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SUMMARY

Antibiotic susceptibilities of large cohorts of Enterobacteriaceae isolated from urine collected in
the community are scarce. We report the susceptibilities of Enterobacteriaceae isolated from
urine of non-selected community populations in a metropolitan area (Leeds and Bradford, UK)
over 2 years. Isolates (n=6614) were identified as follows: Escherichia coli (n=5436), Klebsiella
spp. (n=525), Proteus mirabilis (n=305), and 15 other species (n=290); 58 isolates were
unidentified. Ampicillin resistance was observed in 53% E. coli and 28% P. mirabilis; 534%
E. coli and P. mirabilis were non-susceptible to trimethoprim compared to 20% Klebsiella spp.;
nitrofurantoin resistance was observed in 3% E. coli and 15% Klebsiella spp. The occurrence of
extended-spectrum β-lactamases (ESBL) was low (6%), as was non-susceptibility to carbapenems,
cefipime and tigecycline (<2%). Further surveillance is required to monitor this level of resistance
and additional clinical studies are needed to understand the impact on the outcome of current
empirical prescribing decisions.
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Urinary tract infections (UTIs) are common, affecting
both sexes, with highest prevalence in females between
the ages of 15 and 29 years [1]. Escherichia coli are
the most common cause of UTIs, followed by other
Enterobacteriaceae, streptococci, staphylococci and
yeasts [1]. Enterobacteriaceae have a range of intrinsic
and acquired resistance mechanisms spanning
multiple antibiotic classes. In particular, genes en-
coding extended-spectrum β-lactamases (ESBLs),
such as TEM, SHV and CTX-M, are common in

Enterobacteriaceae. Genes encoding ESBLs are car-
ried by mobile genetic elements, commonly plasmids,
and as such, may be associated with the carriage
of resistance genes for other classes of antibiotic
(e.g. aminoglycosides and fluoroquinolones), making
treatment of infection difficult [2]. In the advent and
spread of ESBL-producing Enterobacteriaceae with
co-resistance to fluoroquinolones and aminglycosides,
carbapenem agents are commonly used. Worryingly,
resistance to carbapenem agents in Enterobacteria-
ceae, particularly Klebsiella spp., has steadily been
increasing in recent years [3]. Antibiotic resistance in
Enterobacteriaceae can change and spread rapidly.
For example, in England and Wales in the early
2000s, there was an unexpected increase in the number
of E. coli isolated from patients in the community that
were resistant to extended-spectrum cephalosporins [4].
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These isolates were found to be carrying CTX-M
genes, which have spread rapidly within Enterobacter-
iaceae and are now the most common cause of resist-
ance to extended-spectrum cephalosporins and
monobactams [5].

The antibiotic susceptibilities of organisms iso-
lated from urine are often reported from selected pa-
tient groups, usually hospital in-patients, and/or
collections of bacteria that are known to be resistant
[6, 7]. National and international surveillance schemes
include Enterobacteriaceae; however, these mostly
concentrate on the susceptibility of isolates identified
from blood cultures or sterile sites [8, 9]. Data relating
to the antibiotic susceptibilities of large cohorts of
Enterobacteriaceae isolated from urine collected in
the community setting are scarce. A standardized
approach to prospective surveillance is required to
obtain comparable results from multiple centres. In
2010 the Health Protection Agency (HPA) initiated
a national surveillance scheme to address this
lack of data, comprising multiple centres around
England (Birmingham, Leeds, London, Manchester,
Southampton). The work presented here reports
2 years of susceptibility testing of Enterobacteriaceae
isolated from urine samples collected from com-
munity patients of the Leeds and Bradford metropoli-
tan area, which has a population of approximately
2·3 million.

All urine samples sent for routine microbiology
testing between February 2010 and March 2012
from General Practitioner (GP) surgeries in the
Leeds and Bradford area were included in the surveil-
lance (n=215354). Samples were collected in 20-ml
sterile universal tubes containing boric acid (Thermo
Scientific, UK) and 6–8 ml were loaded onto an auto-
mated urine analyser (UF100™, Sysmex Corp.,
Japan), to enumerate red and white blood cells, squa-
mous epithelial cells, and bacterial numbers. Positive
samples (white cell count >40/μl and or >8000
bacterial cells/μl) were then inoculated onto various
culture media, including chromogenic agar (Mast
Group Ltd, England), using a multipoint inoculator
and after 18–24 h incubation, bacterial growth was
read using an automated plate reader (Mast Group
Ltd). Indole-positive colonies on the chromogenic
agar were presumed to be E. coli and were progressed
to susceptibility testing without further identification.
Colonies with blue/green or brown colouration
were subjected to further identification and suscepti-
bility testing. Each week about 10% of all isolates
were subcultured from the chromogenic agar onto

cystine-lactose-electrolyte deficient (CLED) agar as a
check for purity.

