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Summary

BACKGROUND: Antimicrobial resistance data from sur-
veillance networks are frequently do not accurately predict
resistance patterns of urinary tract infections at the bed-
side.

OBJECTIVE: To determine simple patient- and institution-
related risk factors affecting antimicrobial resistance pat-
terns of Escherichia coli urine isolates.

METHODS: From January 2012 to May 2015 all con-
secutive urine samples with significant growth of E. coli
(≥103 CFU/ml) obtained from a tertiary care hospital were
analysed for antimicrobial susceptibility and related to ba-
sic clinical data such a patient age, ward, sample type
(catheter vs non-catheter urine).

RESULTS: Antimicrobial susceptibility testing was avail-
able for 5246 E. coli urine isolates from 4870 patients. E.
coli was most commonly resistant to amoxicillin (43.1%),
cotrimoxazole (24.5%) and ciprofloxacin (17.4%). Resis-
tance rates were low for meropenem (0.0%), fosfomycin
(0.9%) and nitrofurantoin (1.5%). Significantly higher rates
of resistance to ciprofloxacin (32.8 vs 15.8%) and cotri-
moxazole (30.6 vs 23.9%) were found in urological pa-
tients compared with patients on other wards (p <0.01).
In multivariable analysis, predictors for E. coli resistance
against ciprofloxacin and cotrimoxazole were: treatment
in the urological unit (odds ratio [OR] 2.04, 95% con-
fidence interval [CI] 1.63–2.54; p <0.001 and OR 1.33,
95% CI 1.07–1.64; p = 0.010, respectively), male sex (OR
1.93, 95% CI 1.630–2.29; p <0.001 and OR 1.22, 95% CI
1.22-1.04; p = 0.015), and only to a lesser extent urine
samples obtained from indwelling catheters (OR 1.30,
95% CI 1.05–1.61; p = 0.014 and OR 1.26, 95% CI
1.04–1.53; p = 0.020). Age ≥65 years was associated
with higher resistance to ciprofloxacin (OR 1.42, 95% CI
1.21–1.67; p <0.001), but lower resistance to cotrimoxa-
zole (OR 0.76, 95% CI 0.67-0.86; p <0.001).

CONCLUSIONS: Simple bedside patient data such as
age, sex and treating hospital unit help to predict antimi-
crobial resistance and can improve the empirical treatment
of urinary tract infections.
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Introduction

Urinary tract infections (UTIs) are very common both in
the community and healthcare settings. The most common
pathogen isolated is Escherichia coli: it accounts for
70–90% of uncomplicated and 50–60% of recurrent or
complicated infections [1, 2]. Appropriate empirical antibi-
otic treatment of UTIs is important for successful outcome
and preventing complications. However, antimicrobial re-
sistance to antibiotics commonly used against E. coli has
emerged worldwide and has converted UTIs into infectious
diseases challenging to treat [3–5].

The recently published US and European guidelines rec-
ommend empirical treatment of UTIs based on ongoing
surveillance of local resistance rates of uropathogens [6].
However, common surveillance networks provide cumula-
tive resistance rates, which give only a rough estimate of
the local resistance situation and may not predict E. coli
resistance patterns on different wards of an institution or
even on an individual level. Only a few studies have in-
vestigated the role of demographic and host-related fac-
tors in colonisation or infection with resistant urinary tract
pathogens, and these have had inconclusive results [3,
7–11].

The aim of our study was to determine bedside-available
patient- and institution-related risk factors impacting on
antimicrobial resistance of E. coli urine isolates in Switzer-
land to improve appropriate empirical antibiotic treatment
of UTIs.
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Materials and methods

The study was approved by the local ethics committee as
part of the continuous quality improvement programme.

Study setting and design
The University Hospital Basel is a 865-bed tertiary acade-
mic care centre in Switzerland with an average of 38,000
hospital admissions per year and around 90,000 urine sam-
ples processed at the Clinical Microbiology Laboratory in
the years 2012 to 2015.

For our study, all consecutive urine samples from in- and
outpatients collected at the University Hospital Basel from
1 January 2012 until 31 May 2015 with growth of E. coli
(≥103 colony forming units [CFU]/ml) and antimicrobial
susceptibility testing were included. Urine samples came
from patients with asymptomatic bacteriuria as well as
from patients with UTIs.

