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Abstract

Background: Urinary tract infections (UTls) are among the most common infections that require antibiotic therapy.
In December 2015, new guidelines for UTI management were published in France with the aim of reducing
antibiotic misuse and the risk of antimicrobial resistance.

Objectives: To analyze changes in antibiotic prescribing behavior for acute uncomplicated UTl in women in France
from 2014 to 2019.

Methods: Retrospective study using data extracted from the medico-administrative database ‘OpenMedic’ that is
linked to the French National Health Data System and collects data on the reimbursement of prescribed drugs. The
analyses focused on the number of boxes of antibiotics delivered by community pharmacies, the molecule class,
and the prescriber’s specialty.

Results: Overall, antibiotic dispensing by community pharmacies increased by 2% between 2014 and 2019, but
with differences in function of the antibiotic class. The use of antibiotics recommended as first-line and second-line
treatment increased (+41% for fosfomycin and + 7430% for pivmecillinam). Conversely, the dispensing of
lomefloxacin and norfloxacin decreased by 80%, and that of ciprofloxacin by 26%. Some antibiotics were mostly
prescribed by general practitioners (lomefloxacin, pivmecillinam) and others by secondary care physicians
(ofloxacin). Dispensing increased for antibiotics prescribed by secondary care physicians (+ 13% between 2014 and
2019) and decreased for antibiotics prescribed by GPs (— 2% for the same period).

Conclusion: These data suggest that the new recommendations are followed, as indicated by the increased
prescription of fosfomycin and pivmecillinam and decreased prescription of fluoroquinolones. However, the
efficient transmission and implementation of new recommendations by practitioners requires time, means and
dedicated tools.

Keywords: Urinary tract infection, Antimicrobial resistance, Antibiotic consumption, Guideline adherence, Prescriber-
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Background

Urinary tract infections (UTIs) are among the most
common bacterial infections, particularly in women [1-
3]. Yet, UTI incidence is difficult to estimate because
this is not a reportable disease in many countries and in
primary care settings the diagnosis may not be always
confirmed by urine testing. Previous studies found that
about 10% of > 18-year-old women presented UTI symp-
toms in the 12 months preceding the survey, and that
approximately 50% of women had at least one episode of
cystitis during their life [1, 4]. In France, 4 to 6 million
people have UTI each year. It is one of the main reasons
for consulting a general practitioner (GP) [3, 5, 6].

UTIs, particularly acute uncomplicated cystitis, are
usually treated with short-course antibiotic regimens.
However, bacterial resistance to some antibiotics cur-
rently used for managing community-acquired UTIs has
been detected in primary care settings and hospitals
worldwide [7-9]. Antimicrobial resistance (AMR) is con-
sidered one of the most important threats to modern
medicine by the World Health Organization (WHO) [8,
10, 11]. According to a recent WHO report, bacterial re-
sistance has been found in almost 40% of human infec-
tions in some developed countries [12]. In the case of
UTIs, antibiotic resistance is associated with delayed
symptom resolution, and might cause pyelonephritis [13,
14]. Therefore, to limit AMR increase, recommendations
on UTI management are regularly updated by the health
authorities and scientific societies [7, 15, 16]. For in-
stance, the current guidelines indicate that in women
with uncomplicated UTI, fluoroquinolones (e.g. lome-
floxacin and norfloxacin) should only be prescribed as
last-line treatment [15, 17]. In France, the Société de
pathologie infectieuse de langue frangaise (French infec-
tious disease society) and the Haute autorité de la santé
(French national health authority) updated their guide-
lines on UTI management in December 2015 and now
recommend a single dose of fosfomycin for acute un-
complicated cystitis (Table 1). Moreover, to limit the use
of lomefloxacin and norfloxacin, the French authorities
decided to stop their reimbursement from June 2019.
Additionally, several public health campaigns have been
deployed to make people aware of AMR risk and to ex-
plain the correct use of antibiotics [10, 20-22].
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The objective of this study was to analyze how anti-
biotic prescriptions for the management of acute un-
complicated UTT in women changed in France between
2014 and 2019 to determine whether and to what extent
these new guidelines have been implemented. Indeed, to
reduce AMR, it is important to study the impact of
health policies, recommendations, and awareness cam-
paigns on the physicians’ prescribing behaviors.

