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Summary
INTRODUCTION: Inappropriate antibiotic prescribing dri-
ves antimicrobial resistance. Although the Swiss Society
of Infectious Diseases has introduced national guidelines
for common infectious diseases starting from 2019, it re-
mains unclear whether family physicians and paediatri-
cians adhere to them and what factors influence their pre-
scriptions. The aims of this study were to assess whether
Swiss family physicians and paediatricians make appropri-
ate antibiotic choices in accordance with national guide-
lines and to identify physician- and patient-related factors
associated with the prescribing of not-recommended an-
tibiotic choices for specific indications.

METHODS: A cross-sectional study analysed the choice
of antibiotics (2017–2022) by indication from a sentinel
physician surveillance network, comparing them to adult
(16+) and paediatric national guidelines. Indications in-
cluded pharyngitis, sinusitis, otitis media, pneumonia,
chronic obstructive pulmonary disease exacerbation
(adults only) and upper and lower urinary tract infections
(adult females only). Descriptive analysis and pre- and
post-guideline comparisons were conducted. A multilevel
logistic regression model assessed factors influencing
prescribing of not-recommended antibiotics across sever-
al clinical indications.

RESULTS: A total of 52,098 observations were analysed.
The overall proportion of not-recommended antibiotic pre-
scriptions was 18% for adults and 19% for children. The
proportion of not-recommended antibiotics ranged from
8% (lower urinary tract infection) to 39% (sinusitis) in
adults, and from 5% (sinusitis) to 38% (pharyngitis) in
children. The proportion of not-recommended antibiotics
decreased following guideline implementation for all indi-
cations for children and for sinusitis (48% vs 39%) and
pneumonia (19% vs 15%) for adults. A multilevel model
revealed that certain clinical indications – such as pharyn-
gitis – were associated with higher odds of prescribing
not-recommended antibiotics. Additionally, family physi-

cians (compared to paediatricians), older physician age
and physicians’ perception of a favourable patient attitude
to the antibiotic were also linked to increased prescribing
of not-recommended antibiotics.

CONCLUSIONS: Swiss family physicians and paediatri-
cians show high levels of non-adherence to national
guidelines across several indications, with limited change
post-guideline implementation. Certain demographic char-
acteristics of physicians and patient behaviour exacerbate
these inappropriate prescribing habits. These insights in-
dicate the need to enhance guideline dissemination and
adoption by considering physicians’ needs.

Introduction

Antimicrobial resistance causes significant morbidity and
mortality worldwide [1]. Misuse of antibiotics contributes
to the development of antimicrobial resistance. Appropri-
ate use of antibiotics is defined as prescribing antibiotics
according to guidelines or more broadly by the World
Health Organization (WHO) and others who emphasise
prescribing antibiotics only when necessary, alongside em-
ploying a suitable regimen, dosage, mode of delivery and
treatment duration [2, 3]. Optimisation of use of antibiotics
is one of the objectives of the global action plan on antimi-
crobial resistance developed by the WHO [4].

Antibiotic prescribing in outpatient care accounts for most
antibiotics prescribed in many countries [5–7]. Therefore,
the outpatient sector represents an important target for an-
timicrobial stewardship (AMS) activities aimed at reduc-
ing antimicrobial resistance. The proportion of inappro-
priate antibiotic prescribing in outpatient care can reach
71% [8]. Inappropriateness depends on the indication, with
higher proportions of inappropriate use for respiratory tract
infections (22–71 %) and lower proportions for urinary
tract infections (2–37%) [8–12].

In Switzerland, 87% of all antibiotics are prescribed in out-
patient care [7] of which most are prescribed for respi-
ratory tract infections, 47%, and urinary tract infections,
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32% [13]. In an effort to reduce inappropriate antibiotic
prescribing, starting from 2019 the Swiss Society of In-
fectious Diseases (SSI) introduced national guidelines for
common infectious diseases, for both adults and children
[14]. However, it remains unclear whether Swiss family
physicians and paediatricians prescribe the antibiotics rec-
ommended by these guidelines.

Factors associated with increased likelihood of inappro-
priate antibiotic prescribing include patient-related factors,
for example patient’s demand for antibiotic prescription,
physician-related factors such as greater work experience,
and factors related to professional culture, for example un-
awareness of the role of primary care in development of
antimicrobial resistance, incompleteness of guidelines or
guidelines not tailored to the realm of family medicine
consultations [15–20].

The aims of this study were to assess whether Swiss family
physicians and paediatricians make appropriate antibiotic
choices in accordance with national guidelines and to iden-
tify physician- and patient-related factors associated with
the prescribing of not-recommended antibiotic choices for
specific indications.

Methods

Study design

We conducted a cross-sectional study using antibiotic pre-
scription reports from a sentinel physician surveillance net-
work for the period 2017–2022.

Data source

Sentinella is a representative surveillance network consist-
ing of approximately 200 Swiss family physicians and pae-
diatricians who report to the Swiss Federal Office of Public
Health (FOPH) on various topics related to infectious dis-
ease surveillance, including antibiotic prescribing by clini-
cal indication [21, 22]. The study team was commissioned
by the Federal Office of Public Health to analyse data from
the Sentinella surveillance network as part of routine sur-
veillance activities. As such, no formal protocol was pre-
pared or published for this study.

