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Abstract

Aim: To study whether changes in drug preferences in the Dutch guideline for the treatment of
Urinary Tract Infection (UTI) for General Practitioners (GPs) in 2013, resulted in correspond-
ing changes in antibiotic dispensing. Background: For the treatment of uncomplicated UTI,
nitrofurantoin remained the first choice, while fosfomycin became the second choice and
changed ranks with trimethoprim. For a subsequent febrile UTI, ciprofloxacin became the first
choice and changed ranks with amoxicillin/clavulanic acid, co-trimoxazole remained the third
choice.Methods: In this observational cross-sectional study, routinely collected dispensing data
from the Dutch Foundation of Pharmaceutical Statistics from 2012 to 2017 were used. The
number of women 18 years and older, treated with one of the guideline antibiotics for uncom-
plicated UTI and subsequent febrile UTI were analysed annually. Proportions were calculated.
Data were stratified for age categories. Failure of uncomplicated UTI treatment was defined as
the dispensing of an antibiotic for febrile UTIwithin 14 days after the dispensing of an antibiotic
for uncomplicated UTI. Findings: Data were available from 81% of all pharmacies in 2012 to
89% in 2017. Percentages of women dispensed nitrofurantoin were relatively stable with 87.4%
in 2012 and 84.4% in 2017. Percentages of women dispensed fosfomycin increased from 5.4% in
2012 to 21.8% in 2017, whereas percentages of women dispensed trimethoprim decreased from
17.8% to 8.0%.Within age categories, the percentage of women dispensed fosfomycin increased
from 12.4% in women 18–30 years old to 36.7% in women above 80 years old. Percentages of
women dispensed antibiotics for febrile UTI remained stable at 5% annually. Percentages of
women receiving ciprofloxacin increased from 1.9% in 2012 to 3.3% in 2017, while those receiv-
ing amoxicillin/clavulanic acid decreased from 2.9% to 1.8%. New guideline recommendations
resulted in corresponding changes in dispensed antibiotics for uncomplicated UTI and sub-
sequent febrile UTI. Drug choices differed for age categories.

Introduction

In primary care, the most common acute presentation in women is uncomplicated Urinary
Tract Infection (UTI) (Butler et al., 2017). Every second woman experiences an uncomplicated
UTI at least once in her lifetime (Butler et al., 2017). In 2016, in the Netherlands, the prevalence
of uncomplicated UTI in women was 103.5 per 1000 patient-years. The Dutch guideline for
General Practitioners (GPs) for UTI treatment (2013) recommended the following antibiotics
for treatment of uncomplicated UTI: nitrofurantoin as the first choice, fosfomycin as the second
choice and trimethoprim as the third choice (Van Pinxteren et al., 2013). In this guideline, fos-
fomycin and trimethoprim changed ranks compared to the preceding 2005 GP guideline. This
change was supported by the high in vitro susceptibility of UTI pathogens to fosfomycin, the
lack of cross-resistance between fosfomycin and other antibiotics (Knottnerus et al., 2008) and
the relatively high prevalence of bacterial resistance to trimethoprim (Korstanje et al., 2012). If
the response to the first guideline antibiotic for uncomplicated UTI is insufficient, the guideline
recommends to start treatment with the second guideline antibiotic for uncomplicated UTI. A
recent study in 15 European countries showed that as many as 12 unique antibiotics were listed
as the first-line empirical treatment options for uncomplicated UTI (Malmros et al., 2019).
Nitrofurantoin was the most frequently recommended antibiotic for female patients with this
indication and was listed as the first-line option for uncomplicated UTI in 12 out of 15 guide-
lines, followed by fosfomycin and pivmecillinam.

