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Abstract

Background: To optimize antibiotic treatment and decrease antibiotic resistance, national treatment guidelines are
available for urinary tract infections (UTls) in general practice. The usefulness of these guidelines in risk areas for anti-
microbial resistance such as cross border regions or areas with dense agriculture, is unknown.

Methods: Midstream urine samples from women with symptoms of acute UTI visiting general practitioners (GPs) in
the Westland area, a dense agriculture area, were microbiologically analysed, and patient characteristics, symptoms,
previous and present antibiotic treatment were collected. The National Nivel data were used as reference for antibiotic
resistance.

Results: Of 310 women with symptoms of uncomplicated UTI, 247 (80%) had a culture proven E. coli UTI. Empirical
antibiotic therapy was prescribed to 148 patients (48%) in total; in 7% of women with a negative and 52% with a posi-
tive urine culture. Having more than one symptom was associated with the prescription of antibiotics; travel history or
previous antibiotic use for UTl were not. The isolated uropathogens were susceptible to the empiric antibiotic therapy
in 98% of patients. Resistance to co-amoxiclav was higher (22%) than reported in the national data of 2004 (12%),
2009 (13%) and 2014 (9%), as was the prevalence of extended spectrum (3-lactamase (ESBL): 3.4% in our study versus
0.1%, 1% and 2.2% in the national data respectively.

Conclusion: The presence of environmental and socio-demographic risk factors for antibiotic resistance did not
influence the empiric choice nor susceptibility for antibiotics advised by the national guidelines in women with
uncomplicated UTI.

Keywords: Treatment guidelines, Empirical prescription, Antibiotic resistance, Uncomplicated urine tract infections,
Community-acquired, Agriculture

Background
Antimicrobial resistance (AMR) has been associated with

antibiotics (80%), mainly for the treatment of urinary
tract infections (UTIs) and respiratory tract infections

the use of antimicrobial agents [1]. In humans, primary
care physicians prescribe the majority of the consumed
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[2]. To optimize antibiotic use and prevent selection of
antibiotic resistant bacteria, national guidelines for the
treatment of common infections are available from the
Dutch College of General Practitioners (NHG) [3]. An
uncomplicated UTI is defined in women of 11 years and
up, with no urological and nephrological problems, dia-
betes mellitus or using immunosuppression drugs. The
empirical treatment of uncomplicated UTI according to
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the NHG guideline is based on patients symptoms with-
out culture analyses and recommends nitrofurantoin as
first choice and fosfomycin and trimethoprim as second
and third choices. The antibiotic treatment options are
based on national surveillance data. This guideline also
describes other options for antibiotic prescription like
telephone consulting when patients recognize symptoms
of a previous UTI and a postponed prescription when
patients agree to only start antibiotics when complaints
don’t resolve. A urine culture is only sent in when empiri-
cal prescription is not effective or in patient with risk fac-
tors of a complicated UTI [3].

Antibiotics are not only prescribed in human health
care, but also in livestock farming and in agriculture [4, 5].
Transmission of antibiotic resistant microbes from live-
stock to the environment and to humans has been reported
[6]. In agriculture, several pesticides have been shown to
affect the susceptibility of different bacteria for several anti-
biotics used in humans [7-9].

Indeed, studies report the occurrence of antibiotic-
resistant (including extended spectrum [-lactamase
(ESBL) producing) E. coli in irrigation water of vegetables
for human consumption [10-12]. The effect of living in
an area with a high risk of contamination of surface water
with antibiotics or pesticides, such as a dense agricultural
area, on the prevalence of AMR is still unknown [13].
Travel, especially from Asia harbours the risk of intro-
ducing AMR into the Netherlands [14, 15]. This risk may
also exist in immigrants from South and East Europa as
the prevalence of resistance in these countries is higher
than in Northern countries, like the Netherlands [16].

Given the association between use of antibiotic drugs
and AMR, the WHO advocates antimicrobial steward-
ship: to treat each patient with the most appropriate
antimicrobial therapy, thereby minimalizing the risk of
development of AMR [17]. The Dutch national guidelines
support antimicrobial stewardship programs in general
practitioners. Monitoring adherence to antibiotic guide-
lines in large databases has been shown to be a valuable
antibiotic stewardship tool [18]. However, several studies
report difficulties to adhere to the NHG guidelines [19].
One of the reasons was that the choice of the national
empiric therapy was not applicable regionally due to dif-
ferences in local resistance patterns. Ganzeboom et al.
reported a low level of adherence to the guidelines (29%-
50%) in high risk patients as the choice of the empiric
therapy was not supported by bacteriological culture.
They recommended that the empiric therapy for this
group of patients should be based on the results of urine
culture [20].