Physicians participating in Sentinella report weekly on
every patient for whom they have prescribed an antibiotic
therapy. While the majority of physicians participating in
Sentinella are consistent participants over several years,
some rotate in and out annually. Data included a deiden-
tified physician code but no patient identifier, hence it
was impossible to determine whether multiple prescribing
episodes corresponded to the same patient.

Each observation contained the following information: in-
dication (predefined categories), antibiotic class (prede-
fined categories), patient age in years, consultation date,
sex, patient’s attitude towards the prescription according
to the physician (neutral, favourable, unfavourable). Physi-
cian-level data included deidentified physician code, spe-
cialty (general internal medicine or paediatrics), type of
practice (individual or group), canton, municipality, urban-
rural typology of the practice (urban, rural or intermedi-
ate), language region of the practice (French, German or
Italian), age (by 5-year category) and sex. Physician age
was further grouped into 3 categories: 31–45 years, 46–65

years and 66 years or older. While physicians practicing
individually had their own physician code, group-practice
physicians could share the same code; therefore for physi-
cians practicing in a group, a mean age category of all
physicians of the group practice was determined. Physi-
cian’s sex in a group practice was classified as follows:
male if all physicians were male, female if all were female
and mixed if both male and female physicians were pre-
sent.

Inclusion and exclusion criteria

We identified specific indications from the Sentinella
dataset where comparisons with national guidelines were
feasible. This selection was based on assessing the compat-
ibility of indications, patient age and sex categories. The
included indications were pharyngitis, sinusitis, otitis me-
dia, chronic obstructive pulmonary disease (COPD) ex-
acerbation (limited to adults), pneumonia, and upper and
lower urinary tract infections (limited to adult female pa-
tients). The Sentinella dataset includes several indications
that were excluded from our study due to the absence of
corresponding guidelines. Entries from physicians report-
ing irregularly (fewer than 39 weeks per year) were ex-
cluded, in accordance with the methodology used by the
Swiss Federal Office of Public Health to ensure consisten-
cy with national surveillance reports.

Definition of recommended antibiotic prescription

For indications where a national guideline was available,
we listed the antibiotics mentioned in the guideline and de-
termined a corresponding antibiotic category in the Sen-
tinella dataset (see appendix 1). The guidelines categorise
antibiotics into first-line and second-line treatments, with
the latter typically reserved for specific cases such as aller-
gies or comorbidities. However, since the dataset had lim-
ited information about individual patient characteristics,
such as allergies and comorbidities, we combined first-line
and second-line treatments into a single “recommended”
category for the majority of analyses. Conversely, prescrip-
tions were categorised as “not-recommended” if they in-
volved antibiotic categories that were not mentioned at all
in the guideline for the clinical indication in question.

Statistical analysis

A descriptive analysis was conducted on antibiotic pre-
scription reports, focusing on patient characteristics and
physician practice characteristics associated with the pre-
scriptions. Additionally, the most common antibiotic cate-
gories by indication, proportions of first- and second-line
treatments by indication and the proportion of recommend-
ed and not-recommended antibiotics, overall and by in-
dication, were determined, for the period during which
guidelines were in place. National guidelines for pharyn-
gitis, sinusitis, otitis media, upper and lower urinary tract
infections were introduced by the Swiss Society of Infec-
tious Diseases in 2019, and for pneumonia and COPD ex-
acerbation in 2020.

Given that the treatment section of Swiss Society of In-
fectious Diseases guidelines provides separate recommen-
dations for adults (16 years and older) and children (15
years and younger), the results for these populations were
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analysed separately. Proportions of not-recommended an-
tibiotic classes by indication in male and female patients
were compared using chi-squared tests. In addition, a chi-
squared test was used to compare the proportion of not-
recommended antibiotics before and after guideline imple-
mentation.

A univariate logistic regression was initially performed to
analyse the relationship between prescribing not-recom-
mended antibiotics and predictors at both the physician and
patient levels. This analysis used the same outcome and
predictors as the subsequent multilevel model. Following
the univariate analysis, a multilevel model was conducted
to further examine these relationships, treating physician
(or group practice) code as a random effect. Physician-
level fixed effects included linguistic region, urban-rural
typology, practice type, specialty, mean age category and
sex. Patient-level fixed effects comprised age group, in-
dication, sex, attitude towards antibiotic prescription per-
ceived by physician and consultation year. Several clini-
cal indications (upper and lower urinary tract infections,
COPD) were excluded from this analysis, as entries for
these conditions were limited according to age and sex cri-
teria. Covariates were selected based on evidence from the
literature [15–20], which identifies key determinants of an-
tibiotic prescribing practices, and the clinical and research
expertise of the author team, including specialists in infec-
tious diseases and family medicine.

Model fit was evaluated using receiver operating charac-
teristic curve analysis, null model fitting and deviance test-
ing, as well as classification accuracy via confusion ma-
trix evaluation. The intraclass correlation coefficient (ICC)
was assessed to quantify the proportion of total variance in
prescribing practices attributable to the physician (or group
practice) level. Urinary tract infections (upper and lower)
and COPD exacerbation were excluded from the model as
they were limited to specific patient subgroups (adult fe-
males for urinary tract infections and all adults for COPD
exacerbation).

Entries missing patient sex, age, indication or antibiotic
category were excluded from all analyses. For the multi-
level analysis, entries missing mean physician practice age
category or patient-level data on attitude towards prescrip-
tion were also excluded.