Identification and susceptibility tests were per-
formed on the VITEK® 2 (bioMérieux, France) sys-
tem with a 0·5 McFarland suspension of the isolate
under test. GN-ID cards were used for identification
and AST-N054 (February–March 2010) and
AST-N144 cards (March 2010 onwards) were used
for antimicrobial susceptibility testing. Susceptibility
to the following antibiotics was tested: amikacin
(AST-N054 only), ampicillin, amoxicillin/clavulanic
acid, aztreonam (AST-N054 only), cefalexin, cefe-
pime, cefotaxime, ceftazidime, cefoxitin, cefuroxime,
ciprofloxacin, ertapenem, fosfomycin (AST-N144
only), gentamicin, meropenem, nalidixic acid, nitro-
furantoin, piperacillin, piperacillin/tazobactam, temo-
cillin (AST-N144 only), tobramycin (AST-N054 only)
and trimethoprim. European Committee on Anti-
microbial Susceptibility Testing (EUCAST) break-
points were used by VITEK 2 for the interpretation
of susceptibility results.

Between February 2010 and March 2012, 6614
isolates were tested and identified as follows: E. coli
(n=5436), Klebsiella spp. (K. pneumoniae, n=434;
K. oxytoca, n=91), Proteus mirabilis (n=305), plus
15 other species of Enterobacteriaceae (n=308), com-
prising the genera Enterobacter (n=108), Citrobacter
(n=97), Morganella (n=28), Serratia (n=22),
Raoultella (n=12), other Proteus (n=6), other
Escherichia (n=3), Kluyvera (n=3), Shigella (n=3),
Pantoea (n=2), Providencia (n=2) and a single isolate
of each of the following: Cedeca davisae, Delftia
acidovorans, Hafnia alvei and Salmonella enteritidis.
Fifty-eight isolates could not be identified using the
VITEK 2 analyser. Figure 1 shows the average pro-
portion of E. coli, Klebsiella spp., and P. mirabilis
with non-susceptibility to the antibiotics tested.
Results of antibiotic susceptibilities presented per
quarterly period are provided as Supplementary
material (available online). The analysis excluded
cefoxitin, which is not used for treatment of UTIs,
carbapenems, which had levels of non-susceptibility
<1%, and piperacillin/tazobactam following advice
from the manufacturer of the AST cards (bio-
Mérieux, France).

Of the Enterobacteriaceae isolates, 53% E. coli
and 28% P. mirabilis were resistant to ampicillin;
34% E. coli and 37% P. mirabilis were non-susceptible
to trimethoprim compared to 20% of Klebsiella
spp. Nitrofurantoin resistance was observed in 3%
E. coli and 15% Klebsiella spp. Non-susceptibility to
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third-generation cephalosporins, ciprofloxacin and
gentamicin in all three groups of Enterobacteriaceae
was <10%. Non-susceptibility to ertapenem and
meropenem was low (<1%) for E. coli, Klebsiella
spp. and P. mirabilis, as was non-susceptibility to
cefipime (<2%). The susceptibility of E. coli or
Klebsiella spp. remained unchanged during the study
period (Supplementary Figs S1 and S2); however,
notable changes in antibiotic susceptibility were
observed in P. mirabilis (Supplementary Fig. S3).
Ampicillin resistance in P. mirabilis increased from
20% (February–March 2010) to 43% (April–June
2011) but returned to 21% by January–March 2012
(Supplementary Fig. S3). Resistance to amoxicillin/
clavulanic acid in P. mirabilis also increased (5%
February–March 2010 vs. 18% January–March
2012) (Supplementary Fig. S2). According to the
Advanced Expert System (AES) of the VITEK 2
analyser, 5% (n=279) E. coli were inferred to have
an ESBL phenotype compared to 15% (n=81)
Klebsiella spp. and 2% (n=5) P. mirabilis.
Eighty-one (1·5%) E. coli isolates were inferred to
have an AmpC phenotype (either increased chromo-
somal AmpC cephalosporinase or an acquired
AmpC). An inhibitor-resistant TEM β-lactamase
phenotype was inferred in 2·5% (n=139) E. coli,
0·6% (n=3) Klebsiella and 2·4% (n=7) P. mirabilis.
Fifty-three percent of E. coli inferred as having an

ESBL phenotype were also resistant to ciprofloxacin
compared to 7% E. coli without an ESBL phenotype.

Twenty-eight isolates had an ertapenem minimum
inhibitoty concentration (MIC) >1mg/l and/or a mer-
openem MIC >4mg/l and were interpreted as non-
susceptible to carbapenem agents (E. coli, n=16;
K. pneumoniae, n=5; Enterobacter spp., n=4 and
one of each of the following P. mirabilis,
S. fonticola, C. freundii). According to AES, 11 of
these isolates had an inconsistent phenotype and
were excluded from analysis. Low-level ertapenem
(MIC values between 2 and 4mg/ml) resistance was
observed in the isolates of P. mirabilis and
Enterobacter spp., which is an expected phenotype
probably due to the presence of AmpC and impermea-
bility changes [3]. The isolates of E. coli and K.
pneumoniae were identified by VITEK 2 to have
ESBLs plus impermeability changes. Confirmation
of resistance mechanisms or further characterization
of isolates was not done.