If an episode of uncomplicated UTI develops into a febrile UTI, the 2013 Dutch guideline
advised ciprofloxacin as the first choice, amoxicillin/clavulanic acid as the second choice and co-
trimoxazole as the third choice. Compared to the preceding guideline, amoxicillin/clavulanic
acid and ciprofloxacin changed ranks because of lower bacterial resistance to ciprofloxacin when
compared to both amoxicillin/clavulanic acid and co-trimoxazole (Korstanje et al., 2012).
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After revisions, new guideline recommendations must be
implemented into clinical daily practice, which may take some time,
as exemplified by a study in the United States (US) (Durkin et al.,
2018). There, nitrofurantoin, fosfomycin and trimethoprim–sulfa-
methoxazole were the first-line antibiotics for uncomplicated UTI
treatment according to a 2010 guideline (Gupta et al., 2011). For
2013, the US study showed that fosfomycin was prescribed for
uncomplicated UTI in <0.01% of all visits and almost half of the
antibiotic prescriptions were for non-guideline-recommended anti-
biotics (Durkin et al., 2018). Qualitative research showed unfamili-
arity with fosfomycin as a possible first-line treatment option, along
with the belief that fluoroquinolones achieve more rapid and effec-
tive control as themost important causes for GPs to ignore guideline
recommendations (Grigoryan et al., 2019). Accordingly, in the UK,
Clinical Commissioning Groups failed to implement into GP prac-
tice the change of nitrofurantoin from second to first choice and tri-
methoprim from first to second choice in uncomplicated UTI
treatment (Croker et al., 2019).

This study aims to describe whether changes in drug preferences
in the 2013 revision of the Dutch guideline of UTI for GPs, resulted
in corresponding changes in drug choices, based on dispensing data
for adult women in the Netherlands (2012–2017).

Methods

Design

An observational cross-sectional study was performed per calendar
year (2012–2017) with routinely collected dispensing data from
community pharmacies in the Netherlands.

Setting

In the Netherlands, antibiotics are only available through prescrip-
tion. UTI is mainly treated in primary care. Overall, GPs in the
Netherlands prescribe electronically, and their information sys-
tems offer electronic prescribing advice according to current
GP guideline recommendations (NHG, 2018). Prescriptions from
GPs are sent electronically to community pharmacists. Most patients
in the Netherlands visit one community pharmacy; consequently,
pharmacists have complete virtual dispensing information for indi-
vidual patients at their disposal (Buurma et al., 2008).

Data source

Dispensing data were available from the Dutch Foundation of
Pharmaceutical Statistics (SFK) (SFK, 2017). SFK routinely collects
dispensing data from over 90% of all community pharmacies in the
Netherlands. The total number of community pharmacies in the
Netherlands was 1981 in 2012 and 1989 in 2017. SFK data cover
GP prescriptions and outpatient prescriptions from medical spe-
cialists. The data provided detailed information on the type and
number of dispensings, the total amount of Defined Daily Dose
(DDD) dispensed per year (WHOCC, 2020) and information
about the prescriber (GP or medical specialist). Drugs were coded
by the Anatomic Therapeutic Chemical Classification system
(ATC) (WHOCC, 2020). Information on patients’ sex and year
of birth were also available. The data did not contain information
on clinical diagnoses. SFK data were coded and not retraceable by
the researchers to individual patients or pharmacies. During the
research period for each calendar year, data were used from those
community pharmacies that had provided complete data through-
out the year.

Analysis

In each calendar year from 2012 to 2017, all women, 18 years and
older, with at least one dispensing of the uncomplicated UTI guide-
line drugs nitrofurantoin (ATC code: J01XE01), fosfomycin
(J01XX01), or trimethoprim (J01EA01), were counted. For these
women, information was retrieved about their age, the prescriber
of the antibiotic (GP or other prescribers), presence of the first dis-
pensing in the corresponding year (defined as no dispensing of the
same drug during the preceding 12 months), and at least one dis-
pensing of an antibiotic for febrile UTI prescribed within 14 days
after a dispensing of a guideline antibiotic for uncomplicated UTI.
Numbers of women were counted annually for antibiotic use
in uncomplicated or complicated UTIs. To enable comparison
between calendar years, for each year, patient numbers from the
included pharmacies were extrapolated to the total number of
Dutch community pharmacies in that calendar year. Proportions
were calculated for the users of individual antibiotics within all users
of one of the UTI guideline antibiotics. User numbers were stratified
for womenwith the first dispensing of one of the uncomplicatedUTI
guideline drugs, the GP as initiating prescriber, and women with a
subsequent treatment course for febrile UTI. To provide more
detailed insight into treatment choices for age categories, sub-analyses
were performed for 2017 (themost recent year). Proportions were cal-
culated as descriptive statistics. Data were analysed with SPSS soft-
ware, version 23 (SPSS Inc., Chicago, IL, USA).

