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Abstract
Urinary tract infections (UTIs) are one of the most prevalent community-acquired infections and represent a
huge annual cost in health care. Elderly are more susceptible to have infections and in this age group UTIs are
associated with a poor prognosis and higher mortality rates. In this type of infections, extended spectrum betalactamases (ESBLs) producing isolates are an increasing cause of resistance to antibiotics. Therefore the main aim of
this study was to access the prevalence of ESBL-producing isolates collected from urine of elderly attending the
Emergency Room (ER) during a 4 years period, in Aveiro. The percentage of Escherichia coli has been increased
since 2011 and the percentage of Klebsiella pneumoniae has been significantly decreasing in the same period. The
percentage of ESBL-producing K. pneumoniae is always higher than ESBL-producing E. coli. The percentage of
ESBL-producers has been significantly reduced in the last years, with a slight increase in 2014 however, the values are
still high. Considering the criteria used to select the isolates we can conclude that they are disseminated in community,
mainly in nursing homes, so it is necessary to adopt strict policies to avoid the spread of these resistant isolates.
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Introduction
Urinary tract infections (UTI) are one of the most
prevalent infections in community worldwide [1] and are
more frequent in female patients, mostly due to anatomic
characteristics of female reproductive system [2]. Although
most UTIs do not require hospitalization, the costs
associated with this type of infection are tremendous [3].
The developments in biotechnology and life sciences along
with an improvement in life conditions, allowed the increase
of average life expectancy is in both genders, leading to an
increase in the elderly population worldwide [4, 5].
However, in this population infectious diseases are a serious
health problem, accounting for one third of deaths [4]. UTIs
are one of the most common, whether acquired in the
community or associated to health care and are associated
with high rates of mortality and morbidity [6, 7]. The
geriatric population is in itself more susceptible to develop
an UTI due to complications associated with old age, such
as fragility of immune system, limited mobility,
incontinence, poor nutrition, diabetes, dementia and strokes,
which lead to carelessness in hygiene care [4]. In addition,
in the elderly, due to functional and structural changes, most
UTIs are complicated and have atypical symptoms, which
difficult an accurate diagnosis [8].
The massive use of β-lactam antibiotics for the
treatment of infections, including UTIs, led to the
development of resistance, mainly bacteria of
Enterobacteriaceae family. In recent years, the production
and dissemination of extended spectrum β-lactamases
(ESBL), mainly in Europe, has been a major concern for
health professionals. This class of enzymes, which degrade
penicillin, cephalosporin and monobactam’s, is very large
and diversified, limiting available therapeutic options [9].
Therefore, conducting studies of epidemiological
surveillance in order to monitoring these multirresistant
strains and determine their distribution in the community is
crucial. Thus, the aims of this study were determine which
microorganisms are more frequently responsible for urinary
tract infections in the community served by the Hospital
Infante D. Pedro and to infer in the epidemiology of ESBLproducing bacteria in elderly patients attending Emergency
Room with a primary diagnosis of an UTI.

Material and Methods
Bacterial Isolates
The clinical isolates were isolated from urine
collected from patients during the timeframe of this study,
January 2011 to December 2014. The isolates were selected
according to the following criteria: primary diagnosis of an
UTI, patients older than 65 years (inclusive) and from
Emergency Room (ER). The population analyzed was non-
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repetitive and only a single isolate/patient was included in
the study. Urine samples were cultured in CLED (Cystine
Lactose Electrolyte Deficient) media and incubated
aerobically during 18-24h at 35ºC. Samples with ≥105
colony-forming units per mL of urine (CFU/mL) and with a
pure culture were considered as “significant” and were
further studied.

Bacterial Identification, Susceptibility Testing and
ESBL Production
All bacteria occurring in samples with ≥105 colonyforming units per mL of urine (CFU/mL) were identified
using the VITEK 2 system and Advanced Expert System
(AES) (bioMérieux, Marcy L´Étoile, France). The
antimicrobial susceptibility of the strains was carried out
according to guidelines of CLSI standards [10]. ESBL
production highlighted by the Advanced Expert System was
confirmed by manual method E-test® (BioMérieux, Marcy
L´Étoile, France), with cefotaxime/ cefotaxime + clavulanic
acid (CT/CTL), ceftazidime/ ceftazidime + clavulanic acid
(TZ/TZL) and cefpime/ cefpime + clavulanic acid
(PM/PML) strips according to the manufacturer’s
instructions.

Statistical Analysis
The results obtained were analyzed using the
software Microsoft Office Excel 2013®, Microsoft
Corporation©. To the statistical analysis it was used simple
descriptive statistics, such as mean, standard deviation and
frequencies. In the course of this work we also used
software VITEK®2 Advanced Expert System (BioMérieux,
Marcy-L’Etoile, France) and computer system Appolo, for
laboratory management of the Clinical Pathology
department of our hospital, which give us information on the
history of microbiological data, conducting various
statistical analysis and management of patients and requests.

Results
Bacterial Isolates
During the timeframe studied 1720 urine isolates
were collected following the criteria listed above. As
expected, the number of UTIs was significantly higher in
females. Also expected, was the fact of Escherichia coli and
Klebsiella pneumoniae isolates were the most prevalent
Gram negative. Nevertheless, the percentage of E. coli
isolates has been increasing since 2011, comparing with the
percentage of K. pneumoniae isolates, which in 2011 was
higher than E. coli but has been significantly decreasing in
the last three years (Table 1).
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Table 1: Percentage of K. pneumoniae and E. coli isolates among total of isolates in each year between 2011 and 2014.