Method

Study design

Retrospective study based on data extracted from a
medico-administrative database linked to the Systéme
National Interrégimes de [I’Assurance Maladie (French
National Health Insurance System).

Choice of database

The ‘OpenMedic’ database collects data from the Sys-
téme National des données de santé (National Health
Data System) and was selected because it provides ex-
haustive information on drugs (Anatomical Therapeutic
Chemical, ATC, classification) dispensed by community
pharmacies to the entire French population since 2014
[23]. This database, available online and with an open li-
cense, allows determining the origin of drug prescrip-
tions presented to community pharmacies and
investigating drug utilization in France (reimbursed and
non-reimbursed drugs). These data are collected by the
Caisse Nationale de [I’Assurance Maladie (French Na-
tional Health Insurance System), in charge of medication
reimbursement in France.

Choice of antibiotics

Only data on antibiotics included in the 2015 guidelines
on UTI management were selected from the ‘OpenMe-
dic’ database (Table 1) [3, 7, 19, 24]. Some of these anti-
biotics are only used for treating acute cystitis
(fosfomycin, nitrofurantoin, and lomefloxacin), while
others are prescribed for UTI management in general
(pivmecillinam and norfloxacin) and also for other infec-
tion types (ciprofloxacin, ofloxacin and norfloxacin). To
limit the lack of information on the indication in the
database, only oral antibiotics were selected (ear and eye
drops, and injectable forms were removed). All

Table 1 French guidelines for the treatment of acute uncomplicated cystitis

Before December 2015 [18]

From December 2015 [7, 19]

Fosfomycin as a single dose

Pivmecillinam for 5 days

First line Fosfomycin as a single dose
Second line Nitrofurantoin for 5 days

Fluoroquinolone® as single dose (ciprofloxacin, ofloxacin)

Fluoroquinolone® for 3 days (ciprofloxacin, lomefloxacin, norfloxacin, ofloxacin)
Third line

Nitrofurantoin for 5 days
Fluoroquinolone?® as single dose (ciprofloxacin, ofloxacin)

@ The use of fluoroquinolone is not indicated if another quinolone has been taken in the previous six months, regardless of the indication
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antibiotics dispensed by French pharmacies are only
available as prescription drugs and not as over-the-
counter drugs.

Inclusion criteria and study variables

As the OpenMedic database does not give the reason
(i.e. diagnosis) that led to the antibiotic prescription,
some of the variables available in this database (Add-
itional file 1: Table 1) were selected as inclusion criteria
to obtain a patient typology as close as possible to that
of a woman with uncomplicated UTT:

— Female sex (exclusion of men and unknown sex);

— Age between 20 and 59 years (age > 65 years may be
a risk factor for UTI complications, according to the
French recommendations [19]);

— Living in France;

— The selected antibiotics were identified using the
fifth level (i.e. chemical substances) of the ATC
classification and their presentation ID code (to
select only oral antibiotics).

Among the 25 different types of prescribers available
in this database (Additional file 1: Table 1), two categor-
ies were selected: general practitioners (GPs) and sec-
ondary care physicians (including emergency services
and physicians/GPs working in private clinics and resi-
dential care homes). These physicians are the most ac-
cessible and appropriate for the management of
uncomplicated UTTs; these two categories alone account
for more than 90% of all prescriptions.