Statistical analyses were performed in statistical software
R version 4.4.0 [23]. Appendix 2 specifies R packages that
were used during the analysis. Differences were considered
statistically significant in cases of p-value <0.05. Certain
figures generated in R were refined in Canva by adjusting
font sizes and incorporating additional labels where neces-
sary to enhance clarity and readability [24].

Ethical approval

The study was deemed to be outside the scope of the Swiss
Human Research Act by the Cantonal Commission on Re-
search Ethics (CER-VD).

Results

Study population

From 1 January 2017 to 30 December 2022, 97,589 antibi-
otic prescription reports were made to Sentinella by par-

ticipating physicians. After exclusion of observations with
missing patient-level data (n = 50), entries from physicians
who do not report regularly (n = 6115), as well as indi-
cations for which the comparison between Sentinella data
and the guidelines was not feasible (n = 39,326), 52,098
observations were included in the analysis (figure 1). The
most common excluded indications were skin and soft tis-
sue infections, upper respiratory tract infections and acute
bronchitis.

The 52,098 observations concerned 35,617 adults and
16,481 children. The median (IQR [interquartile range])
age of adults and children was 57 (IQR: 37–74) and 5
(IQR: 2–7) years, respectively. The patient was female in
79% (n = 28,063) of observations for adults and 47% (n =
7787) of observations for children (table 1). The most com-
mon indications in adults were lower urinary tract infection
(46%; n = 16,413) and sinusitis (15%; n = 5161). The most
common indications for children were otitis media (61%; n
= 10,108) and pharyngitis (31%; n = 5123). The most com-
mon patient attitude towards antibiotic prescription was a
neutral attitude both for adults (82%; n = 29,285) and chil-
dren (93%; n = 15,254).

From 2017 to 2022, 219 physician practices contributed
to Sentinella (table 2). The majority were group practices
(58%; n = 128), specialists in general internal medicine
(85%; n = 187), male physicians (62%; n = 135), located in
urban settings (74%; n = 162) and in the German-speaking
region (65%; n = 142). The most common physician age
group was 46–65 years (61%; n = 133).

Adherence to guidelines

The overall proportion of not-recommended antibiotic pre-
scriptions was 18% (n = 3897) for adults and 19% (n =
1794) for children.

For adults, the proportion of not-recommended antibiotics
ranged from 8% for lower urinary tract infections (n =
856) to 39% for sinusitis (n = 1214). In children, the pro-
portion of not- recommended antibiotics was lower than
in adults in all indications except for pharyngitis (figure
2). The proportion of first-line treatments was lower than
that of second-line treatments across several indications in
adult patients. The highest proportion of second-line treat-
ments was observed in pneumonia, where they accounted
for 74% (n = 1173) compared to 12% (n = 187) for first-
line treatments (figure 2).

The most common not-recommended antibiotic categories
in adults were a beta-lactamase inhibitor in combination
with penicillin in case of pharyngitis (24%; n = 556) and a
macrolide for sinusitis (18%; n = 543) (figure 3); in chil-
dren the most common not-recommended antibiotic cate-
gory was penicillin for pharyngitis (19%; n = 526) (figure
4). Appendix 3 presents the absolute numbers of antibi-
otic prescriptions for adults and children, along with the
distribution of first-line, second-line and not-recommend-
ed treatments.

There were no statistically significant differences in pro-
portions of not-recommended prescriptions between fe-
male and male patients, except for pharyngitis in adults,
where the proportion of not-recommended antibiotics was
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lower in female patients than in male patients (28% vs
32%, p = 0.028) (see table 3).

In adults there was a significant decrease in the proportion
of not-recommended antibiotic category from before to af-
ter guideline implementation for sinusitis (48% vs 39%, p

Figure 1: Study flowchart. COPD: chronic obstructive pulmonary disease; UTI: urinary tract infection.
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<0.001) and pneumonia (19% vs 15%, p <0.001), while
for pharyngitis the proportion increased after the guideline
implementation (22% vs 29%, p <0.001, see figure 5 and
appendix 4). In children, for all the included indications,
there was a significant decrease in the proportion of not-
recommended antibiotic category from before to after
guideline implementation, with the most marked decrease
for pharyngitis (47% vs 38%, p <0.001, see figure 6 and
appendix 4).

Factors associated with prescribing of not-recom-
mended antibiotics

Results of univariate logistic regression analyses are pre-
sented in table 3. Multilevel logistic regression analysis
(see table 4) revealed that among physicians, older age
was associated with higher odds of prescribing not-rec-
ommended antibiotics (OR: 2.91, 95% CI: 1.35–6.27, p =
0.006, reference: age group 31–45 years), while being a
paediatrician was associated with lower odds (OR: 0.53,

95% CI: 0.29–0.96, p = 0.036, reference: general internal
medicine specialist). Among patients, higher odds of being
prescribed not-recommended antibiotics were associated
with indications such as pharyngitis (OR: 3.15, 95% CI:
2.81–3.53, p <0.001, reference: otitis) and sinusitis (OR:
2.91, 95% CI: 2.52–3.36, p <0.001, reference: otitis),
favourable patient attitudes towards antibiotic prescrip-
tions perceived by physician (OR: 1.22, 95% CI:
1.05–1.43, p = 0.012, reference: neutral patient attitude)
and all the age groups compared to the reference group
16–45 years. Consultation years 2020–2022 compared
with year 2019 were associated with lower odds of pre-
scribing a not-recommended antibiotic. The intraclass cor-
relation coefficient for the model was 0.32 (95% CI:
0.26–0.37).

