazole, even though 
they had no symptoms. 
 Twenty-seven (96%) patients from the 28 who were 
treated with β-lactam antibiotics alone were re-examined 
and all had no symptoms at follow-up. 
 A hospital-based treatment was required for three 
patients (all infants) with a mean 4.3-days hospital stay (2-9 
days). 
 No congenital anomalies of the kidneys and urinary 

tract were found in 30 (88%) patients who were submitted 
to imaging assessment. 
 A recurrent UTI episode has been found in 4/34 (12%) 
patients on follow-up at six months, within the first 30 days 
upon the initial episode, as shown in Table 2. These patients 
were treated with β-lactam antibiotics, with clinical and 
laboratorial resolution after the first episode. Non-ESBL-
producing microorganisms were identified in three of these 
episodes and an ESBL-producing E. coli was isolated in 
one patient presenting with acute pyelonephritis. The new 
infection episodes presented with the same diagnosis as 
those of the initial episode: three patients with acute cystitis 
and one with acute pyelonephritis.

DISCUSSION
 The 10.5-year experience of a paediatric centre in the 
treatment of CA UTIs caused by ESBL-producing bacteria 
was shown in this study.
 These infections were first found at the Paediatrics 
Department of the CHUC in 2010 and their number 
remained relatively stable over the study period. Most 
patients were treated with non-carbapenem β-lactam 
antibiotics, with a high clinical and microbiological cure rate 
and low recurrence rate.
 A worrying increase in the identification of ESBL-
producing bacteria has been found in the past few years, 
both regarding healthcare-associated and CA infections. An 
increasing incidence of UTIs caused by these bacteria has 
been found in paediatric patients and is a cause for concern 
regarding antibiotic treatment.25 

Simões A, et al. Urinary tract infections caused by community-acquired extended-spectrum β-lactamase, Acta Med Port 2020 Jul-Aug;33(7-8):466-474

Figure 3 – Resistance rate of ESBL-bacteria to the tested antibiotics
* The number of tested strains for each antibiotic is shown in brackets
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Figure 4 – Clinical outcomes and follow-up urine culture collected 48 hours after an empirical antibiotic treatment was started
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 These infections are more frequent in the Southern 
and Eastern Europe. According to the Annual Report of the 
European Antimicrobial Resistance Surveillance Network 
(EARS-Net) published in 2017, a 16.1% prevalence of E. 
coli resistant to third-generation cephalosporins has been 
found in Portugal in the triennium 2013 - 2016, above the 
European average (12.4%) and showing a 0.4% increase 
between 2014 and 2016. A 46.7% resistance rate has 
been found in Portugal as regards invasive K. pneumoniae 
strains, above the 25.7% European average,12 including 
strains isolated from both adults and children and caused 
by healthcare-associated and CA infections.
 In a case-control study carried out at the Paediatrics 
Department - CHUC from 2007 to 2009 aimed at assessing 
the risk factors and infections caused by healthcare-
associated and CA ESBL-producing bacilli, 39.1% (n = 
9) regarded UTIs, mostly CA infections (n = 6).25 A 9.2% 
prevalence rate of CA UTIs caused by ESBL-producing E. 
coli has been found in a Spanish study carried out from 
2015 to 2016 in children aged 14 years and younger (n = 
21/229),31 while a 1% prevalence rate of  ESBL-producing 
E. coli (n = 6/562) and 0.4% of Klebsiella spp. (n = 2/562) 
have been found in a Israeli paediatric hospital from 2003 to 
2010.32

 The prevalence rate of UTIs caused by ESBL-producing 
microorganisms was not assessed in this study, even 
though a 19% (n = 34) rate of CA UTIs caused by ESBL-
producing microorganisms has been found. In this group, 
the ESBL phenotype was more often identified among E. 
coli strains, in line with other studies.32