Results

In 2012, data were available from 1608 community pharmacies
(81% of all community pharmacies in the Netherlands) up to
1765 community pharmacies in 2017 (89% of all pharmacies).
Our evaluation for 2012 showed that 743,692 women, 18 years
and older, received at least 1 of the 3 antibiotics recommended
in the 2013 GP guideline for uncomplicated UTI treatment
(Table 1). This number continuously increased to 787,214 women
in 2017.

Figure 1 shows that the percentage of women with a dispensing
for nitrofurantoin within all users of uncomplicated UTI antibiot-
ics was relatively stable with 87.4% (n= 650,337) in 2012 and
84.4% (n= 664,732) in 2017. The percentage of women with a dis-
pensing for fosfomycin increased from 5.4% (n= 40,187) in 2012
to 21.8% (n= 171,327) in 2017. Simultaneously, the percentage of
women receiving trimethoprim decreased from 17.8% (n
= 132,269) in 2012 to 8.9% (n= 69,766) in 2017.

The number of women with dispensings of fosfomycin steadily
increased annually from 40,187 in 2012 to 101,151 in 2017. In
2013, the user number increased to 64,831, twice the increase from
2011 to 2012. In 2014, the user number increased to 101,151 and in
2015, the user number increased to 124.457.

Percentages of starters with any of the three guideline antibiot-
ics were between 85.4 % in 2012 and 88.0% in 2017. Within start-
ers, percentages for those with a GP prescription were quite stable
between 90.4% in 2015 and 91.8% in 2013. Most frequently, nitro-
furantoin was chosen in initial UTI treatment. Percentages of start-
ers with this drug within all starters of UTI drugs slightly decreased
from 78.4% in 2012 to 73.1%. in 2017. Within age groups, percent-
ages of starters with nitrofurantoin within starters of all UTI guide-
line drugs were highest for women between 18 and 30 years
(89.2%) and lowest in the age category 81 years or older (66.4%,
Table 2). Percentages of starters with fosfomycin within all starters
increased from 5.2% in 2012 up to 19.2% in 2017. Percentages of
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Table 1. Guideline-preferred drugs for treatment of uncomplicated urinary tract infection in women ≥18 years between 2012 and 2017

Year 2012 2013 2014 2015 2016 2017

Usersa of:

at least one uncomplicated UTI
antibiotic (=n)

743,692 (100%)b 747,879 (100%) 767,122 (100%) 769,125 (100%) 774,822 (100%) 787,214 (100%)

nitrofurantoin (% of n) 650,337 (87.4%) 665,770 (87.7%) 670,182 (87.4%) 666,427 (86.6%) 658,898 (85.0%) 664,732 (84.4%)

fosfomycin (% of n) 40,187 (5.4%) 64,831 (8.7%) 101,151 (13.2%) 124,457 (16.2%) 150,812 (19.5%) 171,327 (21.8%)

trimethoprim (% of n) 132,269 (17.8%) 112,206 (15.0%) 91,812 (12.0%) 81,415 (10.6%) 77,250 (10.0%) 69,766 (8.9%)

Startersa of

at least one uncomplicated UTI
antibiotic (=n)

635,078 (100%)b 643,329 (100%) 661,315 (100%) 666,381 (100%) 676,710 (100%) 692,741 (100%)

nitrofurantoin (% of n) 497,851 (78.4%) 501,208 (77.9%) 507,610 (76.8%) 503,853 (75.6%) 496,786 (73.4%) 506,344 (73.1%)

fosfomycin (% of n) 33,034 (5.2%) 54,889 (8.5%) 83,073 (12.6%) 100,042 (15.0%) 120,150 (17.8%) 133,304 (19.2%)

trimethoprim (% of n) 104,193 (16.4%) 87,227 (13.6%) 70,632 (10.7%) 62,486 (9.4%) 59,774 (8.8%) 53,093 (7.7%)

Startersa with GP prescription of

at least one uncomplicated UTI
antibiotic (=n)