Table 1:
Characteristics of patients.

Patient characteristics (52,098 entries)

Adults, n =
35,617

Children, n =
16,481

Age in years, median (IQR) 57 (37–74) 5 (2–7)

Female 28,063 (78.8%) 7787 (47.2%)Sex, n (%)

Male 7554 (21.2%) 8694 (52.8%)

Pharyngitis 3784 (10.6%) 5123 (31.1%)

Sinusitis 5161 (14.5%) 270 (1.6%)

Otitis media 2151 (6.0%) 10,108 (61.3%)

Pneumonia 4438 (12.5%) 980 (5.9%)

COPD exacerbation 2044 (5.7%) NA

Upper urinary tract infec-
tion

1626 (4.6%) NA

Clinical indication, n (%)

Lower urinary tract infec-
tion

16,413 (46.1%) NA

Neutral 29,285 (82.2%) 15,254 (92.5%)

Favourable 5673 (15.9%) 811 (4.9%)

Unfavourable 489 (1.4%) 381 (2.3%)

Patient’s (or guardian’s) attitude towards antibiotic prescription as perceived and reported by physician, n
(%)

Missing 170 (0.5%) 35 (0.2%)

COPD: chronic obstructive pulmonary disease; IQR: interquartile range.

Table 2:
Characteristics of physician practices.

All practice types Group practices Solo practicesCharacteristic

n = 219 n = 128 n = 91

31–45 years 51 (23.3%) 41 (32.0%) 10 (11.0%)

46–65 years 133 (60.7%) 80 (62.5%) 53 (58.2%)

66 years or older 32 (14.6%) 6 (4.7%) 26 (28.6%)

Age category*

Missing 3 (0.0%) 1 (0.0%) 2 (0.0%)

General internal medicine 187 (85.4%) 111 (86.7%) 76 (83.5%)Specialty

Paediatrics 32 (14.6%) 17 (13.3%) 15 (16.5%)

Female 68 (31.1%) 47 (36.7%) 21 (23.1%)

Male 135 (61.6%) 65 (50.8%) 70 (76.9%)

Sex

Mixed** 16 (7.3%) 16 (12.5%) 0 (0.0%)

Urban 162 (74.0%) 99 (77.3%) 63 (69.2%)

Intermediate 37 (16.9%) 22 (17.2%) 15 (16.5%)

Urban-rural typology

Rural 20 (9.1%) 7 (5.5%) 13 (14.3%)

German 142 (64.8%) 85 (66.4%) 57 (62.6%)

French 61 (27.9%) 35 (27.3%) 26 (28.6%)

Linguistic region

Italian 16 (7.3%) 8 (6.3%) 8 (8.8%)

* For group practices mean age group was calculated.

** Mixed sex corresponds to group practices where both male and female physicians were practicing.
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Discussion

This cross-sectional study using antibiotic prescription da-
ta from physicians and paediatricians of the Sentinella sur-
veillance network demonstrates that for several indications
there is a high level of non-adherence to guidelines. Intro-
duction of guidelines did not lead to a meaningful increase
in prescribing of recommended antibiotics to adults.

The proportion of not-recommended antibiotics was higher
for respiratory tract infections than for urinary tract infec-
tions, consistent with findings from other studies [10, 25].
When comparing our results to a nationwide Swiss sur-
vey of family physicians with high prescription rates from
2015 [25], which used European Surveillance of Antimi-
crobial consumption (ESAC) disease-specific quality in-
dicators to define not-recommended antibiotic types, our
study found lower proportions of not-recommended an-
tibiotics for several clinical indications, such as pharyngi-
tis, sinusitis, pneumonia and urinary tract infection. Sev-
eral factors may explain this difference. First, Glinz et al.
used ESAC indicators to define not-recommended antibi-

otic types and the survey, which asked physicians to record
data on 44 consecutive patients, had questions regarding
allergies and comorbidities, allowing for a finer level of
analysis. Moreover, the survey was sent to top prescribers
of antibiotics, while physicians volunteering to take part in
the communicable disease surveillance network Sentinella
might be more interested in antimicrobial stewardship and
thus prescribe more appropriate antibiotics. Additionally,
our study examines physician prescriptions over multiple
years, whereas the study by Glinz et al. collected data from
44 consecutive patients due to its survey-based design.
This difference in methodology may also help explain vari-
ations in the results. The study by Glinz et al. was conduct-
ed before the introduction of guidelines. While our find-
ings suggest some improvement in prescribing patterns,
they also demonstrate that the mere introduction of guide-
lines is not enough to ensure optimal antibiotic use. The
continued overuse of second-line antibiotics indicates that
prescribing decisions remain misaligned with evidence-
based recommendations. This highlights the need for sus-
tained antimicrobial stewardship efforts, clearer clinical

Figure 2: Proportion of recommended and not-recommended antibiotic prescriptions, by clinical indication since the introduction of national
guidelines. Recommended treatments include first- and second-line treatments suggested by the guideline, while not-recommended treat-
ments are treatments not mentioned in the guideline for a given indication. Chronic obstructive pulmonary disease (COPD) exacerbation, up-
per and lower urinary tract infection (UTI) were excluded in case of children as there was no corresponding national guideline. For upper UTI
and lower UTI, analyses were performed for female patients only. Entries with missing data (n = 50), specifically related to patient sex, age,
clinical indications and antibiotic categories, were excluded from all analyses at the first step of the flowchart, without selective exclusion from
specific figures. n: total number of prescriptions for a specific indication.
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guidelines and targeted interventions to curb unnecessary
second-line antibiotic use and reinforce first-line treat-
ments as the standard of care whenever appropriate.