 The risk factors for the colonisation by ESBL-producing 
microorganisms, as well as the risk factors associated with 
CA UTIs caused by these bacteria have been described 
in adults, while data in paediatric patients are scarce. The 

performance of antibiotic treatment within the last 30 days 
and the presence of chronic pathology in need for multiple 
hospital-based treatment were identified as risk factors in 
the abovementioned case-control study. Invasive ventilation 
within the last 30 days proved to be an independent risk factor, 
probably due to an increasing impact on the colonisation 
with these microorganisms.25 In a Turkish case-control study 
carried out from 2004 to 2006, involving children presenting 
with UTI caused by these bacteria, it was also found that 
the presence of a chronic illness and hospital admission 
within the last three months corresponded to independent 
risk factors for these infections.33 Recurrent UTI, congenital 
anomalies of the kidney and the urinary tract, antibiotic 
prophylaxis with cephalosporins and previous UTIs caused 
by Klebsiella spp. strains, even with non-ESBL-producing 
strains were also described as risk factors.26

 Paediatric UTIs are associated with higher morbidity 
related both to the acute episode and also to a long-
term risk for the development of high blood pressure and 
chronic kidney disease.34 Renal scarring affect a small 
number of patients, yet it is the most important cause of 
complications.35 A retrospective cohort study involving 
a group of patients aged two months to six years with a 
first or second UTI episode, based on two previous North-
American longitudinal studies and with a two-year follow-
up, found a relationship between delayed antibiotic therapy 
in children with febrile UTI and the development of renal 
scarring.36 
 In this study, the antibiogram results were in line with 
literature regarding the limited treatment options. Despite the 
resistance to carbapenems described in several studies,37,38 
we found that all isolated strains were susceptible.
 Carbapenem antibiotics are first-line treatment for UTIs 
caused by ESBL-producing bacteria. However, these should 

Table 1 – Antibiotic treatment and outcomes of patients with positive follow-up urine culture
Isolated bacteria in the 
first UTI episode

Initial empirical 
antibiotic treatment

First follow-up 
urine culture Antibiotic used Second follow-up 

urine culture
Klebsiella pneumoniae Cefuroxime-axetil K. pneumoniae Meropenem Negative

Escherichia coli Cefuroxime-axetil E. coli Cotrimoxazol Negative

Escherichia coli Cefuroxime-axetil E. coli Unswitched treatment Negative

Table 2 – Clinical and microbiological characteristics of the patients presenting with a recurrent UTI episode within the six months following 
the first episode

Type of UTI Age 
(years)

ESBL- 
-producing 
bacteria in 
the first UTI 

episode

Antibiotic 
treatment used 
in the first UTI 

episode

Antibiotic switch 
in the first UTI 

episode

Bacteria identified 
in the second UTI 

episode

Congenital 
anomalies of the 
kidneys and the 

urinary tract

Cystitis 3 Proteus 
mirabilis

Co-amoxiclav No ESBL negative 
Klebsiella 

pneumoniae

No

Cystitis 13 Escherichia coli Co-amoxiclav No ESBL negative 
Escherichia coli

With no imaging 
assessment

Cystitis 3 Proteus 
mirabilis

Co-amoxiclav No ESBL negative 
Proteus mirabilis

With no imaging 
assessment

Pyelonephritis 15 Escherichia coli Cefuroxime-
axetil

No ESBL negative 
Escherichia coli

No

ESBL: Extended-spectrum ß-lactamases
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be used carefully due to an increasing worldwide incidence 
of carbapenemase-resistant Enterobacteriaceae.39 One 
explanation for the development of carbapenemases is 
that the use of carbapenems induces mutations in bacterial 
outer membrane proteins, also leading to the selection of 
β-lactamases capable of hydrolysing them.37 Prior exposure 
to antibiotics, mainly cephalosporins, appears to be an 
independent and consistent risk factor for the emergence of 
ESBL- and carbapenemase-producing bacteria.38

 Non-carbapenem antibiotics have been successfully 
used to treat these infections in adults, with relevant impact 
on daily clinical practice. Local host defence mechanisms, 
in addition to high urinary concentrations of some antibiotics 
that are excreted in urine, have been described by some 
authors as major facilitators of a favourable outcome.40,41 
However, there are few studies on the use of these 
antibiotics in paediatric patients for the treatment of UTIs 
caused by ESBL-producing bacteria. 
 The minimum inhibitory concentration (MIC) is one of 
the pharmacodynamic parameters used as indicator for 
the selection of an antibiotic, even though this is an in vitro 
parameter. The assessment of the clinical response should 
also be used in therapeutic decisions upon the use of the 
antibiotic in vivo.41