Statistical analysis
The French healthcare system and particularly the mo-
dalities for prescribing and dispensing drugs did not
allow us to use the daily defined dose to describe anti-
biotic consumption. Therefore, we used the number of
boxes of a specific antibiotic dispensed by community
pharmacies per year. Indeed, the database counts the de-
liveries per patient over a year in a binary way (no =0/
yes 21), regardless of the number of boxes dispensed to
that patient during that year (1 episode =1 delivery / 5
episodes =1 delivery). Moreover, the delivery of two
boxes of the same antibiotic type does not imply that a
patient took all the tablets contained in the two boxes
(e.g. pivmecillinam). Similarly, the delivery of four boxes
of the same molecule does not imply that the four boxes
were used to treat a single episode (e.g. fosfomycin).

The various analyses focused on the number of boxes
of the main antibiotics indicated for UTI delivered by
community pharmacies for each year and the prescriber

type.

Page 3 of 9

Results

Changes in antibiotic delivery from 2014 to 2019

Overall, the number of antibiotic boxes commonly used
for UTI treatment and dispensed by community phar-
macies (Fig. 1A) increased by 6% from 2014 to 2018 (3,
984,834 boxes prescribed in 2014 and 4,227,236 in
2018), and then slightly decreased from 2018 to 2019 (4,
056,035 prescribed boxes in 2019), resulting in a 2% in-
crease during the study period. However, this relative
stable trend hid differences among antibiotic classes
(Fig. 1B). Specifically, the prescription of pivmecillinam,
an antibiotic that is now recommended as second-line
treatment, progressively and rapidly increased (+434%
in 2015, +4107% in 2017, + 7430% in 2019; 6000 boxes
were delivered in 2014 and more than 467,000 in 2019).
The delivery of fosfomycin (the first-line drug for un-
complicated UTI) also progressively increased, but more
slowly (+ 9% in 2015, + 28% in 2017, and + 41% in 2019).
On the other hand, the delivery of lomefloxacin and nor-
floxacin strongly decreased, particularly in 2019 (- 82%
and — 88%, respectively, compared with 2014). Ciproflox-
acin and ofloxacin consumption showed a smaller de-
crease (—26% and — 30%, respectively, in 2019 compared
with 2014), while nitrofurantoin delivery remained stable
(- 0.6%) during the study period.

GPs were the most common prescribers of antibiotics
for UTI management (76% of all antibiotic prescriptions
for UTIL; approximately 4.2 million antibiotic boxes per
year counted by the French National Health Insurance
system), followed by secondary care physicians (16% of
all antibiotic prescriptions). These two categories alone
were responsible for more than 92% of all prescriptions.

Changes in antibiotics delivered depending on the
Prescriber’s type

To evaluate the implementation of the 2015 UTI recom-
mendations, the prescribing patterns of GPs and second-
ary care physicians were investigated (Fig. 2). During the
study period, their prescribing behavior changed in line
with the national recommendations, but some differ-
ences could be observed between GPs (Fig. 2A) and sec-
ondary care physicians (Fig. 2B).

Fosfomycin remained the most prescribed molecule,
and its delivery by community pharmacies increased
over time (+39% for GPs and + 74% for secondary care
physicians between 2014 and 2019). Conversely, the pre-
scription of pivmecillinam, which is now recommended
as a second-line treatment, increased more among GPs
than secondary care physicians (respectively +8207%
and + 3913%). However, nitrofurantoin prescription fre-
quency did not change in both groups. Ciprofloxacin
and ofloxacin were preferentially prescribed by second-
ary care physicians than by GPs. In 2019, these two mol-
ecules appeared in 37% of secondary care physicians’
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Fig. 1 Changes in antibiotic consumption, in France, between 2014 and 2019. a Overall consumption (assessed as number of boxes dispensed by
community pharmacists per year) of the main antibiotic classes used for UTI management (fosfomycin, pivmecillinam, nitrofurantoin,
ciprofloxacin, ofloxacin, norfloxacin, and lomefloxacin); b Temporal changes in the delivery by community pharmacists of the indicated antibiotics

prescriptions and in 18% of GPs’ prescriptions. Con-
versely, lomefloxacin and norfloxacin, which are no longer
reimbursed since June 2019, were more frequently pre-
scribed by GPs than secondary care physicians. In 2014,
they represented 27 and 9% of all molecules prescribed by
GPs and secondary care physicians, respectively. In 2019,
they represented only 4 and 2% of all prescriptions by GPs
and secondary care physicians, respectively.