582,436 (100%)b 590,407 (100%) 602,775 (100%) 602,718 (100%) 617,147 (100%) 633,435 (100%)

nitrofurantoin (% of n) 456,544 (78.4%) 460,116 (77.9%) 462,469 (76.7%) 455,305 (75.7%) 451,972 (73.2%) 462,073 (72.9%)

fosfomycin (% of n) 30,117 (5.2%) 50,735 (8.6%) 76,604 (12.7%) 91,665 (15.2%) 111,152 (18.0%) 123,308 (19.5%)

trimethoprim (% of n) 95,775 (16.4%) 79,557 (13.5%) 63,702 (10.6%) 55,747 (9.2%) 54,023 (8.8%) 48,054 (7.6%)

Usersa of

at least one febrile UTI antibiotic within
14 days (% of n)

39,099 (5.3%)b 38,580 (5.2%) 41,018 (5.3%) 41,018 (5.3%) 41,238 (5.3%) 41,688 (5.3%)

ciprofloxacin (% of n) 14,242 (1.9%) 17,103 (2.3%) 23,145 (3.0%) 24,293 (3.2%) 25,016 (3.2%) 26,287 (3.3%)

amoxicillin/clavulanic acid (% of n) 21,878 (2.9%) 19,280 (2.6%) 15,976 (2.1%) 15,521 (2.0%) 15,103 (1.9%) 14,086 (1.8%)

co-trimoxazole (% of n) 5237 (0.7%) 4434 (0.6%) 3520 (0.5%) 3510 (0.5%) 3424 (0.4%) 3650 (0.5%)

aThe number of users was extrapolated to number of all community pharmacies in the Netherlands within the corresponding calendar year. In 2012, data were available from 1608 community pharmacies (81% of all community pharmacies), in 2013 from
1681 (85%of all community pharmacies), in 2014 from 1732 (88%of all community pharmacies) in 2015 from 1774 (90%of all community pharmacies), in 2016 from 1806 (91%of all community pharmacies) and in 2017 from 1765 community pharmacies (89%
of all community pharmacies).
bThe sum of users of all guideline drugs per year is higher than 100% due to patients with more than one type of guideline drug per year.
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starters with fosfomycin were lowest with 12.7% in the age category
18–30 years and highest with 36.2% in the category 81 years
and older.

Percentages of women with a dispensing for an antibiotic to
treat febrile UTI within 14 days after an uncomplicated UTI anti-
biotic remained stable, remaining at 5.6% throughout the study
period (Figure 2). Use of amoxicillin/clavulanic acid declined dur-
ing the study period (2.9% in 2012 to 1.8% in 2017), whereas the
use of ciprofloxacin increased from 1.9% in 2012 to 3.3% in 2017.
The use of co-trimoxazole was relatively stable, with 0.7% in 2012
and 0.5% in 2017.

Figure 3 shows the users of uncomplicated UTI antibiotics in
2017, stratified for age categories. Within the two youngest age
categories, from 18 to 30 and 31 to 40 years old, dispensing of
nitrofurantoin was highest (91.0 and 90.1%, respectively), whereas,
within the oldest age category (> 80 years old), only 73.8% were
dispensed nitrofurantoin. Fosfomycin dispensings increased from
12.4% in the youngest age category to 36.7% in the oldest age cat-
egory. Trimethoprim dispensings increased from 4.8% in the
youngest age category to 14.9% in the oldest age category.

Proportions of women who received an antibiotic dispensing
for febrile UTI within 14 days after an uncomplicated UTI antibi-
otic also increased with older age (Figure 4). In the oldest age cat-
egory, the use of ciprofloxacin was highest at 6.6% of all users,
followed by 3.8% that were treated with amoxicillin/clavulanic
acid. In women between 18 and 30 years old, dispensing for febrile
UTI was lowest; 1.4% of these women were treated with ciproflox-
acin and 1.0% with amoxicillin/clavulanic acid.

Discussion

The changes in recommendations for the drug preference in treat-
ing UTI within the GP guideline in 2013 showed corresponding
changes in dispensing data. This was mainly pronounced in
women receiving fosfomycin, which became a drug of the second
choice in the revised guideline. Corresponding to the new guideline
recommendations, increased use of fosfomycin was mainly at the
expense of trimethoprim, which had changed ranks with fosfomy-
cin. Nitrofurantoin, which remained the first choice antibiotic in
the guideline update, was the most preferred antibiotic for uncom-
plicated UTI.