Clinical isolates selected (n)

% of K. pneumoniae

% of E. coli

2011 272

35.7

29.8

2012 384

19

48.4

2013 540

20.9

51.4

2014 524

15.1

46.8

Bacterial Identification, Susceptibility Testing and
ESBL Production
In the timeframe studied, E. coli was always the
most frequent microorganism, followed K. pneumoniae
(data not shown). As shown in Figure 1, between 2011 and
2013 there was a reduction in the percentage of ESBL-

producers. In 2011, 82.5% of K. pneumoniae isolates were
ESBL-producers, however in 2013, this percentage
decreases to 39.0%. E. coli ESBL-producers have also
progressively diminished between 2011 and 2013, ranging
between 44.4% and 13.4%, respectively. In 2014, however,
there was a slight increase in ESBL-producers, to 44.1% in
K. pneumoniae and 18.0% in E. coli isolates.

Figure 1: Percentage of E. coli and K. pneumoniae ESBL producers between 2011 and 2014.

Discussion
In recent years several studies have been conducted
that focus on etiology of community acquired UTIs. The
rationale behind the study conducted took into account
several factors related to the incidence and severity of UTIs
in elderly population. The results show, unequivocally, that
E. coli is the most common bacteria in this type of infections
[11-18]. In Aveiro, Portugal, a surveillance study carried out
between 2000 and 2009, with 18797 samples from
outpatients, the results show that E. coli was responsible for
64.5% of cases, compared with only 6.0% of S. aureus,
4.7% P. mirabilis, 4.3% Klebsiella spp., 3.6% E. faecalis
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and 2.4% P. aeruginosa [16]. In this study it is still possible
to realize that individuals with 65 years or older are
responsible for 38.6% of the total of UTIs, with higher
prevalence in women, in all age groups. Regarding the
percentage of isolates of the elderly, the trend is a slightly
different from the global study, being more identical to the
present work [16]. In 2007, Carlos Correia et al. [15]
published a study on the etiology of UTIs in the hospital unit
of Bragança, Portugal, with the results of microbiological
positive urine tests in 428 outpatients. As in the present
study, E. coli was the most frequent microorganism
followed by Klebsiella spp.
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ESBL-producing strains are a motive of concern to
all health professionals worldwide. In Europe, infections
caused by these bacteria have drastically raised since the
discovery of ESBL enzymes, in 1970 decade [19]. Initially,
TEM and SHV ESBLs were the most frequent types of these
enzymes, and were isolated in K. pneumoniae and
inpatients, leading to nosocomial outbreaks. However,
nowadays, these enzymes are also find in E. coli, with a
quickly spread of CTX-M type and around the community
[19]. Among European countries, Portugal exhibits the
highest rates of antibiotic resistance, in contrast with the
Nordic countries [20]. Moreover, according to two studies
conducted in 2002 [20] and 2008 [21], β-lactam antibiotics
are the most used in our country, reinforcing the importance
of monitoring rates of ESBL production, since these
enzymes provide resistance to these classes of antibiotics.
In Portugal, a study conducted between March
2004 and March 2006, including E. coli from 9 Portuguese
hospitals shows that 65,7% of E. coli produces CTX-M-type
ESBLs with high prevalence of these isolates in communityacquired infections (56%), UTIs (76%) and patients older
than 60 years (76%) [22]. In Hospital Infante D. Pedro,
Aveiro, Portugal, between 2008 and 2010, there were
analyzed 15843 isolates and the authors showed that there
were 222 E. coli ESBL+ and 263 K. pneumoniae ESBL+,
isolated mostly from urine, blood and bronchial secretions
[23].
In 1999, in Spain, a group of investigators [24]
studied antimicrobial susceptibility profile of isolates
collected from patients with community-acquired UTIs. The
results showed that, from the 2798 different strains, only 7
E. coli strains were ESBL-producers [24]. However, in the
same country, about one decade later, this number raised to
6% (n=162) in 2009 and 7% (n=210) in 2010 [25]. Despite
these works include both outpatients and inpatients, making
harder to know how are these ESBL-producing strains
disseminated in community, other study clearly shows that,
in Spain, ESBL-producing E. coli are strongly disseminated
in community [26]. Investigators conclude that in 1994 there
were 0.20% of ESBL-producing E. coli in UTIs from
outpatients and in 2004 this value was higher than 5.5%
[26].
The results of the present study show that K.
pneumoniae is the strain with the highest percentage of
ESBL-producers. In fact, E. coli and Klebsiella spp. are the

Enterobacteriaceae with more resistance phenotypes due to
ESBL production. These data also show that depending on
geographic location, ESBL are more disseminated in one
species instead of others, showing the importance of local
epidemiology studies to monitor and prevent unmeasured
spread.

Conclusions
In the last three years E. coli was the organism causing
higher number of UTI. However, the percentage of K.
pneumoniae ESBL-producers was always higher than E.
coli. High numbers on ESBL-producing isolates, detected in
UTI patients over 65 are the main motive of concern, since
these are recurrent visitors of hospitals and frequently living
in nursing homes, which makes them potential carriers of
multirresistant strains. Despite the percentage of ESBLproducers has been significantly reduced in the last years,
the values are still high, being a motive of concern
especially considering the elderly population. The results
that are included in this work are of utmost importance,
since they reinforce the need to adopt strict policies for the
control of antibiotics administration in order to stop the
spread of these isolates. Moreover, this study provides a
realistic panorama of the dissemination of β-lactamases in
our region. Additionally, it helps to highlight the importance
of β-lactamases screening in order to prevent treatment
failure. In the future, molecular biology studies are crucial to
characterize these enzymes.
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