Serial urine samples from the same patient within 1 year,
samples from patients in the dialysis and haematological
outpatient unit, from paediatric patients aged <15 years,
samples with polymicrobial flora (>2 pathogens without
a dominant microorganism) and specimens from external
clinics were excluded from the study.

Urine cultures were performed according to standard lab-
oratory procedures [12]. The antimicrobial susceptibility
was tested using Vitek 2 automated system (bioMérieux)
or Etest (bioMérieux). Non-susceptible, in the following
termed “resistant”, was defined as being resistant or inter-
mediate according to EUCAST clinical breakpoints ver-
sion 2.0-5.0.

Definitions
An outpatient urine sample was defined as a specimen
that was collected in one of the various outpatient clinics
(emergency room, or internal medicine, surgical, gynaeco-
logical or urological outpatient units) or from hospitalised
patients when obtained within the first 2 days after admis-
sion. The remaining urine samples were considered as in-
patient samples.

Hospital units were grouped as follows: (1) medicine – in-
patient wards of internal medicine, geriatrics, neurology,
oncology, radiooncology; (2) surgery – inpatient wards
of all surgical disciplines except gynaecolgy and urology;
(3) gynecology – all inpatient gynecological and obstetric
wards and the gynecological outpatient unit; (4) intensive
care units – medical and surgical intensive care units and
intermediate care unit; (5) haematology – inpatient haema-
tology isolation unit; (6) urology – urology in- and outpa-
tient units; (7) outpatient units – all outpatient units such
as the emergency room, internal medicine and surgical out-
patient units (except gynaecology and urology outpatient
units).

Data analysis, statistical methods and ethical consider-
ations
Demographic, clinical and micobiological data were col-
lected from the computerised database of the Microbiology
Laboratory and the Division of Infectious Diseases and
Hospital Epidemiology. Inhospital antibiotic consumption
data were estimated by defined daily doses (DDDs) per
100 patient-days.

The antimicrobial susceptibility results of E. coli were
stratified by age, sex, location (in-/outpatient), hospital
unit (e.g., medicine, surgery, urology) of urine sampling,
and type of urine collection (indwelling catheter, single-
use catheter or midstream).

Univariable analysis was performed using the chi-squared
test for binary data and Mann-Whitney U-test for contin-
uous variables. Multivariable analysis was performed us-
ing logistic regression. The results were reported as odds
ratios (ORs) and 95% confidence intervals (CIs). A p-val-
ue <0.05 was considered statistically significant. Statistical
analysis was done by IBM SPSS Statistics for Windows,
Version 21.0 (Armonk, NY, USA).

Results

During the study period, 20,789 microorganisms (polymi-
crobial flora excluded) were detected in 18,413 urine sam-
ples from 10,887 patients (fig. 1). E. coli accounted for
35.4% of these microorganisms. In 5246 urine specimens
from 4870 patients with detection of E. coli, antimicrobial
susceptibility testing was available and fully analysable
(fig. 1).

The mean age of the patients was 64.1 years (standard de-
viation [SD] 21.6). Urine specimens were mainly obtained
from female patients (80.0%) and outpatients (78.2%).
Specimens were clean-catch midstream urine in 59.4%,
from single-use catheterisation in 12.9%, from indwelling
catheters in 12.3% and from urine of unknown origin in
15.3% (table 1). Compared with urine samples from fe-
male patients, samples from males more frequently came
from elderly patients ≥65 years, outpatients, surgical and
urological units, and from indwelling catheters (all p
<0.05, table 1).

Resistance rates were highest for amoxicillin (43.1%), fol-
lowed by trimethoprim-sulfamethoxazole (cotrimoxazole,
24.5%) and ciprofloxacin (17.4%), and lowest for
meropenem (0.0%), fosfomycin (0.9%) and nitrofurantoin
(1.5%) (table 2). Extended spectrum beta-lactamases were
found in 5.4% of the E. coli. No carbapenemase-producing
E. coli isolates were detected.