Our study also found that the proportions of not-recom-
mended antibiotics were lower in children than in adults
across all indications. This aligns with other research in-
dicating that the proportion of inappropriate prescribing in
children ranges from 16% to 29%, which is lower than in
adults [26–28]. For pharyngitis, the second most common

indication in children, 38% of antibiotic prescriptions were
not-recommended, with penicillin being the most frequent-
ly prescribed among them. After consulting the guideline
authors, we learned that while penicillin was omitted due
to its more complex regimen compared to amoxicillin, it
can still be used to treat pharyngitis. Thus, the proportion
of not-recommended antibiotics for this indication is in-
deed high, but not strictly speaking inappropriate.

Figure 3: Antibiotics by recommendation level by clinical indication in adults. Only indications with more than 1000 observations are displayed.
Analyses performed for the period during which guidelines were in place. * First-line treatments according to the guidelines by the Swiss Soci-
ety of Infectious Diseases (SSI). Antibiotic categories are annotated only if they account for more than 3% of all prescriptions per indication.
Entries with missing data (n = 50), specifically related to patient sex, age, clinical indications and antibiotic categories, were excluded from all
analyses at the first step of the flowchart, without selective exclusion from specific figures. NR: not recommended; R: recommended.
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Barriers to guideline adherence

There are several possible reasons behind low levels of
adherence to guidelines. First, unawareness: a survey of
Swiss family physicians has shown that only 53% of them
report being aware of national guidelines [29]. Moreover,
reasons related to guideline usability and access can con-
tribute to their underutilisation, while access to guidelines
that is incorporated in the electronic patient file increases
their usability [18]. Access to the national guidelines for
a particular indication requires navigation through several
steps on the guideline website and might be considered
too time-consuming by some physicians. Furthermore, the
findings of this study, reflected by an intraclass correlation
coefficient of 0.32 (95% CI: 0.26–0.37) from the mul-
tilevel model examining factors associated with the pre-
scribing of not-recommended antibiotics, highlight that a
significant proportion of the differences in prescribing
practices can be attributed to factors at the physician or
practice level. This study also highlights that introduction
of guidelines does not automatically result in their usage
by physicians and more effective interventions are needed
to improve the adherence to the guidelines. Additionally,
effective guideline implementation depends on multiple

factors beyond awareness alone. Research indicates that
adherence improves when guidelines are clear and easy to
implement [30]. Integrating clinical decision support sys-
tems into electronic health records has been shown to sig-
nificantly reduce inappropriate antibiotic prescribing, par-
ticularly for broad-spectrum antibiotics in both paediatric
and adult patients [31]. Moreover, targeted implementation
efforts that include strategies such as educational outreach,
reminders and audit feedback have been associated with
modest to moderate improvements in adherence [32]. Ad-
ditionally, primary care physicians should be involved in
the development of guidelines to make sure that they are
adapted for use in the field [33].

Overuse of second-line antibiotics

Given the limited patient information reported by Sentinel-
la physicians, we were unable to determine whether an-
tibiotic prescriptions of second-line treatments proposed in
case of allergy or comorbidities were justified. In nearly
all clinical indications among adult patients, second-line
treatments were prescribed more frequently than first-line
options. However, the high proportion of second-line pre-
scriptions suggests that factors beyond true penicillin al-

Figure 4: Antibiotics by recommendation level by clinical indication in children. Only indications with more than 1000 observations are dis-
played. * First-line treatments according to the guidelines by the Swiss Society of Infectious Diseases (SSI). Antibiotic categories are annotat-
ed only if they account for more than 3% of all prescriptions per indication. Analyses performed for the period during which guidelines were in
place. ** Penicillin is classified as “not-recommended” per current guidelines, which prioritise amoxicillin for its simpler dosing. However, in in-
formal exchanges with this paper’s authors, guideline authors acknowledged penicillin as an acceptable option. Entries with missing data (n =
50), specifically related to patient sex, age, clinical indications and antibiotic categories, were excluded from all analyses at the first step of the
flowchart, without selective exclusion from specific figures. NR: not recommended; R: recommended.

Table 3:
Recommendation level by clinical indication and patient sex. Upper and lower urinary tract infections are not present in the table as guidelines were present for female patients
only. Analyses performed for the time period during which guidelines were in place.

