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Abstract General practitioners often have to manage
urinary tract infections (UTI) with probabilistic treat-
ments, although bacterial resistances are increasing.
Therefore, the French Society of Infectious Diseases
published new guidelines in 2014. The aim of this study
was to investigate the bacterial epidemiology of UTI in
the general population in primary care and analyse risk
factors for Escherichia coli resistance to antibiotics. A
cross-sectional study was conducted in 12 ambulatory
laboratories. Patients over 18 years of age coming for
urinalysis were included. Risk factors for UTI were col-
lected using a questionnaire and the laboratory records.
Bacteria meeting criteria for UTI were analysed. A pos-
itive urinalysis was found in 1119 patients, correspond-
ing to 1125 bacterial isolates. The bacterial species
were: E. coli (73 %), Enterococcus spp. (7 %),
Klebsiella spp. (6 %), Proteus spp. (4 %),
Staphylococcus spp. (3 %) and Pseudomonas spp.
(2 %). Regardless of the bacteria, the most common
resistance was that to co-trimoxazole: 27 % (95 % con-
fidence interval [CI]=[0.24; 0.30]), followed by
ofloxacin resistance: 16 % [0.14; 0.18]. Escherichia coli
resistances to co-trimoxazole, ofloxacin, cefixime,
nitrofurantoin and fosfomycin were, respectively,
25.5 % [0.23; 0.28], 17 % [0.14; 0.20], 5.6 % [0.04;
0.07], 2.2 % [0.01; 0.03] and 1.2 % [0.005; 0.02].
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Independent risk factors for E. coli resistance to
ofloxacin were age over 85 years (odds ratio
[OR]=3.08; [1.61; 5.87]) and a history of UTI in the
last 6 months (OR=2.34; [1.54; 3.52]). Our findings
support the guidelines recommending fluoroquinolone
sparing. The scarcity of E. coli resistance to fosfomycin
justifies its use as a first-line treatment in acute cystitis.
These results should be reassessed in a few years to
identify changes in the bacterial epidemiology of UTI.

Introduction

In the United Kingdom, during the 1991-2012 period,
bacterial resistance has led to a 12 % increase in anti-
biotic monotherapy failure in primary care, but urinary
tract infections (UTI) have not been studied [1]. The
ARESC France study on cystitis conducted in primary
care has found that 83.8 % of resistances were related
to Escherichia coli, 4.3 % to Staphylococcus
saprophyticus, 3.1 % to Proteus mirabilis, 1.2 % to
Enterococcus spp. and 1 % to Klebsiella pneumoniae
[2]. According to the National Observatory of
Epidemiology of Bacterial Resistance to Antibiotics
(ONERBA), between 2007 and 2009, E. coli sensitivity
to antibiotics has remained stable or slightly decreased
with, respectively, a sensitivity of 56 % versus 57 % to
ampicillin, 98 % versus 96 % to third-generation ceph-
alosporin (3GC), 90 % versus 84.8 % to ciprofloxacin,
80 % versus 76.1 % to co-trimoxazole, 96 % versus
95.2 % to nitrofurantoin and 99 % versus 99.3 % to
fosfomycin. Extended-spectrum beta-lactamase (ESBL)
bacteria have doubled over this period [3]. Factors as-
sociated with increased bacterial resistances were age
over 50 years, the presence of complicated UTI, the
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use of antibiotics in the past 3 months before the onset
of UTI [4] and the use of quinolones in the last
6 months [5]. Fluoroquinolones, co-trimoxazole and
beta-lactams are frequently involved in the increase in
bacterial resistances [6—8].

Since an improved use of antibiotics could reduce the
development of bacterial resistance in UTI [9], the new
2014 Société de Pathologie Infectieuse de Langue
Francaise (SPILF) guidelines recommend quinolone
sparing. The aim of this study was to investigate the
bacterial species and resistances in UTI and to identify
risks factors for bacterial resistance in primary care,
especially those related to E. coli.

Methods

A cross-sectional study was conducted in patients from
12 ambulatory medical laboratories in the Parisian area.
Patients aged over 18 years who came to the laboratories
for urinalysis were included consecutively between April
and July 2014. They received an information sheet and a
consent form. Those who did not meet UTI criteria were
excluded. Data on patient sex, age, past or present anti-
biotic treatments, history of UTI and hospitalisations in
the last 6 months were collected using a questionnaire
and the laboratory records.

UTI was confirmed if the urinalysis showed pyuria (>10*
white blood cells/ml) with bacteriuria >10* colony-forming
units (CFU)/ml for Enterobacteriaceae and S. saprophyticus,
>10* CFU/ml for the other bacteria in women and >10°> CFU/
ml in men, according to the current guidelines [5]. The urinal-
ysis results were given by an automated urinalysis device
(Vitek 2).