Compared with female patients, Males showed up to 2-fold
higher resistance rates for all antibiotics except for fos-
fomycin and meropenem (table 2 and fig. 2a). The highest
resistence rates were documented for ciprofloxacin (OR
1.93, 95% CI 1.73–2.17), followed by amikacin (OR 1.90,
95% CI 1.45–2.47), piperacillin-tazobactam (OR 1.68,
95% CI 1.36–2.06) and cefepime (OR 1.67, 95% CI
1.38–2.03), amoxicillin-clavulanic acid (OR 1.58, 95% CI
1.39–1.79) and ceftriaxone OR 1.56, 95% CI 1.30–1.86)
and cotrimoxazole (OR 1.23, 95% CI 1.09–1.38).

In patients ≥65 years, resistance rates for ciprofloxacin and
nitrofurantoin were significantly higher than those in pa-
tients <65 years old (OR 1.18, 95% CI 1.12–1.24; p <0.001
and OR 1.21, 95% CI 1.05–1.39; p = 0.03, respectively),
whereas resistance rates for amoxicillin (OR 0.93, 95% CI
0.90–0.99; p = 0.012) and cotrimoxazole (OR 0.91, 95%
CI 0.86–0.96; p <0.001) were significantly lower. For the
other antibiotics, no difference could be found between
these age groups.

After results were stratified into 10-year age intervals, an-
timicrobial resistance to beta-lactam antibiotics, cotrimox-
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Figure 1: Study overview.AST = antimicrobial susceptibility testingPolymicrobial flora: >2 pathogens without a predominant microorgan-
ismUrine samples submitted from the dialysis and hematological outpatient unit were excluded.

Table 1: Baseline characteristics of all E. coli urine samples with available atimicrobial susceptibility testing resuots (n = 5246).

Male Female All p-value

Total E. coli isolates (n, %) 1049 20.0% 4197 80.0% 5246 100% p <0.001

Patient age years (mean, SD) 68.6 15.5 63.0 22.8 64.1 21.6 p <0.001†

Age ≥65 years (n, %) 706 67.3% 2407 57.4% 3113 59.3% p <0.001

Type of urine sample (n, %)

Indwelling catheter 221 21.1% 423 10.1% 644 12.3% p <0.001

Single-use catheter 96 9.2% 583 13.9% 679 12.9%

Midstream urine 546 52.0% 2572 61.3% 3118 59.4%

Unknown origin 186 17.7% 619 14.7% 805 15.3%

Location of urine sampling (n, %)

Outpatients 847 80.7% 3256 77.6% 4103 78.2% p = 0.026

Inpatients 202 19.3% 941 22.4% 1143 21.8%

Hospital unit of urine sampling* (n, %)

Medicine 145 13.8% 538 12.8% 683 13.0% p = 0.386

Surgery 156 14.9% 514 12.2% 670 12.8% p = 0.023

Gynaecology 4 0.4% 1074 25.6% 1078 20.5% na

Intensive care units 31 3.0% 161 3.8% 192 3.7% p = 0.174

Haematology 3 0.3% 22 0.5% 25 0.5% p = 0.453

Urology 278 26.5% 228 5.4% 506 9.6% p <0.0001

Outpatient units 432 41.2% 1660 39.6% 2092 39.9% p = 0.335

Sample distribution by year

2012 221 4.2% 904 17.2% 1125 21.4% p <0.001

2013 362 6.9% 1338 25.5% 1700 32.4%

2014 337 6.4% 1385 26.4% 1722 32.8%

2015 (until 31 May 2015) 129 2.5% 570 10.9% 699 13.3%

SD = standard deviation The p-values refer to comparison between male and female; na, not applicable * Medicine: all internal medicine inpatient units inlcuding geriatrics, neurol-
ogy, oncology, radio-oncology; surgery: all surgical inpatient units except gynaecolgy and urology; gynaecology: all gynecological and obstetric in- and outpatient units; intensive
care units: medical and surgcial intensive care units, intermediate care unit; hematology: haematological isolation unit; urology: urological in- and outpatient unit; outpatient units:
all outpatient units like emergency department, surgcial and internal medicine outpatient unit, excluded are gynaecological and urological outpatient units † Student t-test
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azole and ciprofloxacin was highest between the ages of 50
and 79 years, and significantly decreased in patients aged
≥80 years except for ciprofloxacin (p <0.01). For other an-
tibiotics such as meropenem, amikacin, nitrofurantoin and
fosfomycin, no significant differences between these age
groups were found (table 2 and fig. 3).