Adults, n = 9056 Children, n = 9448Clinical indication Patient sex

Recommended Not recommended p value Recommended Not recommended p value

Female 996 (72.4%) 380 (27.6%) 822 (61.7%) 511 (38.3%)Pharyngitis

Male 635 (68.1%) 297 (31.9%)

0.028

908 (62.7%) 541 (37.3%)

0.587

Female 1242 (61.5%) 776 (38.5%) 78 (96.3%) 3 (3.7%)Sinusitis

Male 642 (59.4%) 438 (40.6%)

0.254

77 (92.8%) 6 (7.2%)

0.322

Female 512 (66.1%) 263 (33.9%) 2562 (89.6%) 296 (10.4%)Otitis media

Male 408 (63.8%) 231 (36.2%)

0.385

2927 (88.5%) 379 (11.5%)

0.165

Female 654 (83.8%) 126 (16.2%) 137 (84.0%) 26 (16.0%)Pneumonia

Male 706 (87.1%) 105 (12.9%)

0.070

143 (81.7%) 32 (18.3%)

0.569

Female 215 (70.3%) 91 (29.7%)COPD exacerbation

Male 216 (63.7%) 123 (36.3%)

0.078 NA NA NA

COPD: chronic obstructive pulmonary disease.
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lergy or relevant comorbidities may be influencing pre-
scribing decisions. For example, in the case of pneumonia,
approximately a quarter of patients were prescribed either
a macrolide or a fluoroquinolone. However, it is highly
unlikely that 25% of patients with pneumonia had a true
penicillin allergy [34]. These results suggest overuse of the
second-line treatment underscoring the need for targeted
antimicrobial stewardship efforts to ensure that first-line
treatments are prescribed for the majority of patients, re-
serving second-line options for cases where they are truly
necessary. Our findings suggest that current guidelines for
certain indications may need to be revisited to better sup-
port physicians in making evidence-based prescribing de-
cisions.

Influence of physician characteristics and perceived
patient expectations

Our findings support prior research showing that older
physicians tend to prescribe antibiotics inappropriately
[19, 35, 36]. Additionally, they validate the link between
patient attitudes and higher rates of inappropriate antibiotic
prescriptions, consistent with studies highlighting the in-
fluence of patient expectations on prescribing decisions
[18].

It is already known that antibiotic prescribing decreased
during the COVID-19 period [37–39]; however, our study
reveals that the years 2020–2022 were specifically associ-
ated with lower odds of non-adherent antibiotic prescrib-
ing. Another study reported an initial decline in inappro-
priate antibiotic prescribing following the onset of the pan-
demic, but a gradual return to pre-pandemic levels over
time [40]. These findings highlight the complex interplay
of physician characteristics, patient factors and contextual
factors in antibiotic prescribing practices.

Strengths of the study

To our knowledge, this is the first study in Switzerland
to examine non-adherence to guidelines for antibiotic pre-
scribing in primary care across a wide range of indications.

Our study quantified proportions of not-recommended an-
tibiotic prescriptions across various indications, pinpoint-
ing areas for improvement in outpatient antibiotic prescrib-
ing. Specifically, indications like sinusitis and pharyngitis
in adults showed a notable proportion of not-recommended
treatments. We also identified physician and patient factors
associated with prescribing of not-recommended antibi-
otics and identified prevalent second-line and not-recom-
mended treatments for each indication. These insights en-
able the development of targeted antimicrobial stewardship
activities to address these specific challenges effectively.
More specifically, these results could be used by national
guideline authors to identify key messages for physicians
that could be included in the guidelines to enhance adher-
ence to recommendations. Additionally, they could support
effective communication during scientific conferences and
educational initiatives.

Limitations

In our study, we focused on prescribing of antibiotics that
are not recommended by the guideline for a given indi-
cation, as a proxy for inappropriate prescribing. However
different studies use different definitions of inappropriate
prescribing. For example there are studies that consider
inappropriate all treatments that are not first-line [26], as
ours, and studies that consider inappropriate treatments
for which antibiotics should never be prescribed, for ex-
ample viral infections [41], making head-to-head compar-
isons between studies difficult. We may have overestimat-
ed guideline-adherent prescriptions, as we included sec-
ond-line antibiotics under the category of “in accordance
with the guidelines”. Sentinella groups cephalosporins and

Figure 5: Change in proportions of recommended and not-recommended antibiotic prescriptions before and after the introduction of the guide-
lines over years in adults by indication. Black vertical lines show the year of introduction of guideline. The percentages in the white boxes de-
note the proportion of not-recommended antibiotics prescribed before (left) and after (right) the guideline implementation, p-values reflect the
significance of changes in adherence over time, calculated for each clinical indication using a Chi-squared test. Entries with missing data (n =
50), specifically related to patient sex, age, clinical indications and antibiotic categories, were excluded from all analyses at the first step of the
flowchart, without selective exclusion from specific figures. COPD: chronic obstructive pulmonary disease; UTI: urinary tract infection.
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fluoroquinolones into “older” and “newer” categories in-
stead of using numbered generations, making it impossible
to distinguish between different generations. As a result,
our analysis is less detailed than it would have been if num-
bered generations were used.

Also, results regarding patients’ attitudes towards antibiot-
ic prescriptions should be interpreted with caution, as these
attitudes were perceived by physicians who filled in the
questionnaire according to whether they felt the patients or
– in case of child patients– their parents were favourable,
neutral or unfavourable towards the antibiotic prescription.

For indications like pharyngitis, sinusitis, otitis media and
lower urinary tract infection in women where watchful
waiting are proposed as the first option, we could not con-
firm the presence of strict clinical criteria justifying an-
tibiotic use [14]. Until 2023, Sentinella physicians did not
report infection episodes in which they do not prescribe an-
tibiotics. Therefore we were not able to determine whether
the percentage of patients prescribed an antibiotic for a
given indication was acceptable as proposed by ESAC dis-
ease-specific quality indicators [42].