In 2013, the user number of fosfomycin increased from 61.3%
to 64,831, twice the increase from 2011 to 2012. In 2014, the

increase in the user number of fosfomycin was 56%, but in
2015, the increase in the user number was 23%. The use of fosfo-
mycin was already increasing before the 2013 review of the guide-
line. According to SFK (oral communication), the user number of
fosfomycin in 2008 was 14,928, which increased, with 20–30%
yearly, to 40,187 in 2012. This is not surprising as guidelines often
follow what is actually already happening in practice. There were
already reports that showed increasing antibiotic resistance against
trimethoprim and physicians started to prescribe fosfomycin when
literature reviews suggested its effectiveness. Inclusion in the
guideline as the second choice, however, gave the final boost not
only relatively, but also in the absolute number of fosfomycin users.
Because of the increase in 2013, the revision year of the guideline,
and also that in 2014 were twice the increase in 2012 and in the
years before, we regarded this increase as caused by the changes
in the guideline.

For subsequent antibiotic treatment in febrile UTI, ciprofloxa-
cin use increased as the newly advised first choice at the expense of
amoxicillin/clavulanic acid dispensings. Proportions of women
with an antibiotic for febrile UTI within 14 days after an uncom-
plicated UTI guideline antibiotic were low. Moreover, the propor-
tion of women on whom treatment for unresponsive UTI was
started remained stable over the study period. Thus, the increased
use of fosfomycin did not seem to imply more subsequent antibi-
otic UTI treatment compared to nitrofurantoin or trimethoprim,
suggesting a comparable effectiveness. However, more research
may be needed to unambiguously determine the effectiveness of
fosfomycin in UTI treatment as a five-day nitrofurantoin course
for uncomplicated UTI treatment was shown to lead to a better
cure after 28 days of follow-up compared to a single dose of fosfo-
mycin (Datta and Juthani-Mehta, 2018; Huttner et al., 2018a;
2018b; Vallee and Bruyere, 2018). Nitrofurantoin remained the
first choice because it causes less bacterial resistance compared
to other antibiotics. In the Netherlands, in 2017, resistance levels
of E coli for nitrofurantoin and fosfomycin in selected GP patients
were below 2% versus 24% for trimethoprim (Greeff and Mouton,
2019). Resistance may be underestimated in the GP practice, since
cultures are usually only performed after failure of initial therapy
or for a febrile UTI. Moreover, there is a concern of increasing
resistance for fosfomycin with widespread use. A study in Israel
showed an increase of fosfomycin resistance levels of E.coli from
20.7% in 2015 to 30.9% in 2016; and of 17.6% in patients 51 years
and younger versus 30.0% in older patients (Peretz et al., 2019).

0
10
20
30
40
50
60
70
80
90

100

2012 2013 2014 2015 2016 2017

Pe
rc

en
ta

ge
of

al
lu

se
rs

 

study year

nitrofurantoin fosfomycin trimethoprim

Figure 1. Percentages# of users of the first, second and
third choice guideline antibiotics for acute cystitisa in women
≥18 years between 2012 and 2017#.
#The proportions were calculated after extrapolation of the
number of users to the number of users of all community
pharmacies in the Netherlands within the corresponding
calendar year; in 2012, data were available from 1608 com-
munity pharmacies (81% of all community pharmacies), in
2013 data from 1681 pharmacies(85% of all community
pharmacies), in 2014 data from 1732 pharmacies (88% of
all community pharmacies) in 2015 data from 1774 pharma-
cies (90% of all community pharmacies), in 2016 data from
1806 pharmacies (91% of all community pharmacies) and
in 2017 data from 1765 pharmacies (89% of all community
pharmacies).
aNitrofurantoin, fosfomycin or trimethoprim.
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Consequently, the effectiveness of fosfomycin in UTI treatment
has to be monitored further.