This study has tested the susceptibility of a large
number of Enterobacteriaceae identified from the
urine samples of a non-selected population, over a
2-year period using an automated, standardized
method. Due to differences in study population,
methodology and/or panels of antibiotic agents used
for testing, comparison of antibiotic susceptibility
data from uropathogens is not straightforward.
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Fig. 1. Average quarterly values of antibiotic susceptibilities of Escherichia coli (n=5436), Klebsiella spp. (n=525), and
Proteus mirabilis (n=305), February 2010 to March 2012.
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In addition, sampling bias is likely given that only the
patients with the most serious and persistent UTIs will
have a urine sample referred for microbiology investi-
gation. Three other pieces of work from around the
UK are available which provide a suitable compari-
son for the present study [10–12]. Rates of non-
susceptibility of E. coli and Klebsiella spp. found
here are comparable with these studies for the anti-
biotics tested (ampicillin, amoxicillin/clavulanic acid,
trimethoprim, ciprofloxacin, nitrofurantoin); however,
an important difference is noted in the prevalence of
amoxicillin/clavulanic acid resistance in P. mirabilis.
Farrell et al. [11] reported P. mirabilis collected
between 1999 and 2000 with 3·2% resistance to amox-
icillin/clavulanic acid, which is in marked contrast to
the present study and similar surveillance in Wales
which recorded ∼16% resistance for this drug species
combination [12]. No such increase in amoxicillin/
clavulanic acid resistance was identified in isolates
of E. coli but it should be noted that difference in sus-
ceptibility between these studies may be due to the
method or breakpoints used by each centre.

Surveillance of the antibiotic susceptibilities of
Enterobacteriaceae isolated from community urine
samples is important in order to monitor for changes
in resistance to the commonly used empirical anti-
biotics. Many patients who present to GPs with a sus-
pected uncomplicated UTI are treated with empirical
therapy. In the UK, this is most commonly trimetho-
prim or nitrofurantoin and urine samples are not rou-
tinely sent for microbiological investigation [13]. This
study identified that >30% E. coli and P. mirabilis
were non-susceptible to trimethoprim, whereas rates
of resistance to nitrofurantoin were less frequent (3%
E. coli and 15% Klebsiella spp., respectively). What
is not known is how closely these non-susceptibility
rates correlate with clinical failure rates of empirical
antimicrobial therapy which result in patients requir-
ing further visits to their GP, additional second-line
therapies and further investigation. While the preva-
lence of patients with ESBL- and AmpC-producing
E. coli may appear low (5% and 1·5%, respectively),
UTIs with this organism are so common that the
absolute figure of community-based patients experienc-
ing UTI with one of these strains across the UK will
be high. These strains are often resistant to other
agents (e.g. fluoroquinolones), which limits the num-
ber of therapeutic options available to GPs. Failure
to successfully treat a UTI provides an opportunity
for bacteria to persist and cause a more serious infec-
tion, such as a bacteraemia. Could this failure to treat

be contributing to the marked increase in reports of
E. coli bacteraemia in England observed in recent
years?

Changes to prescribing policies in the primary-care
setting have occurred over the past few years. For
instance, the use of ciprofloxacin and third-generation
cephalosporins has been discouraged in order to
reduce the rates of Clostridium difficile infection
[14]. This study showed that rates of resistance to
ciprofloxacin and third-generation cephalosporins
remain low (<10%) and although rates of non-
susceptibility to trimethoprim (34%, 37% and 20%
for E. coli, P. mirabilis and Klebsiella spp., respect-
ively) and nitrofurantoin (3% and 15% for E. coli
and Klebsiella spp., respectively) are higher, there
was no sustained increase in resistance to these com-
monly used empirical agents during the study period.

Despite the large numbers of Enterobacteriaceae
tested here, the sample represents only 10% of the
total Enterobacteriaceae identified from urine
samples; testing more isolates may increase the num-
ber of isolates with resistant phenotypes. However,
urine sampling in the community setting; is known
to be biased towards cases where resistant uropatho-
gens are more likely [15]. It was not possible to com-
pare the susceptibility profiles of bacteria collected
from different demographic (i.e. male/female or age
related) or clinical groups as information about the
patients was not collected. Nevertheless, our data rep-
resent a contemporaneous picture of the antibiotic
susceptibilities of Enterobacteriaceae collected from
urine samples taken from community patients in a
large metropolitan area in England over a 2-year
period. It is reassuring that no sustained changes in
antimicrobial susceptibility were observed during the
2-year study period, which is admittedly relatively
short in ecological terms; however, further surveil-
lance is required to monitor for the emergence of
resistance in Enterobacteriaceae. As E. coli is a com-
mon cause of UTI, emergence of resistance would
make treating such infections, particularly in the com-
munity, a serious challenge. Additional clinical studies
are required to understand the impact that a change in
susceptibility may have on the outcome of current
empirical prescribing decisions.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0950268813000988.
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