Overall, the main trends observed in Fig. 1 (increase in
2018 before a decrease in 2019) were also detected for
the antibiotic prescribing behaviors of GPs (+3% be-
tween 2014 and 2019), but not of secondary care physi-
cians (+ 18% for the same period).

Discussion
Main results
The OpenMedic data, which reflect the antibiotic deliv-
ery by community pharmacies, showed variations

according to the molecule class and the prescriber con-
sidered. We observed the emergence of pivmecillinam,
an increase of fosfomycin, and a large decrease of nor-
floxacin and lomefloxacin prescriptions. This very large
decrease, more than 80%, for lomefloxacin and norfloxa-
cin is an accomplishment on its own. Although the non-
reimbursement of these molecules was implemented
only at the end of the study period (in 2019), their pre-
scription progressively decreased since the beginning of
the study (in 2014). As the French national health au-
thority opinion to end their reimbursement was issued
in February 2017, we can hypothesize that these two
years allowed prescribers to be informed about the deci-
sion, and to get acquainted with the new recommenda-
tions [25, 26]. In addition, in France, most patients do
not need to pay for their medications at the community
pharmacy because the Health Insurance System pays dir-
ectly the pharmacists. Therefore, they may not
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understand and accept to pay for an antibiotic prescribed
by a physician for UTIL. As a consequence, they may refuse
to buy the antibiotic, they may go to another physician, or
they may ask the pharmacist to contact the prescriber in
order to change the prescribed antibiotic molecule [27].

Some molecules were more specific to a specific
prescriber. For example, pivmecillinam was prescribed
mainly by GPs, and ofloxacin by secondary care phy-
sicians. In 2019, about 16% of fosfomycin prescrip-
tions were by secondary care physicians who are
working in centers in which the resources and tech-
nical facilities are not designed to manage acute un-
complicated UTIL. This could mirror the increase in
the use of the emergency department even for minor
health problems, particularly during weekends and
weeknights (i.e. when GPs are often not on duty in
France) [5, 28, 29]. Indeed, such prescriptions were
mainly issued in a hospital, but the antibiotic was dis-
pensed by a community pharmacy.

The finding about the high percentage of fluoroquinolone
(ciprofloxacin, ofloxacin) prescriptions by secondary care
physicians should also be considered with caution because
they are prescribed for many infections that are often more
serious than UTL Moreover, the recommendations for other
common infectious diseases were not changed during the
study period. For instance, the latest recommendations for
adult lower respiratory tract infections were published in
2010 [30] and for upper respiratory tract infections in 2011
[31]. Conversely, the proportion of pivmecillinam prescrip-
tions increased in both groups but much more in the GP
group. Overall, these differences can be explained by the fact
that uncomplicated UTIs are, in theory, managed by GPs,
while complicated infections are treated in hospital and do
not have the same recommendations and treatments [7, 15].

Impact of expert recommendations and health policies
The study by Grol et al. focused specifically on the most
effective ways to implement new scientific evidence in
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the daily medical practice [32]. Many tools are available
for policymakers and practitioners, but no method
seems to perform better than the others. Therefore, the
choice of tool should be based on the specific environ-
ment and the health professionals targeted by the new
recommendations/changes. Moreover, such tool should
also allow regularly assessing the impact of the new
measures.