 In a Finnish retrospective study carried out in a tertiary 
care hospital from 2007 to 2016, including 34 patients 
under the age of 18 presenting with UTI caused by ESBL-
producing bacteria, it was found that 88% (n = 30) of these 
infections were successfully treated with cephalosporins.42

 In addition, another retrospective study conducted 
in Tokyo between 2006 and 2016, including patients 
presenting with febrile UTI caused by ESBL-producing E. 
coli, found that 80% of these (n = 12/15) were successfully 
treated with non-carbapenem antibiotics.41

 Recently, other non-carbapenem antibiotics such as 
fosfomycin have been successfully used to treat UTIs 
caused by ESBL-producing bacteria in adults. A systematic 
review published in 2010 found favourable clinical outcomes 
with the use of fosfomycin in patients presenting with cystitis 
caused by these strains (93.8%, n = 75/80), particularly E. 
coli strains.43 Although clinical evidence is still limited, this 
antibiotic may also be a treatment option in UTIs caused by 
these microorganisms. 
 Aminoglycosides have shown variable efficacy, the most 
promising being amikacin.44 A 96% cure rate (n = 51/53) has 
been found in a retrospective study carried out in 2015-2016 
in patients aged 2-18 and presenting with cystitis caused by 
CA ESBL-producing E. coli strains.45

 A South-Korean retrospective study found no statistically 
significant differences between children presenting with 
UTIs caused by ESBL-producing Enterobacteriaceae 
and treated with non-carbapenem antibiotics (cefotaxime, 
piperacillin-tazobactam and amikacin) vs. carbapenems.40

 In our study, a 91% clinical cure rate has been found (n 
= 30/33) with the use of an initial empirical treatment with 
cefuroxime-axetil (56%) or co-amoxiclav (46%), while a 
95% rate of laboratorial cure has been found in those who 

were submitted to a follow-up urine culture (n = 20/21). 
Empirical antibiotic therapy was not switched in one patient 
after knowing the absence of in vitro susceptibility, due to a 
favourable clinical progression. 
 Most patients in our group underwent renal and bladder 
ultrasound imaging and no anomalies of the kidneys and 
the urinary tract were found. 
 In this study, four patients presented with a new UTI 
episode within six months following the first episode. In 
one of the cases, the new infection was again caused by 
an ESBL-producing E. coli strain. The empirical antibiotic 
therapy was not switched in the first episode, as there was 
a favourable clinical response. 
 There is very little information on the recurrence rate 
of these infections, according to the antimicrobial therapy 
used. A South-Korean retrospective study comparing the 
outcomes of UTIs caused by ESBL bacteria treated with 
non-carbapenem vs. carbapenem antibiotics over a five-
year period found no statistically significant differences in 
the recurrence of UTIs between both groups.40

 The fact that only UTI cases with aseptic urine collection 
and that clinical reassessment occurred in almost all the 
patients are worth mentioning as strengths of the study, 
while the fact that it was based on a retrospective analysis, 
with a relatively small sample should be considered as 
limitations. In addition, not all the patients in our group 
underwent a follow-up urine culture. 
 Based on the results of the study, the local resistances 
and current scientific knowledge, it seems appropriate 
to maintain the initial empirical treatment with β-lactam 
antibiotics as a guideline, with clinical and laboratory control 
in cases where a resistant microorganism is identified in vitro 
and the same antibiotic may remain unswitched whenever 
clinical and laboratory cure occurs.
 Microbiological surveillance of these bacteria is a crucial 
measure and other Portuguese hospitals and patients 
with risk factors should be included in further studies. The 
knowledge on the susceptibility to fosfomycin, which was 
tested in a reduced number of cases, will provide relevant 
data, as this could be a relevant option in the treatment of 
cystitis caused by these microorganisms.

CONCLUSION
 Around 20% of the UTI caused by ESBL-producing 
Enterobacteriaceae were community-acquired infections 
affecting patients with no congenital anomalies of the kidneys 
or the urinary tract, with unchanged prevalence over the 
years. Despite a small group of patients has been included 
in the study, the clinical and microbiological outcomes have 
shown that most of the patients were successfully treated 
with non-carbapenem β-lactam antibiotics, with a low rate 
of recurrence within the following six months.
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