A recent review stated that in postmenopausal women, the
choice of UTI antibiotics should involve efficacy, underlying
patient health conditions, and side effects (Jung and Brubaker,

2019). Nitrofurantoin is an appropriate first-line agent with known
efficacy and minimal potential for collateral damage. Although
nitrofurantoin remained the most dispensed antibiotic for all
age categories, the proportions of nitrofurantoin users were lower
in the older age categories, with higher proportions using

Table 2. Choice of guideline drugs for uncomplicated urinary tract infection in 2017 stratified for age category

Age category 18–30 31–40 41–50 51–60 61–70 71–80 >80

Usersa of:

at least one uncomplicated
UTI antibiotic (=n)

142,771b 89,001 96,547 116,924 123,627 114,818 103,525

nitrofurantoin (% of n) 129,933
(91.0%)

80,147
(90.1%)

84,504
(78.4%)

99,740
(85.3%)

102,362
(82.8%)

91,653
(79.8%)

76,393
(73.8%)

fosfomycin (% of n) 17,880
(12.5%)

11,782
(13.2%)

16,460
(15.3%)

23,729
(20.3%)

29,954
(24.4%)

33,687
(29.3%)

37,948
(36.7%)

trimethoprim (% of n) 6873 (4.8%) 5044 (5.7%) 6798 (6.3%) 9467 (8.1%) 12,323
(10.0%)

13,852
(12.1%)

15,409
(14.9%)

Startersc of:

at least one uncomplicated
UTI antibiotic (=n)

120,901b 75,120 79,312 93,305 95,309 85,457 74,984

nitrofurantoin (% of n) 107,843
(89.2%)

66,102
(88.0%)

67,562
(85.2%)

76,841
(82.4%)

75,077
(78.8%)

63,163
(73.9%)

49,776
(66.4%)

fosfomycin (% of n) 15,403
(12.7%)

10,139
(13.5%)

13,641
(17.2%)

19,012
(20.4%)

23,059
(24.2%)

24,925
(29.2%)

27,125
(36.2%)

trimethoprim (% of n) 5888 (4.9%) 4199 (5.6%) 5415 (6.8%) 7414 (7.9%) 9314 (9.8%) 10,031
(11.7%)

10,834
(14.4%)

Usersa of:

at least one febrile UTI antibi-
otic
within 14 days (% of n)

3586 (2.5%)b 2747 (3.1%) 3559 (3.7%) 5382 (4.6%) 7128 (5.8%) 8480 (7.4%) 10,806
(10.4%)

ciprofloxacin (% of n) 2026 (1.4%) 1509 (1.7%) 2277 (2.4%) 3497 (3.0%) 4460 (3.8%) 5502 (4.8%) 6817 (6.6%)

amoxicillin/clavulanic acid (%
of n)

1448 (1.0%) 1110 (1.2%) 1075 (1.1%) 1596 (1.4%) 2168 (1.8%) 2714 (2.4%) 3976 (3.8%)

co-trimoxazole (% of n) 242 (0.2%) 211 (0.2%) 339 (0.4%) 515 (0.4%) 645 (0.5%) 810 (0.7%) 888 (0.9%)

aThe number of users was extrapolated to the number of all community pharmacies in the Netherlands in 2017; in 2017, data were available from 1765 community pharmacies (89% of all
community pharmacies).
bThe sum of users of all guideline drugs per year is higher than 100% due to patients with more than one type of guideline drug per year.
cNo dispensing of the same drug within the preceding 12 months.

0

1

2

3

4

5

6

2012 2013 2014 2015 2016 2017

Pe
rc

en
ta

ge
of

al
lu

se
rs

study year

co-amoxiclav ciprofloxacin

co-trimoxazole

Figure 2. Percentages# of users of guideline antibiotics for
febrile UTIb within 14 days after the first, second or third
choice guideline antibiotics for acute cystitisa in women
≥18 years between 2012 and 2017.
#The proportions were calculated after extrapolation of the
number of users to the number of users of all community
pharmacies in the Netherlands within the corresponding cal-
endar year; in 2012, data were available from 1608 commu-
nity pharmacies (81% of all community pharmacies), in 2013
data from 1681 pharmacies (85% of all community pharma-
cies), in 2014 data from 1732 pharmacies (88% of all commu-
nity pharmacies) in 2015 data from 1774 pharmacies (90% of
all community pharmacies), in 2016 data from 1806 pharma-
cies (91% of all community pharmacies) and in 2017 data
from 1765 pharmacies (89% of all community pharmacies).
aNitrofurantoin, fosfomycin or trimethoprim.
bCiprofloxacin (first choice in 2017), amoxicillin/clavulanic
acid (second choice in 2017) or co-trimoxazole (third choice
in 2017).
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fosfomycin and – to a lesser extent – trimethoprim. From dispens-
ing data, we cannot elucidate the prescribers’ considerations for a
higher preference of fosfomycin and trimethoprim in older age cat-
egories. Possibly, prescribers preferred the ease of use of a single
dose uncomplicated UTI treatment such as fosfomycin because
of easier compliance in a population with potentially more drugs
with chronic usage (Jung and Brubaker, 2019; Ernst et al., 2020).
Another reason for choosing an alternative to nitrofurantoin may
have been drug shortages, which in the Netherlands for sustained
release nitrofurantoin have occurred, at least for a limited number
of months in 2013, 2015 and 2017 (KNMP), Although direct
release nitrofurantoin always was available, this alternative needs
four daily dosages. This dosage regimen may hamper adherence,
especially in cognitively impaired elderly patients, and may have
further stimulated switching to the more user-friendly one-off fos-
fomycin daily regimen.