The year 2016, when the new recommendations were
implemented, was characterized by the strong increase
in the delivery of pivmecillinam, which officially entered
the therapeutic arsenal, and the significant decrease of
ciprofloxacin. However, as the physicians’ adherence to
recommendations is poor, policymakers should combine
the publication of new guidelines with interventions to
convince prescribers [24, 33-37]. For example, in Eng-
land, to reduce inappropriate UTI management, and to
limit the risk of trimethoprim resistance, the National
Health Service introduced the ‘Quality Premium’ pro-
gram in 2016 with the aim of reducing trimethoprim
prescriptions through financial incentives [38]. Similarly,
the French health authorities concluded that lomefloxa-
cin and norfloxacin have insufficient medical value and
decided to stop their reimbursement at the beginning of
2019 to limit their use. This measure seems to be useful,
as indicated by the very strong decrease in their delivery
in 2019 and was supported by a broad-based communi-
cation (scientific congresses, websites and newsletters) to
promote the new recommendations. For example, some
very synthetic ‘memos’, including the key messages of
the new recommendations were proposed [19].

The Infectious Diseases Society of America introduced
new guidelines for UTI treatment in 2011 [39]. To meas-
ure compliance with these new recommendations, a retro-
spective analysis was carried from 2009 to 2013. The
authors observed a positive change in the choice of anti-
biotic class. Conversely, the new guidelines did not seem
to improve the inappropriate duration of antibiotic ther-
apy. According to the authors, antimicrobial stewardship
(AMS) interventions are needed to improve antibiotic pre-
scribing for uncomplicated UTIs. AMS initiatives are
regularly deployed in hospitals to prevent AMR. An AMS
strategy implemented in emergency departments in Ohio,
United States of America, was based on a two-step inter-
vention [40]: i) an electronic order set based on the most
recent guidelines for UTI treatment, with a financial in-
centive for its use, followed by ii) an audit and feedback.
The first step of this AMS intervention led to a significant
increase in the adherence to guidelines (from 44 to 68%)
that continued to increase to 82% after the second step.

How to improve the implementation of recommendations
Besides the application of recommendations in terms of
drug choice, it is important also to use the most adapted
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care pathway. Indeed, acute cystitis should be managed
only by GPs and community pharmacists. However, un-
complicated UTIs are still a frequent reason to visit
emergency departments [28, 41].

Moreover, all physicians, and particularly GPs should
be aware of the need to comply with the latest recom-
mendations to reduce AMR [42]. One of the keys to the
successful implementation of new recommendations is
knowledge transfer, and many solutions are already
available [43]. For example, a computerized decision
support platform can be a tool to translate complex
healthcare knowledge into everyday practice [44]. A
study evaluated the impact of a mobile phone applica-
tion to increase guideline adherence by prescribers car-
ing for inpatients with community-acquired pneumonia
or urinary tract infections [45]. The authors observed an
increase in the adherence to the antibiotic guidelines,
but only for pneumonia management. Nonetheless, this
type of tool seems to work for prescribers. Indeed, 145
health workers downloaded the application during the
study period, and more than 3000 downloads were re-
corded several months later. In France, several quick
and simple computer tools (e.g. Antibioclic® and Vidal
Recos® [46, 47]) are already available to find the recom-
mended care pathway and most suitable treatment.

Some barriers need to be overcome. Communication, es-
pecially between GPs and institutions, is an important point
[48]. Scientific societies and institutions have to work with
physicians to make these recommendations more “user-
friendly”. Physicians could be included in the groups involved
in guideline drafting to make them accessible to all and as
close as possible to the real practice conditions. All the main
concerned parties (clinicians, researchers, knowledge users,
and institutions) should be brought together to identify com-
mon challenges and success factors for the implementation
of a new program [49].

More than insufficient knowledge, lack of agreement
with the recommendations and lack of applicability seem
to be the main barriers to guideline adherence [50]. To
overcome these barriers, education sessions could be
proposed where small groups of GPs (or other health-
care professionals) can analyze their current practices
and find ways to include the new recommendations [37,
40]. This approach is useful, but possibly not in the long
term [51].

Several studies have assessed the impact of AMS in
hospital settings, but very few in communities [52—55].
A recent article examined specifically AMS interventions
in the community [56], and again, found that education-
focused interventions seem to be efficient to limit AMR.
They also highlighted the lack of research on this topic
in communities.