We excluded indications without national guidelines, in-
cluding acute bronchitis (5779 observations) and other up-
per respiratory tract infections (6531 observations). How-
ever other guidelines such as AWARE guidelines support-
ed by WHO do specify that antibiotics should not be pre-
scribed for acute bronchitis [43].

Conclusions

Prescribing of antibiotics by Swiss family physicians and
paediatricians is not aligned with national guidelines for
several clinical indications, particularly respiratory tract
infections. Guideline introduction only resulted in limited
improvements in prescribing to adults. Factors such as old-
er physician age and solo practice settings exacerbate these
inappropriate prescribing habits. Knowledge gained can be
used by decision-makers for targeted antimicrobial stew-
ardship activities, such as improving guideline dissemina-
tion or adoption by, for example, optimising their format to
better align with needs of physicians.

Figure 6: Change in proportion of recommended and not-recommended antibiotic prescriptions before and after the introduction of the guide-
lines over years in children by indication. Black vertical lines show the year of introduction of guideline. The percentages in the white boxes de-
note the proportion of not-recommended antibiotics prescribed before (left) and after (right) the guideline implementation, p-values reflect the
significance of changes in adherence over time, calculated for each clinical indication using a Chi-squared test. Entries with missing data (n =
50), specifically related to patient sex, age, clinical indications and antibiotic categories, were excluded from all analyses at the first step of the
flowchart, without selective exclusion from specific figures.
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Appendix 1 – Overview of included clinical indications and recommended treatments by national 

guidelines [14] 
 Adults (16 years or older) Children (15 years or younger) 

Clinical 
indication 

First line 
treatment 

Second-line treatment First line 
treatment 

Second line treatment 

Pharyngitis Penicillin V 
(penicillin) 
Amoxicillin 
(aminopenicillin) 

Cefuroxime (older generation 
cephalosporin) 
Clarithromycin (macrolide)  

Amoxicillin 
(aminopenicillin) 

Cefuroxime (older generation 
cephalosporin) 
Clindamycin (others) 

Sinusitis Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Cefuroxime (older generation 
cephalosporin) 
Doxycycline (tetracycline) 

Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Cefuroxime (older generation 
cephalosporin) 
 

Otitis media Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Cefuroxime (older generation 
cephalosporin) 
Clarithromycin (macrolide) 
Cotrimoxazole (trimethoprim-
sulfamethoxazole) 

Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Cefuroxime (older generation 
cephalosporin) 
Clarithromycin (macrolide) 
Cotrimoxazole (trimethoprim-
sulfamethoxazole) 

Pneumonia Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Doxycycline (tetracycline) 
Clarithromycin (macrolide) 
Azithromycin (macrolide) 
Levofloxacin(fluoroquinolone 
newer generation) 
Moxifloxacin (fluoroquionolone 
newer generation) 

Amoxicillin 
(aminopenicillin) 

Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
For children 8 years and older:  
Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Doxycycline (tetracycline) 
Clarithromycin (macrolide) 
Azithromycin (macrolide) 

COPD 
exacerbation 

Amoxicillin-
clavulanic acid 
(combination of 
penicillin and 
beta-lactamase 
inhibitor) 
 

Clarithromycin (macrolide) 
Azithromycin (macrolide) 
Levofloxacin(fluoroquinolone 
newer generation) 
Moxifloxacin (fluoroquinolone 
newer generation) 

NA NA 

Upper UTI – 
female 
patients only 

Ciprofloxacin 
(fluoroquinolone 
older generation) 

Ceftriaxone (cephalosporine 
newer generation) 
Specific treatment:* 
Cotrimoxazole (trimethoprim-
sulfamethoxazole) 
Amoxicillin (aminopenicillin) 
Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 
Cefuroxime (older generation 
cephalosporin) 

NA NA 

Lower UTI – 
female 
patients only 

Nitrofurantoin 
(nitrofuran) 
Cotrimoxazole 
(trimethoprim-
sulfamethoxazole) 

Fosfomycin (fosfomycin) 
Norfloxacin (fluoroquinolone 
older generation) 
Cefuroxime (older generation 
cephalosporin) 
Amoxicillin-clavulanic acid 
(combination of penicillin and 
beta-lactamase inhibitor) 

NA NA 

In the parentheses a corresponding antibiotic category from Sentinella data set is mentioned. Abbreviations: COPD – chronic 
obstructive pulmonary disease, UTI – urinary tract infection. *For upper UTI specific treatment included in the second-line 
treatment category because guideline recommends urinary culture for all patient with upper UTI.  
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Appendix 2 – R packages used for data analysis and visualisation 
The following R packages were utilized: 

• tidyverse (Version 2.0.0, MIT License): For data manipulation (dplyr), visualization (ggplot2), 

and importing data (readxl). 

• gtsummary (Version 1.7.2, MIT License): For creating summary tables with descriptive 

statistics. 

• moonBook (Version 0.3.1, GPL-2 License) and webr (Version 0.1.5, GPL-3 License): For 

generating specialized visualizations such as PieDonut charts. 

• patchwork (Version 1.2.0, MIT License): For organizing multiple ggplot2 visualizations. 