Prescribers may have also chosen to avoid nitrofurantoin in
elderly patients as nitrofurantoin is contraindicated with impaired
renal function. According to a number of studies, this is only the
case in seriously impaired renal function (eGFR < 30 mL/min)
(Singh et al., 2015; Hoang and Salbu, 2016). A recent study, how-
ever, showed that in eGFR ≥ 60 mL/min treatment with fosfomy-
cin or trimethoprim for uncomplicated UTI was associated with
more clinical failure than treatment with nitrofurantoin, while
in eGFR < 60 mL/min nitrofurantoin was associated with more
clinical failure than fosfomycin. Accordingly, renal function, if

known, could be considered in the clinical decision-making for
uncomplicated UTI treatment (ten Doesschate et al., 2020).

The number of women, 18 years and older, with uncomplicated
UTI in absolute terms increased between 2012 and 2017, but the
increase can most likely be attributed to demographic develop-
ments. The total number of all women in the Netherlands in
2012 was 8,447,477, which increased by 158,928 up to 2017.
During these years the mean age increased from 41.5 to 42.5 years
(CBS, 2020). We hypothesise that this slight increase can be attrib-
uted to the ageing of the female population and the fact that older
women more frequently have UTI.

Overall, uncomplicated UTI treatment was mainly initiated by
GPs, which corresponds with the Netherlands’ policy for UTI to
mainly be treated in primary care.

Within the three UTI guideline drugs, proportions of starters
with a GP prescription were comparable. Nitrofurantoin remained
the most preferred UTI antibiotic in starters during the study
period and the increase of fosfomycin starters was mainly at the
expense of trimethoprim.

Stratification for age categories in 2017 showed that the propor-
tions of women with subsequent antibiotic treatment for febrile
UTI increased with age. As this might have been due to treatment
failure of the UTI guideline antibiotics, their effectiveness in the
elderly should be monitored.

Compared to studies from other countries, the changes in anti-
biotic preferences in the UTI guideline in the Netherlands quickly
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Figure 3. Percentages# of users of the first, second and
third choice guideline antibiotics for acute cystitis treatmenta

in women ≥18 years, stratified for age categories in 2017
#The proportions were calculated after extrapolation of the
number of users to the number of users of all community
pharmacies in the Netherlands in 2017; in 2017, data were
available from 1765 community pharmacies (89% of all com-
munity pharmacies).
aNitrofurantoin, fosfomycin or trimethoprim.
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corresponded with changes in UTI antibiotic prescriptions. Studies
in New Zealand (Gauld et al., 2016) and the US (Grigoryan et al.,
2015; Durkin et al., 2018) reported poor GP adherence to recom-
mended uncomplicated UTI prescribing guidelines. Percentages of
patients treated with fluoroquinolones for uncomplicated UTI var-
ied from 20% in New Zealand to 50% in the US, and percentages of
patients treated with nitrofurantoin varied from 14% to 35%. The
quickly implemented changes in the Netherlands may show a high
trust of the GPs in this country to their guidelines and also reflect a
good communication in guideline changes and effort for guideline
implementation. In the Netherlands, a study on the implementa-
tion of Dutch GP guidelines showed that the most preferred imple-
mentation strategy by GPs were interactive small group meetings
(84% rated this as much or very much encouraging), audit and
feedback (53%), organisational interventions like changes in the
practice setting (50%) and the use of local opinion leaders (50%)
as methods for improving guideline adherence. In the Netherlands,
GPs and pharmacists have regular pharmacotherapeutic auditmeet-
ings in which guideline changes are discussed (de Vries et al., 1999;
Muijrers et al., 2003). Moreover, in the audit meetings, agreements
for improvement are made and subsequently monitored (Teichert
et al., 2007). This complies with the recommendations of a study
in the UK to implement a national programme of training and
accreditation for medicines optimisation pharmacists (Croker
et al., 2019). Furthermore in the Netherlands, guideline recommen-
dations are implemented in the electronic prescribing systems,
which also may have contributed to quick changes in prescribing
behaviour (Lugtenberg et al., 2014).