The antimicrobial susceptibility profiles differed between
hospital units except for piperacillin-tazobactam, nitrofu-
rantoin and fosfomycin (table 2). E. coli from the urology

unit showed significantly higher resistance rates for most
of the antibiotics compared with isolates from other hos-
pital units, in particular for amoxicillin (53.5% resistant in
the urology unit, OR 1.52, 95% CI 1.52–1.80; p <0.001),
ciprofloxacin (32.8%, OR 2.31, 95% CI 1.95–2.75; p
<0.001) and cotrimoxazole (30.6%, OR 1.36, 95% CI
1.14–1.62; p = 0.001) (table 2 and figure 1b). E. coli from
gynaecological in- and outpatients had the lowest resis-
tance rates compared with other hospital units (table 2).

Table 2: Percentage of E. coli resistant to different antibiotics cummulative and stratified by gender, age, location, hospital unit, type of urine specimen and quantification.

Amoxicillin Amoxicillin-
clavulanic

acid

Piperacillin-
tazobactam

Ceftriaxone Cefepime Meropenem Ciprofloxacin Cotrimoxazole Nitrofurantoin Amikacin Fosfomycin All sam-
ples
(n/%)

n = 5235 n = 5241 n = 5171 n = 5246 n = 5244 n = 5246 n = 5233 n = 5245 n = 5231 n = 5233 n = 5232 n = 5246

All samples 43.2% 15.5% 3.9% 5.8%* 4.4% 0.0% 17.4% 24.5% 1.5% 1.8% 0.9% 5246/
100%

Gender <0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 0.001 0.006 <0.001 ns 5246/
100%

Male 54.0% 22.4% 6.4% 8.7% 7.1% 0.0% 29.0% 28.5% 2.4% 3.3% 1.1% 1049/
20.0%

Female 40.6% 13.8% 3.3% 5.0% 3.7% 0.0% 14.5% 23.5% 1.2% 1.4% 0.9% 4197/
80.0%

Age (years) <0.001 0.002 0.024 <0.001 <0.001 ns <0.001 <0.001 ns ns ns 5246/
100%

15–29 45.8% 14.7% 3.0% 3.9% 3.4% 0.0% 10.4% 27.6% 0.9% 1.1% 0.7% 536/
10.2%

30–39 40.7% 12.8% 2.6% 4.1% 3.7% 0.0% 10.0% 23.3% 1.1% 2.2% 0.9% 460/
8.8%

40–49 42.8% 16.7% 4.4% 4.8% 3.6% 0.0% 11.8% 25.6% .5% 1.2% 1.0% 414/
7.9%

50–59 48.9% 18.7% 4.1% 8.8% 6.2% 0.0% 20.0% 29.5% 1.3% 2.8% 1.1% 465/
8.9%

60–69 46.8% 17.9% 6.2% 8.2% 6.6% 0.0% 19.4% 30.4% 1.7% 2.0% 0.6% 649/
12.4%

70–79 45.5% 17.5% 4.2% 7.2% 5.6% 0.0% 21.9% 24.6% 2.0% 1.9% 1.2% 1107/
21.1%

≥80 38.7% 13.0% 3.3% 4.2% 2.9% 0.0% 18.7% 19.8% 1.6% 1.6% 0.9% 1615/
30.8%

Age (years) 0.012 ns ns ns ns ns <0.001 <0.001 0.029 ns ns 5246/
100%

<65 45.4% 15.8% 3.8% 5.7% 4.5% 0.0% 13.8% 27.1% 1.0% 1.7% 0.8% 2133/
40.7%

≥65 41.8% 15.3% 4.0% 5.8% 4.3% 0.0% 19.9% 22.8% 1.8% 1.8% 1.0% 3113/
59.3%

Location ns ns ns 0.041 ns ns ns ns ns ns ns 5246/
100%

Outpatients 43.0% 15.2% 3.8% 5.4% 4.2% 0.0% 17.4% 24.7% 1.5% 1.9% 1.0% 4103/
78.2%

Inpatients 44.1% 16.6% 4.3% 7.0% 5.3% 0.0% 17.5% 24.0% 1.4% 1.3% 0.8% 1143/
21.8%

Hospital unit <0.001 0.003 ns 0.001 0.001 ns <0.001 0.001 0.030 0.014 ns 5246/
100%