A systematic review in English primary care tried to
identify ways to optimize AMS interventions [57]. The
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authors identified 41 types of influences on antibiotic
prescribing that were categorized in six theoretical do-
mains frameworks. To improve guideline implementa-
tion, they suggested, for example, electronic decision
support tools, workshops on antibiotic prescribing, and
implementing evidence-based practice protocols. They
stressed that these types of AMS interventions should be
implemented also in other primary care settings, such as
community pharmacies.

Moreover, the collaboration between physicians and com-
munity pharmacists could be strengthened, particularly when
they work in the same community. The pharmacist could
contribute to optimize the prescription of antibiotics for
UTIs and help to limit unnecessary antibiotic exposure [58—
60]. Different quality indicators (e.g. dosage, duration, anti-
biotic/antibiogram suitability) were improved after a pharma-
cist's intervention (>96% of conformity for treatment
duration and 98% for posology) [58].

Limitations

The lack of knowledge on the diagnosis is one of the
biggest limits of this study. Despite the inclusion criteria
based on sex and age, we cannot be sure that the deliv-
ered antibiotics were prescribed for UTI, although some
of them (e.g. fosfomycin) should be used only for acute
uncomplicated UTI in women. Moreover, the lack of in-
formation on the diagnosis did not allow checking the
relevance of the antibiotic prescriptions. Therefore, anti-
biotics that can be used also for other indications were
restricted to oral forms only, by eliminating all deliveries
of ocular, auricular and injectable formulations.

The analysis of the number of boxes dispensed did not
allow knowing the number of UTI episodes per year.
Some treatments, for an episode, requires two boxes of
antibiotics (pivmecillinam) and in other cases, the anti-
biotic can be used continuously for the prevention of re-
current cystitis (fosfomycin). Therefore, this analysis was
based on an exhaustive result. The number of con-
sumers, also available in this database, induced other
biases (if a woman had three UTI episodes in the same
year and was treated with the same antibiotic, she would
have been counted only as one consumer). Data on the
daily defined doses instead of the number of boxes
would improve accuracy, and also allow comparing the
French data with those of other countries.

Only the antibiotics recommended for UTI were se-
lected, but others are prescribed to treat UTI (e.g.
trimethoprim-sulfamethoxazole). Moreover, a drug dis-
pensed in a pharmacy may be not taken by the patient
for different reasons, including negative results of the
urine culture. Finally, the non-reimbursement of lome-
floxacin and norfloxacin from 2019 may have led to
underreporting of their dispensing (if pharmacists do
not submit the invoice to Health Insurance).
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Another limitation concerns the database. As variables
are limited, particularly the age groups (0—20 years, 20—
60 years, more than 60 years), we could not assess differ-
ences in antibiotic prescriptions to women of different
ages. It would be relevant to have narrower age classes
for future analyses.

Future research
It should be important to code each medical procedure
to allow a more detailed and objective analysis of anti-
biotic prescription practices and adherence to recom-
mendations [14, 38, 61]. The knowledge of the diagnosis
should also be useful for community pharmacists to
check the antibiotic prescription appropriateness.
Besides, it would be interesting to follow a cohort of
patients to analyze their care pathway (category of prac-
titioners, time required to receive the diagnosis and
treatment, etc.) to identify and propose strategies to im-
prove adherence to healthcare guidelines.

Conclusion

To limit AMR, the French authorities reviewed their rec-
ommendations for UTI management in 2015 and fluoro-
quinolones are now only recommended as a last resort
for uncomplicated infection. The new recommendations
seem to be increasingly followed, on the basis of the
changes in the delivery of antibiotics recommended for
UTI treatment: an increase of fosfomycin and pivmecilli-
nam, and a decrease of fluoroquinolones.

However, there is still place for improvement. Health
policymakers must encourage and promote adherence to
such recommendations. Financial motivations, audits
and feedback, educational interventions, implication of
primary healthcare professionals, prescriber-pharmacist
collaborations are among the many resources available
to help physicians. These approaches are particularly
useful in primary care, where most patients go for UTI
and where the potential is high to significantly limit
AMR.
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