Strengths and limitations

A strength of this study is that dispensing data from a majority of
all community pharmacies in the Netherlands was at our disposal.
The antibiotics under investigation were available by prescription
only; thus, themedication was completely covered by our database.

A limitation of this study is that we did not have information on
the diagnoses and the outcome of treatment. On the other hand,
the study drugs for uncomplicated UTI are specific for this indi-
cation and thus misclassification is unlikely.

Additionally, we were not able to distinguish nitrofurantoin or
trimethoprim use for prophylactic use from acute UTI treatment.
Continuous antibiotic prophylaxis for 6–12 months reduces the
rate of UTI during prophylaxis when compared to placebo. If
women with continuous prophylaxis have a recurrence the
guideline advises treatment with one of the other guideline anti-
biotics for uncomplicated UTI. In a period of 12 months, thera-
peutic use also often overlaps with prophylactic use because (1)
continuous antibiotic prophylaxis for 6–12 months reduces the
rate of UTI during prophylaxis when compared to placebo and
(2) prophylaxis does not appear to modify the natural history
of recurrent UTI and most women revert back to their previous
patterns of recurrent UTI once prophylaxis is stopped (Albert
et al., 2004; Kranjcec et al., 2014). In spite of that, we may have
mistaken nitrofurantoin or trimethoprim use for UTI treatment
instead of prophylaxis. On the other hand, we do not have any
reason to assume that this misclassification would be differential
during the years of our study period, and thus we do not expect
bias for the comparison of the percentages of drug users during
the years. However, should the user numbers of nitrofurantoin
and trimethoprim be overestimated, then the estimation of fos-
fomycin user proportions within all users of UTI treatment might
be underestimated.

In our cross-sectional study design, the starters consisted of
first-time starters and women that switched from another guide-
line antibiotic within the same year. On the other hand, we do
not expect any bias from comparisons of switching between
uncomplicated UTI guideline drugs.

We assumed that a dispensing of ciprofloxacin, amoxicillin/
clavulanic acid, or co-trimoxazole within 14 days after an uncom-
plicated UTI antibiotic indicated progression to febrile UTI, but
these antibiotics may have been used for multiple indications.
By only including the use of these drugs within a 14-day period
after dispensing one of the three uncomplicated UTI guideline
antibiotics, we minimised the likelihood that these antibiotics were
prescribed for other indications, but this cannot be completely
excluded. As ciprofloxacin and amoxicillin/clavulanic acid are used
for many different indications, dispensing data did not allow us to
analyse the proportion of women with uncomplicated UTI that
received these antibiotics as initial medication. Because ciproflox-
acin was first choice for treatment of complicated UTI, we expect
GPs to prefer this antibiotic, comparable to the treatment for unre-
sponsive UTI, when they chose to prescribe a non-guideline anti-
biotic for uncomplicated UTI. Moreover, a recent study on the use
of antibiotics in the Netherlands compared to Germany showed
that the overall use of ciprofloxacin in the Netherlands is very lim-
ited and much lower than the uncomplicated UTI antibiotics stud-
ied (Gradl et al., 2018). Consequently, while ciprofloxacin and
amoxicillin/clavulanic acid may sometimes have been prescribed
as initial treatment for uncomplicated UTI, the proportion of
women that received these drugs as initial treatment must be
negligible.

Summary and conclusion

This study shows substantial changes in UTI prescribing behaviour
after UTI guideline changes in 2013. This may have been facilitated
by clear guideline recommendations and a broad implementation
strategy with regular pharmacotherapeutic audit meetings and
incorporation of the GP guideline recommendations in the elec-
tronic prescribing systems.
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