Urology 53.8% 20.0% 4.8% 9.1% 7.3% 0.0% 32.8% 30.6% 2.6% 3.2% 0.9% 506/
9.6%

All others† 42.1% 15.0% 3.8% 5.4% 4.1% 0.0% 15.8% 23.9% 1.4% 1.6% 1.2% 4740/
90.4%

Hospital unit 0.006 <0.001 0.009 0.005 0.001 ns <0.001 ns ns 0.017 ns 5246/
100%

Gynaecology 39.6% 12.1% 2.5% 4.0% 2.5% 0.0% 12.2% 23.5% 1.0% 0.9% 1.4% 1074/
20.5%

All others‡ 44.2% 16.4% 4.3% 6.2% 4.9% 0.0% 18.8% 24.8% 1.6% 2.0% 0.8% 4161/
79.5%

Type 0.005 ns ns 0.05 ns ns <0.001 0.034 ns ns ns 5246/
100%

Indwelling
catheter

48.4% 17.9% 5.2% 7.4% 5.6% 0.0% 23.6% 27.9% 1.5% 2.2% 0.9% 645/
12.3%

All others§ 42.6% 15.2% 3.7% 5.5% 4.2% 0.0% 16.6% 24.1% 1.4% 1.7% 0.9% 4602/
87.7

* In total 283 (5.4%) E. coli produced extended spectrum beta-lactamases † Medicine, surgery, gynaecology, intensive care unit, outpatient units ‡ Medicine, surgery, urology,
intensive care unit, outpatient units § all others: include midstream urines, single-use catheter urines and urines of unknown origin p-values in italics; ns = not significant (p ≥0.05)
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Overall, E. coli isolates in urine collected from indwelling
catheters showed generally higher resistance rates com-
pared with those taken after single-use catheterisation,
midstream urine specimens and urine of unknown origin
together. However, these differences were only significant
for amoxicillin, ciprofloxacin and cotrimoxazole (table 2
and fig. 1c).

The antimicrobial susceptibility pattern did not differ sig-
nificantly between in- and outpatient urine samples, except
for ceftriaxone (table 2 and fig. 1d).

Multivariable analysis was performed to identify indepen-
dent associations with resistance against the commonly
used oral antibiotics amoxicillin-clavulanic acid,
ciprofloxacin and cotrimoxazole. Male gender, age
≥65years, indwelling catheters and urine samples from the
urological unit were independently associated with resis-
tance to ciprofloxacin (table 3). Similarly, resistance to
cotrimoxazole was significantly associated with male gen-
der, urine from indwelling catheters and sample collection
from the urological unit, but age ≥65years was predictive
for lower resistance. For amoxicillin-clavulanic acid only
male gender was associated with resistance.

Analyses of this kind may be confounded by changes in the
overall antibiotic consumption in our institution during the
study period. However, consumption (expressed in DDDs
per 100 patient-days) in the urological inpatient unit was

similar to that of the whole hospital for all antibiotics
(55.2 and 52.0, respectively) and for the fluoroquinolones
(4.5 and 4.5); higher for amoxicillin-clavulanic acid (23.2
and 15.7) and for broad-spectrum antibiotics (piperacillin-
tazobactam, cefepime, carbapenems: 17.2 and 10.0); and
lower for the first to third generation cephalosporins (3.5
and 8.4) and cotrimoxazole (0.2 and 0.7).

Discussion

Antimicrobial susceptibility patterns of E. coli are influ-
enced by many factors and vary considerably in different
parts of the world [3–5, 13]. Cumulative resistance data
from national and local antimicrobial surveillance net-
works are used to develop local prescribing guidelines, but
they do not take individual patient factors into account.

Our study did not intend to search for new risk factors
by using exhaustive clinical and microbiological data, but
to find readily available bedside clinical data to optimise
empirical antimicrobial therapy for suspected UTI. In our
study we could demonstrate that simple demographic and
patient characteristics further helped in predicting antimi-
crobial resistance of urinary tract E. coli isolates. For most
of the analysed antibiotics, male, middle-aged and urolog-
ical patients showed higher resistance rates, whereas in-
dwelling urinary tract catheters and hospitalisation seemed
to have worsening influence on antimicrobial resistance.