As the estimated resistance to ofloxacin and prevalence of
E. coli are, respectively, 15 % [3] and 80 % [2], 980 positive
urinalyses were needed in order to achieve an accuracy of
2.5 %. Statistical analyses were performed using bilateral tests
with « equal to 5 %. Univariate analyses were performed
using a simple logistical regression. Multiple logistical regres-
sions including factors with p<0.2 in the univariate analyses
were used for multivariate analyses. Data collection and sta-
tistical analyses were performed using the R software (http:/
cran.r-project.org/). This study did not receive any funding.

Results

A total of 6133 urinalyses were screened and 1410 were
excluded because they involved children, 3602 because
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6,133
patients consulting
for urinalyses

Exclude patients:

- 1,410 patients aged < 18 years

- 3,602 patients with negative urinalyses
- 2 patients with Candida spp infection

1,119
patients with
positive urinalyses

1125
bacterial isolates

Fig. 1 Flow chart of the study cohort

they did not meet criteria for UTI and two because they
were positive for Candida spp. Finally, 1,119 urinalyses
were included (Fig. 1). Only 21 % of subjects with UTI
returned the questionnaire. The mean patient age was
59.1 years (£21), and 16.4 % of patients were men
(Table 1).

Among the 1119 patients, six were infected by two
bacteria and 1125 bacterial isolates were studied.
Escherichia coli were the most common bacteria, with
a frequency of 73 % (95 % confidence interval
[CI]=[0.70; 0.76]), followed by Enterococcus spp., with
a frequency of 6.6 % [0.05; 0.08], and Klebsiella spp.,
with a frequency of 5.6 % [0.04; 0.07]. Then, less com-
mon bacteria with, respective, frequencies were: Proteus
spp. with 3.5 % [0.02; 0.05], Staphylococcus spp. with

Table 1  Characteristics of patients
Patients, N=1119, n (%)
Male 184 (16)
Age, years: mean (SD) 59.1 (£21)
<44 years 292 (26)
45-64 years 284 (25)
65-84 years 421 (38)
>85 years 115 (10)
Urinary tract infection in the last 6 months 211 (19)
Antibiotics in the last 6 months (2=291) 27 (9)
Hospitalisation in the last 6 months (n=291) 13 (4)
Diabetes mellitus 124 (11)
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Table 2  Bacterial resistance in urinary tract infections

Bacterial isolates, Bacterial resistance, n (%)

n (%)

Ofloxacin Cefixime Co-trimoxazole Nitrofurantoin Fosfomycin

Escherichia coli 825 (73) 143 (17) 46 (6) 194 (24) 18 (2) 10 (1)
Enterococcus spp. 74 (6.6) 5(7) 5(7) 69 (93) 8 (11) 203
Klebsiella spp. 63 (5.6) 3(5 203) 8 (13) 23 (37) 25 (40)
Proteus spp. 39(3.5) 13) 0 9(23) 35(90) 12 (31)
Staphylococcus saprophyticus 19 (1.7) 5(26) 0 0 0 19 (100)
Staphylococcus aureus 13(1.2) 7 (54) 0 0 0 3(23)
Streptococcus B 21(1.9) 5(24) 0 1(5) 0 0
Pseudomonas spp. 18 (1.6) 4(22) 2(1) 18 (100) 0 0
Other Enterobacteriaceae 51 4.5) 8 (16) 25 (49) 7(14) 14 (27) 5(10)
Other bacteria 2(0.2) 0 0 0 0 0
All 181 (16) 80 (7) 303 (27) 98 (9) 76 (7)

2.8 % [0.02; 0.04], Streptococcus B with 1.9 % [0.01;
0.03] and Pseudomonas spp. with 1.6 % [0.01; 0.02].
Finally, some Enterobacteriaceae (Citrobacter spp.,
Enterobacter spp., Providencia rettgeri, Serratia
fonticola and Shigella) were related to 4.5 % of UTL

Regardless of the bacteria, the most common resistance
was that to co-trimoxazole, found in 27 % [0.24; 0.30] of
bacteria, followed by ofloxacin resistance in 16 % [0.14;
0.18] of bacteria.

Resistance to co-trimoxazole, ofloxacin, cefixime,
nitrofurantoin and fosfomycin was respectively found in
25.5 % [0.23; 0.28], 17 % [0.14; 0.20], 5.6 % [0.04;
0.07], 2.2 % [0.01; 0.03] and 1.2 % [0.005; 0.02] of
E. coli (Table 2).

Table 3  Risk factors for Escherichia coli resistance to ofloxacin

Nineteen bacterial isolates (1.7 %) were positive for
ESBL, corresponding to E. coli in 18 patients and
Klebsiella spp. in one. These patients were aged be-
tween 18 and 94 years (mean age 67+19.3 years).
Among them, 84 % were women, 21 % had diabetes
mellitus and 63 % had a history of UTI in the last
6 months. Only one reported having been hospitalised
recently.