To explore the adherence and usefulness of the national
guidelines for uncomplicated UTI, we investigated adher-
ence to the guidelines for female patients with complaints
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of an uncomplicated UTIs in an area with sociodemo-
graphic (i.e. East European season immigrants) and envi-
ronmental risk factors (i.e. presence of dense glasshouse
agriculture) and determined whether the empiric therapy
was in accordance with the culture results [3].

Methods

Patient recruitment and data collection

Patient recruitment took place at eight general practices
in the Westland area of the Netherlands from March
2018 to June 2018. The Westland area is an area with
dense agriculture, situated in the West of the Netherlands
and characterized by many green glasshouses: 40% of the
total surface of agriculture under glass (3.850.000.000
m?2) is concentrated in this part of the country [21]. This
region has also high numbers of (season)-immigrants
from East Europe working in glasshouses, i.e. 75 persons
per 10,000 inhabitants versus 7—15 per 10,000 inhabit-
ants in other parts of the Netherlands [22].

General practitioners (GP) were asked to fill in a ques-
tionnaire upon presentation of women>11 years with
acute complaints of an uncomplicated UTI. Patient
characteristics such as age and UTI symptoms such as
pain/ burning, polyuria, urinary urgency, were collected
as was information about, antibiotic therapy received
for previous infections in the last 12 months and trav-
elling abroad in the last 12 months. An uncomplicated
UTI was defined as symptoms of pain or burning sen-
sation, polyuria or urinary urgency without signs of
tissue expansion like flank pain or fever. Furthermore,
the actual empiric prescription was recorded. Exclu-
sion criteria were pregnancy, fever (>38 “C), urological
and nephrological problems, having a urinary catheter,
diabetes mellitus and immunosuppression. Patients
who received a prescription after laboratory culturing
became available were not included. Also, patients with
incomplete questionnaires were excluded. Included
patients received care as usual for UTIs and the GPs did
not have knowledge of the culture results at the moment
of prescription or thereafter.

Informed consent was waived by local ethics commit-
tee (MEC-2017-1167).

Isolation and Identification of uropathogens

Midstream urine samples were collected and sent the
same day for microbiological analysis to the depart-
ment of Medical Microbiology of the Erasmus Medi-
cal Centre Rotterdam, the Netherlands. Bacterial
growth of the urine samples on blood agar and Mac-
Conkey (Oxoid) agarplates of > 10 cfu/ml was defined
as an UTI [23]. Presence of three or more bacterial
species was considered as contamination. For iden-
tification of the uropathogens, MALDI-TOF MS
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(Maldi MTB Compass 4.1, Bruker Daltonik GmbH,
Bremen, Germany) was used. The antibiotic suscep-
tibility was determined using disk diffusion (OXOID)
or Vitek (Biomerieux) according to the EUCAST cri-
teria 2017/2018 and supplemented with the E-test
(Liofilchem) [24]. For confirmation of putative ESBL
the Rosco ESBL Confirm Kit was used according to
the Dutch Society of Medical Microbiology (NVMM)
Guidelines of Laboratory detection of highly resistant
microorganisms version 2.0 2017 [25].

The antibiotic resistance of the E. coli was compared
to the resistance from studies performed in 2004, 2009
and 2014 among GP of the Sentinel Stations Network
of NIVEL [26-29]. No data of more recent years are
available after these years. The data from NIVEL are
representative for age, gender, regional distribution
and population density in The Netherlands [30].

Statistical analysis

The X2 test and Fisher test were performed for com-
paring percentages of the categorical data (SPSS Inc.
Chicago, IL, VS). A multivariate logistic regression
was performed with as outcome variable the empirical
prescription of an antimicrobial drug for this UTI epi-
sode and as variables age, number of symptoms, posi-
tive culture, UTI, antibiotic use and travelling abroad
in the year before participating in this study. A p-value
of < 0.05 was considered statistically significant.

Page 3 of 7

Results

Patients characteristics

During the study period, 312 women visited eight prac-
tices of general physicians with symptoms of an uncom-
plicated UTI. Due to incomplete questionnaires, two
patients were excluded. Of the remaining 310 patients
(median age 57 years, range 11-93 years), 247 (79.7%)
had a culture proven UTI (Fig. 1). The most reported
symptoms were pain/burning sensation (76.1%) and poly-
uria (50%). A prior history of UTI was reported by 174
(56.1%) patients and 183 (59%) were previously treated
with nitrofurantoin (42.3%), fosfomycin (13.5%) or cipro-
floxacin (6.8%). Travelling abroad over the last 12 months
was reported by 17.1% of the patients (Table 1).