Figure 2: E. coli resistance to various antibiotics stratified for gender, hospital unit, type and location of urine sampling(a) E. coli resistance to
various antibiotics stratified by gender(b) E. coli resistance to various antibiotics stratified by urological versus other hospital units: urology in-
cludes all urine samples from urological in- and outpatients; all other wards include all other nonurological hospital units (medicine, surgery,
gynecology, intensive care unit, haematology, outpatient units). Ciprofloxacin had the highest (odds ration [OR] 2.3, 95% confidence interval
[CI] 1.95–2.75), followed by cefepime (OR 1.71, 95% CI 1.16–2.22), ceftriaxone (OR 1.64, 95% CI 1.24–2.17) and amoxicillin (OR 1.52, 95%
CI 1.52–1.80), all p ≤0.001.(c) E. coli resistance to various antibiotics stratified by urine samples from indwelling catheters versus all others: all
others inlcude midstream urine, single-use catheter urine and urine of unknown origin.(d) E. coli resistance to various antibiotics stratified by
in-/outpatients: no significant difference between in- and outpatients for all antibiotics (p ≥0.05)y-axis: percentage of resistance* significant dif-
ference with p <0.05
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Figure 3: E. coli resistance to various antibiotics stratified by age.y-axis: percentage of resistanceResistance of most antibiotics peaked be-
tween the ages of 50 and 79 years (area between dotted lines).

Table 3: Uni- and multivariable analysis of risk factors for E. coli resistance to commonly used antimicrobial agents.

Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

Ciprofloxacin

Male gender 2.40 (2.05–2.81) <0.001 1.93 (1.630–2.29) <0.001

Age ≥65 years 1.54 (1.33–1.80) <0.001 1.42 (1.21–1.67) <0.001

Indwelling catheter 1.55 (1.27–1.89) <0.001 1.30 (1.05–1.61) 0.014

Inpatient 1.01 (0.85–1.20) 0.940 1.04 (0.86–1.25) 0.687

Urological ward 2.60 (2.13–3.18) <0.001 2.04 (1.63–2.54) <0.001

Cotrimoxazole

Male gender 1.30 (1.11–1.51) 0.001 1.22 (1.22–1.04) 0.015

Age ≥65 years 0.79 (0.70–0.90) <0.001 0.76 (0.67–0.86) <0.001

Indwelling catheter 1.22 (1.02–1.47) 0.034 1.26 (1.04–1.53) 0.020

Inpatient 0.96 (0.83–1.12) 0.615 1.00 (0.85–1.18) 0.950

Urological ward 1.41 (1.15–1.72) 0.001 1.33 (1.07–1.64) 0.010

Amoxicilln-clavulanic acid

Male gender 1.81 (1.53–2.15) <0.001 1.76 (1.47–2.11) <0.001

Age ≥65 years 0.97 (0.83–1.13) 0.682 0.90 (0.77–1.05) 0.194

Indwelling catheter 1.22 (0.98–1.51) 0.076 1.08 (0.86–1.36) 0.508

Inpatient 1.11 (0.93–1.33) 0.241 1.16 (0.96–1.41) 0.118

Urological ward 1.42 (1.12–1.79) 0.003 1.18 (0.92–1.51) 0.196

CI = confidence interval; OR = odds ratio

We found overall high resistance rates for the commonly
used oral antibiotics, such as amoxicillin (43.2%), cotri-
moxazole (24.5%), ciprofloxacin (17.4%) and amoxicillin-
clavulanic acid (15.5%), whereas resistance remained low
for nitrofurantoin and fosfomycin (≤1.5%).

The high rates of resistance to ciprofloxacin (17.4%) and
cotrimoxazole (24.5%), two of the oral antibiotics most
commonly prescribed to treat UTIs, are of particular con-
cern since they exceeded the IDSA cut-offs of 10 and
20%, respectively [6], above which empirical use of fluo-
roquinolones and cotrimoxazole in the treatment of UTIs