A history of UTI in the last 6 months (p<0.001) and
age (p=0.006) were related to bacterial resistance in the
multivariate analyses. A history of UTI increased this
risk by 2.34 [1.54-3.53] and age over 85 years by
3.09 [1.61-5.87]. Male gender, diabetes mellitus and
medical laboratories were not significantly related to

Resistant E. coli, Non-resistant OR (95 % CI), p-Value OR (95 % CI), p-Value
N=143,n (%) E. coli, univariate multivariate
N=682,n (%)
Age
18-44 years 27 (19) 198 (29) 1 1
45-64 years 36 (25) 186 (27) 1.42 (0.8-2.4) 0.20 1.24 (0.7-2.2) 0.43
64-84 years 54 (38) 248 (36) 1.60 (0.9-2.7) 0.07 1.30 (0.8-2.2) 0.33
>85 years 26 (18) 50 (7) 3.81 (2.0-7.1) <0.001 3.08 (1.6-5.9) <0.001
History of UTI 48 (34) 112 (16) 2.57 (1.7-3.8) <0.001 2.34 (1.5-3.5) <0.001
Diabetes mellitus 21 (15) 67 (10) 1.58 (0.9-2.6) 0.12 1.30 (0.7-2.3) 0.36
Male 22 (15) 89 (13) 1.21 (0.7-2.0) 0.54
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Table 4 Evolution of bacterial

resistance over time Ourstudy DRUTI  ARESC France R.Fabre C.Quentin F.W. Goldstein
(2014) (2012)  (2011) (2007) (1999) (1997)

Fluoroquinolone (%) 17 3 2 11 10 4
Co-trimoxazole (%) 24 18 12 19 21 22

Oral 3GC (%) 6 2 1 4 14 16
Nitrofurantoin (%) 2 1 4 12 _

Fosfomycin (%) 1 0 0.2 2 5 1

Amoxicillin (%) _ 38 39 43 53 41

ESBL (%) 1.7 1.5 1.3 1.5 0.4

E. coli resistance (respectively: p=0.12, p=0.54 and
p=0.91) (Table 3).

Discussion

This study showed that E. coli were still the most com-
mon bacteria found in ambulatory UTI. In addition,
17 % were resistant to fluoroquinolones and 24 % to
co-trimoxazole. This study confirmed that a history of
UTI was one of the main independent risk factors for
bacterial resistance and found that only age over 85
years increased this risk.

All patients were included consecutively from labora-
tories located in ten cities to obtain results more repre-
sentative of the general population. Children were ex-
cluded for ethics reasons and difficulties in obtaining
consent from these patients, because there is no consen-
sual value to diagnose UTI in children using only urinal-
ysis unlike in adults, and also because pathologies may
be different depending on the child age, as many urinary
tract diseases could be unknown at the time of urinalysis
and be confounders.

Despite the large sample included, only a few ques-
tionnaires were returned. This could be due to the fact
that it could contain too many questions, as it was also
used for ancillary studies assessing urinalysis and antibi-
otic prescriptions. Moreover, patients could complete it
at home, but the secretaries sometimes did not have time
to provide enough explanation that could have improved
its completion.

A 6-month time frame was chosen because it is the most
common duration used for questioning about the last use of
antibiotics, last UTI and hospitalisation [10, 11]. Oral
ofloxacin was studied because it is used twice as much as
ciprofloxacin in primary care [12]. Bacterial resistance to
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amoxicillin and ampicillin was not studied because these an-
tibiotics are not recommended as probabilistic treatments.

Our results supported those found in other works in
this field. In 1997 and 1999, Goldstein [13] and Quentin
et al. [14] found that the most common species identified
in UTI in medical laboratories were E. coli (75 % and
85 %), Proteus spp. (6 % and 7 %), Klebsiella spp. and
Enterococcus spp. (less than 5 %). The ARESC France
trial has studied cystitis and found that E. coli had the
highest prevalence (84 %), followed by S. saprophyticus
and P. mirabilis [2], which are involved more in cystitis
than in pyelonephritis [15, 16].

The change in E. coli resistances may be seen in
Table 4, where six ambulatory studies are presented [2,
13, 14, 17, 18]. There was no obvious increase in resis-
tances because all the studies did not use the same anti-
biotics, especially for fluoroquinolones. Resistance to
fluoroquinolones varied between 2 % in the ARESC
study and 17 % in our study, and resistance to co-
trimoxazole between 12 % and 24 %. The number of
ESBL bacteria seemed to increase slightly, from 0.4 %
in 1997 to 1.7 % in 2014. Finally, resistances to
nitrofurantoin and fosfomycin remained stable, at under
5 %.

It should be noted that fosfomycin was associated
with a resistance of less than 1 % in E. coli, which
confirmed its place as a first-line treatment in acute
cystitis. In the coming years, it would be interesting to
study the effect of the new guidelines on bacterial spe-
cies and resistances in UTI and to investigate whether
fluoroquinolone sparing has induced a decrease in bac-
terial resistance.
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