Empirical antibiotic therapy

Empirical antibiotic therapy was prescribed to 48%
(n=148) of the 310 patients, and the most frequently
given antibiotics were nitrofurantoin in 112 patients
(36%), fosfomycin in 19 patients (6%) and trimethoprim
in nine patients (3%). Twenty of the 310 patients (7%)
were empirically treated with an antibiotic although their
culture could not confirm an UTI (Fig. 1). Of the 247
patients with a laboratory confirmed UTI, 119 (48.2%)
received no empiric antibiotic therapy.

In the multivariate model, patients with two (OR 2.50;
95% CI 1.46 — 4.29) or three or more (OR 4.07; 95% CI
2.07 — 8.01) symptoms were found to be more often pre-
scribed antibiotics than patients with no or one symp-
tom. Furthermore, patients with a culture proven UTI

Patient inclusion
(n=312)

(n=310)

Patients

Exclusion
(n=2)

AB
(n=128)
Culture
proven UTI
(n=247) No AB
(n=119)
AB
(n=20)
Culture
No UTI
(n=63) No AB
(n=43)

Fig. 1 Inclusion of patients with symptoms of an UTI. Figure 1 shows the inclusion of patients presenting with UTI symptoms in 8 GP's in the
Westland and whether empirical antibiotics (AB) were prescribed. Two patients were excluded due to an incomplete questionnaire (n=2). The
diagnosis of UTI was confirmed by laboratory culture analyses after clinical presentation and diagnoses of the GP
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Table 1 Patients characteristics

Total (n, %) UTI(n,%) No UTI (n, %)
(n=310) (n=247) (n=63)
Age category (year)
11-20 23(74) 18(7.3) 5(7.9)
21-50 100 (32.3) 77 (31.2) 23(36.5)
51-70 115 (37.1) 96 (38.9) 19(30.2)
>71 72(23.2) 56 (22.7) 16 (254)
Symptoms
Pain/burning sensation 236 (76.1) 192 (77.7) 44 (69.9)
Polyuria 155 (50.0) 127 (51.4) 28 (44.4)
Urinary urgency 57 (18.4) 48 (19.4) 9(14.3)
Haematuria 38(123) 33(134) 5(7.9)
Flank pain 58(18.7) 47 (19.0) 11(17.5)
UTl in previous year 174 (56.1) 139 (56.3) 35 (55.6)
AB in previous year 183 (59.0) 146 (59.1) 37(58.7)
Amoxicillin 18 (5.8) 12 (4.8) 6(9.5)
Co-amoxiclav 6(1.9) 4(1.6) 2(32)
Doxycycline 10(3.2) 10 (4.0) 0(0.0)
Nitrofurantoin 131 (42.3) 104 (42.0) 27 (42.9)
Fosfomycin 42 (13.5) 34 (13.8) 8(12.7)
Trimethoprim 16 (5.2) 15(6.1) 1(1.6)
Ciprofloxacin 21(6.8) 16 (6.5) 5(7.9)
Norfloxacin 6(1.9) 6(2.4) 0(0.0)
Co-trimoxazole 2(0.6) 2(0.8) 0(0.0)
Clarithromycin 1(0.3) 1(04) 0(0.0)
Flucloxacillin 4(1.3) 3(1.2) 101.6)
Azithromycin 2(0.6) 1(04) 1(1.6)
Cefuroxime 1(0.3) 1(0.4) 0(0.0)
Metronidazole 1(0.3) 0(0.0) 101.6)
Traveling abroad 53(17.1) 45(18.3) 8(12.7)
Within Europe 37(11.9) 31(12.6) 6(9.5)
Outside Europe 16 (5.2) 14(5.7) 2(32)
Empirical AB 148 (47.7) 128 (51.8) 20(31.7)
Amoxicillin 1(0.3) 1(0.4) 0(0.0)
Co-amoxiclav 1(03) 0(0.0) 1(1.6)
Nitrofurantoin 112 (36.1) 97 (39.3) 15 (23.8)
Fosfomycin 19 (6.1) 16 (6.5) 34.7)
Trimethoprim 9(2.9) 8(3.2) 1(1.6)
Ciprofloxacin 5(1.6) 5(2.0) 0(0.0)
Norfloxacin 1(03) 1(04) 0(0.0)
none 162 (52.3) 119 (48.2) 43 (68.3)