is no longer recommended. For both antibiotics we ob-
served a steady increase of resistant E. coli urine isolates
in our institution from 2007 up to the current study period
of 2012 to 2015, from 15.9 to 17.4% for ciprofloxacin and
21.3 to 24.5% for cotrimoxazole [9]. The increasing fluo-
roquinolone resistance in urinary tract E. coli isolates has
been described in many reports and is explained by their
widespread use [14–16]. Interestingly, at our institution,
including the urological unit, fluoroquinolone consump-
tion is rather low and has even decreased from 6.4 DDD/
100 patient-days in 2008 [9] to 4.5 DDD/100 patient-days
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in 2012–2015. On a national level, overall antibiotic use
in Switzerland is low compared with other European coun-
tries [17]; however, fluoroquinolone prescription, particu-
larly in the outpatient setting including urological patients,
is very high at 20.1% [18] of all antibiotics compared with
an average of 7.3% in the other European countries [19].
The widespread use of fluoroquinolones in the outpatient
setting may explain the comparable resistance rates in in-
and outpatients [20, 21] in our study as well as in the
Swiss national antimicrobial resistance surveillance data-
base ANRESIS [22] 2012 to 2014.

Various risk factors for antimicrobial resistance of urinary
tract E. coli isolates have been described, but remain to
some extent controversial. Advanced age, male sex, noso-
comial UTIs [20, 21, 23–25], an indwelling urinary tract
catheter and specimens from urological patients [26, 27]
have been described as associated with resistance mainly
to fluroquinolones [3, 7–10] [14] [28, 29].

In our study, male and urological patients, and to a lesser
extent patients with indwelling catheters, were indepen-
dent predictors for ciprofloxacin and cotrimoxazole resis-
tance. Remarkably, >30% of the E. coli from urological
patients were resistant to ciprofloxacin and cotrimoxazole.
A high resistance rate in urological patients was also de-
scribed in other studies [26, 27, 30, 31]. Explanations
might be the frequent use of fluoroquinolones for “pro-
longed” antibiotic prophylaxis in transurethral resection of
the prostate and other urological procedures, and the treat-
ment of UTIs, particularaly in males who may receive re-
peated and prolonged fluorochinolone therapy cycles for
susupected prostatitis [31]. Inadequate tissue penetration
of the antimicrobial agent with subinhibitory minimal in-
hibitory concentration (MIC) effects and prolonged thera-
py may predispose to the selection of more resistant mi-
croorganisms in male patients [7, 10, 30, 32–34].

Interestingly, advanced age ≥65 year was associated with
higher E. coli resistance to ciprofloxacin, whereas for cot-
rimoxazole resistance rates decreased in eldery patients.
These resistance trends for cotrimoxazole and
ciprofloxacin were already described at our institution in
2007 [9]. Of note, a reversing resistance trend could also
be observed for the beta-lactam antibiotics in patients ≥80
years. No age dependence was found for antibiotics with
a very low resistance rate, such as meropenem, amikacin,
fosfomycin and nitrofurantoin. Our observation is in con-
trast to many other studies in which age was associated
with higher resistance [14, 28]; however, these studies usu-
ally did not evaluate the resistance profile in very eldery
patient owing to the decrease sample size with increasing
age.

There are limitations of the study that should be men-
tioned. First, it was a single centre study at a tertiary care
hospital in Switzerland. Hospital and laboratory based sur-
veillance data of susceptibility patterns probably overes-
timate the antibiotic resistance rates, since clinicians may
treat uncomplicated UTIs empirically in the outpatient set-
ting without sending a urine sample to the laboratory. Cul-
tures are only performed if the patient fails to respond to
treatment, has recurrent episodes of UTI or has complicat-
ed UTI [35, 36].

Second, the retrospective design precluded collecting stan-
dardised clinical information on previous antibiotic treat-

ment, previous hospitalisations, catheter dwelling time or
whether urine samples came from patients with asympto-
matic bacteriuria, UTIs or even prostatitis. However, some
studies have found that the E. coli antimicrobial suscepti-
bility profile does not seem to differ greatly between pa-
tients with UTI and patients with colonisation only [9, 10,
15, 20]. In addition, the definition and clinical diagnosis of
a UTI is not clear cut, but microbiology results are unam-
biguous.

Third, misclassification may have influenced the results,
but because of the large sample size of over 5000 consec-
utive samples may not be sufficient to change the results
generated.

Strengths of our study are the large sample size, use of only
one isolate per patient per year to avoid selection bias of
more resistant E. coli, the very low loss of data from the
samples and the use of simple bedside clinical data.

In conclusion, using readily available bedside data from
patients and wards can improve the choice of appropriate
antimicrobial therapy in patients with suspected UTI, in
addition to the annual reports of the microbiology labora-
tory on antimicrobial resistance of pathogens isolated from
urine.
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