Table 1 shows the patient characteristics of the study. The first column (total)
shows the characteristics of all patients included in the study, Table 1 the
second column (UTI) the characteristics of the patients with a culture confirmed
UTI and the third column the characteristics of the patients without a culture
confirmed UTI

afterwards were more often prescribed empirical antibi-
otic therapy (OR 1.98; 95% CI 1.06 — 3.69) than patients
with a negative culture. Traveling abroad, either in or
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Table 2 Factors associated with empirical antibiotic prescribing
of patients visiting the GP for complaints of an UTI

OR (95% Cl)
Multivariate model

Age 1.01 (0.99-1.02)
Previous UTI (< 1 year) 042 (0.12-1.51)
Number of symptoms

No or 1 symptom Ref

2 symptoms 2.50 (1.46-4.29)*

3 or more symptoms 4.07 (2.07- 8.01)*
Culture proven UTI 1.98 (1.06-3.69)*
Previous antibiotic use (< 1 year) 1.74 (0.48-6.24)
Traveling abroad (< 1 year)

No Ref

Yes, Europe 0.85(0.41-1.78)

Yes, outside Europe 0.51(0.16-1.57)

Table 2 shows the associated factors of empirical antibiotic prescription of
patients visiting the GP with complaints of an UTI. Associated factors are age;
the number of symptoms patients were suffering from; a culture proven UTI;
antibiotic use in the year before this study and traveling abroad in the last

12 months. * Significant with p <0.05

outside Europe, and previous use of antibiotics were not
associated with prescription of antibiotics (Table 2).

Antibiotic resistance

Urinary samples (n =247) with one or two uropathogens
were included resulting in 293 uropathogens analyzed.
E. coli was the most frequently isolated uropathogen
(n=167, 57%) followed by Enterococcus faecalis (n=23,
8%), Klebsiella spp. (n=18, 6%), Streptococcus agalactiae
(Group B streptococcus) (n=9, 3%) and Proteus mirabilis
(n=09, 3%). The remaining 67 (23%) uropathogens include
among others Enterobacteriales and non-fermenters, see
supplementary table 1.

Antibiotic resistance was analysed for E. coli and com-
pared to antibiotic resistance of three national stud-
ies from 2004, 2009 and 2014 (Fig. 2, supplementary
table 2). Antibiotic resistance of the other uropathogens
was not analysed due to low numbers. The highest per-
centage of antibiotic resistance of E. coli was found for
amoxicillin  (32%) followed by amoxicillin-clavulanic
acid (22%), trimethoprim (15%) and co-trimoxazole
(15%). The resistance rates to amoxicillin, trimethoprim
and co-trimoxazole were in line with the national data.
Resistance to amoxicillin-clavulanic acid was higher
than in the national studies 12%, 13% and 9% in 2004,
2009 and 2014 respectively as was the prevalence of
ESBL 3.4% versus 0.1%, 1% and 2.2% (Fig. 2). In nearly all
cases (98%) the isolated uropathogen was susceptible to
the empiric therapy.
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Discussion

In the present study we demonstrate the adherence and
the usefulness of the NHG guidelines for the empiric
treatment of UTI in female patients with complaints of
an uncomplicated UTT in the Westland area. Only 7% of
patients were not treated according to the guidelines and
in 98% of patients the cultured uropathogen (E. coli) was
susceptible to the empirically started therapy which was
according to the NHG guidelines, i.e. nitrofurantoin as
first choice and fosfomycin and trimethoprim as second
and third choice. Traveling abroad or previous treatment
for UTI were not associated with start of therapy (see
Tables 1 and 2).

Our data indicate that in this risk area, GP’s adhere to
the national guidelines and that the presence of environ-
mental and socio-demographic risk factors did not influ-
ence the empiric choice nor the usefulness of the national
guideline.

Risk factors for antibiotic resistance as described in the
literature are recent and in the past antibiotic use, living
in area with a high prevalence of resistance and travelling
abroad [10-15].

Potential risk factors for a higher prevalence of resist-
ance for Inhabitants of the Westland are exposure to pes-
ticides due to a dense greenhouse agriculture and a high
percentage of migrant workers [31-33], compared to
people living in non-agricultural parts of the Netherlands
[34]. Most migrant workers used to live in countries with

a high antibiotic use and prevalence (East Europe) than
in the Netherlands. Since the prevalence of antibiotic
resistant E. coli in this study did not substantially differ
from the national antibiotic resistance rates, the influ-
ence on antibiotic resistance of (season) immigrant work-
ers seems negligible. We found only a higher resistance
to amoxicillin-clavulanic acid, 22% in the Westland, ver-
sus 9% on national level in our study of 2014 [29]. Also
national surveillance data showed an increasing trend of
amoxicillin-clavulanic acid resistance from 2013 to 2018
was also reported; from 16 to 30% for patients > 12 year
[34]. This increase may partly be explained by higher
minimum inhibitory concentration (MIC) breakpoints of
the European Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST) compared to the previously used
Clinical and Laboratory Standards Institute (CLSI break-
points) [34, 35].

According to the guideline amoxicillin-clavulanic acid
is not recommended for uncomplicated UTI and was
indeed not prescribed for this indication in the present
study. The higher prevalence of resistance might be due
to prescriptions for other indications such as respiratory
tract infections [36]. Because of the lack of resistance
data in women with uncomplicated UTI in 2018 we com-
pared the present results with the latest national NIVEL
data of 2014 [29]. In the last 10 years, from 2004- 2014
no upward trend was observed in antibiotic resistance of
E. coli UTL Use of other national data such as Nethmap
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[34] was not deemed useful because only urine culture
after treatment failure of the GP patient were analysed,
which may lead to higher levels of resistance.

An potential risk for antibiotic resistance in the West-
land is the use of pesticides for agriculture [7-10]. None
of the pesticides used as described in the annual report
of the District Water Consult Board of Delfland is known
to influence, in vitro nor in vivo (this study), the pheno-
typic antibiotic resistance of nitrofurantoin, fosfomycin,
or co-trimoxazole.

Next to antibiotic use another risk factor for the intro-
duction and spread of antibiotic resistance is travelling to
regions with a higher prevalence of resistance compared
to the Netherlands [15, 37, 38]. Travelling in or outside
Europe was not related to AMR in our population, how-
ever only 18% of the women reported to have been trav-
elling abroad. However, since in this study the prevalence
of antibiotic resistant E. coli did not substantially differ
from the national antibiotic resistance rates, the influ-
ence on antibiotic resistance of (season) immigrant work-
ers seems negligible.

The increase in ESBL rates is recognized worldwide
and many surveillance studies monitor the prevalence
[39]. The occurrence of ESBL in this study was 3.4% com-
pared to 2.2% at the national level in 2014 [29]. Our data
are in line with the gradually upward trend in prevalence
of ESBL percentage observed; 2004 of 0.1% to 1.0% in
2009 on a national level [26-29, 34].

We found an antibiotic match of 98% between the
choice of the agent and the susceptibility of the iso-
lated uropathogen, which support the correct empiri-
cal treatment of UTI by the participating GP’s and the
adherence to the national NHG guideline of UTI. These
results are in contrast to studies of Ganzeboom et al.
and Lugtenberg et al. where regional differences of
resistant patterns were found and no adherence to the
NHG guideline [19, 20].

Strengths and limitations

The strengths of the study is the careful control of the
adherence and the usefulness of the NHG guidelines for
the treatment of uncomplicated UTT in an area with socio-
economic and environmental risk factors. The adherence
include not only the choice of the agent but also the deci-
sion when to start treatment. In our study 48% (n=119)
patients with a proved UTI were not empirically treated.
The NHG guidelines describe the possibility of a post-
poned prescription including educating patients about
the natural course of an UTI, (i.e. 20% of the UTI resolve
spontaneously) and shared decision making. Adherence
to national guidelines will contribute to control the antibi-
otic resistance problem. A limitation is the number of par-
ticipating GP and patients included and the lack of follow
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-up data to determine the effectiveness of the policy pre-
scribed. The low number of patients limit the applicability
of our results for other areas in the Netherlands.

Here, we assessed whether national antibiotic guide-
lines are an useful antibiotic stewardship tool in gen-
eral practice. Adherence of GP’s to these guidelines was
high. Few patients were treated incorrectly (i.e. with a
negative urine culture) and nearly all cultured bacteria
were susceptible to the antibiotics given. The number of
symptoms was associated with empirical antibiotic ther-
apy, travel history and previous antibiotic use were not.
When confirmed in larger studies, such factors may be
included in guidelines for antibiotic therapy in women
with uncomplicated UTI.
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