• lubridate (Version 1.9.3, GPL-2 License): For handling date and time variables. 
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Appendix 3. Proportion of antibiotic categories by recommendation level and by clinical indication 

since the introduction of national guidelines 

Clinical 
indication 

Adults Clinical 
indication 

Children 

Recommended Not 
recommended 

Recommended Not 
recommended 

First line 
treatment 

Second line 
treatment 

First line 
treatment 

Second line 
treatment 

Pharyngitis 
n=2,308 

Aminopenicillin 
746 (32.3%) 
Penicillin 
542 (23.5%) 

Macrolides 
223 (9.7%) 
Cephalosporin 
older generation 
120 (5.2%) 

Beta-lactamase 
inhibitor 
combination 
with penicillin 
556 (24.1%) 
Cephalosporin 
newer 
generation 82 
(3.6%) 
Other 
24 (1.0%) 

Pharyngitis 
n=2,782 

Aminopenicillin 
1606 (57.7%) 

Cephalosporin 
older 
generation 
98 (3.5%) 
Other 
26 (0.9%) 

Penicillin 
526 (18.9%) 
Beta-lactamase 
inhibitor 
combination 
with penicillin 
304 (10.9%) 
Cephalosporin 
newer 
generation 
124 (4.5%) 

Sinusitis 
n=3,098 

Aminopenicillin 
497 (16.0%) 

Beta-lactamase 
inhibitor 
combination with 
penicillin  
971 (31.3%) 
Cephalosporin 
older generation 
363 (11.7%) 
Tetracycline 
53 (1.7%) 

Macrolides 
543 (17.5%) 
Cephalosporin 
newer 
generation 
222 (7.17%) 
Penicillin 
207 (6.7%) 

Sinusitis 
n=164 

Aminopenicillin 
58 (35.4%) 

Beta-
lactamase 
inhibitor 
combination 
with penicillin 
61 (37.2%) 
Macrolides 
27 (16.5%) 
Cephalosporin 
older 
generation 
9 (5.5%) 

Cephalosporin 
newer 
generation 
4 (2.4%) 
Penicillin 
4 (2.4%) 
Tetracycline 
1 (0.6%) 

Otitis media 
n=1,414 

Aminopenicillin 
320 (22.6%) 

Beta-lactamase 
inhibitor 
combination with 
penicillin  
506 (37.8%) 
Cephalosporin 
older generation 
77 (5.4%) 
Trimethoprim-
sulfamethoxazole 
17 (1.2%) 

Penicillin 
169 (12%) 
Macrolides 
108 (7.6%) 
Other 
73 (5.2%) 

Otitis 
media 
n=6,164 

Aminopenicillin 
4131 (67.0%) 

Beta-
lactamase 
inhibitor 
combination 
with penicillin 
1095 (17.8%) 
Cephalosporin 
older 
generation 
145 (2.4%) 
Macrolides 
118 (1.9%) 

Penicillin*  
436 (7.1%) 
Cephalosporin 
newer 
generation  
195 (3.2%) 
Trimethoprim-
sulfamethoxazole 
16 (0.3%) 

Pneumonia 
n=1,591 

Aminopenicillin 
187 (11.8%) 

Beta-lactamase 
inhibitor 
combination with 
penicillin  
704 (44.2%) 
Macrolides 
282 (17.7%) 
Fluoroquinolone 
newer generation 
126 (7.9%) 

Penicillin 
87 (5.5%) 
Cephalosporin 
newer 
generation  
74 (4.7%) 
Cephalosporin 
older generation 
43 (2.7%) 

Pneumonia 
n=338 

Aminopenicillin 
159 (47.0%) 

Beta-
lactamase 
inhibitor 
combination 
with penicillin 
84 (24.9%) 
Macrolides 
(patients 8-16 
years old) 
37 (10.9%) 

Macrolides 
(patients 0-7 
years old) 
26 (7.7%) 
Penicillin 
17 (5.0%) 
Cephalosporin 
newer 
generation 
9 (2.7%) 

COPD 
exacerbation 
n=645 

Beta-lactamase 
inhibitor 
combination with 
penicillin  
232 (36.0%) 

Macrolides  
157 (24.3%) 
Fluoroquinolone 
newer generation 
42 (6.5%) 

Aminopenicillin 
48 (7.4%) 
Tetracycline 
41 (6.4%) 
Penicillin 
32 (5%) 

NA NA NA NA 
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Upper UTI 
n=1,059 

Fluoroquinolone 
older generation 
427 (40.3%) 

Trimethoprim-
sulfamethoxazole 
148 (14.0%) 
Beta-lactamase 
inhibitor 
combination with 
penicillin  
108 (10.2%) 
Cephalosporin 
newer generation 
65 (6.1%) 

Fluoroquinolone 
newer 
generation  
91 (8.6%) 
Fosfomycin  
60 (5.7%) 
Nitrofurantoin  
32 (3.0%) 

NA NA NA NA 

Lower UTI 
n=11,269 

Nitrofurantoin 
2326 (20.6%) 
Trimethoprim-
sulfamethoxazole 
2099 (18.6%) 
 

Fosfomycin 
4366 (38.7%) 
Fluoroquinolone 
older generation  
1214 (10.8%) 
Beta-lactamase 
inhibitor 
combination with 
penicillin  
245 (2.2%) 

Fluoroquinolone 
newer 
generation  
363 (3.2%) 
Cephalosporin 
newer 
generation  
134 (1.2%) 
Other  
125 (1.1%) 

NA NA NA NA 

Abbreviations: COPD – chronic obstructive pulmonary disease, UTI – urinary tract infection. 
3 most common antibiotics by category are mentioned.  
Analyses performed for the period during which guidelines were in place. 
* Penicillin is classified as “not recommended” per current guidelines, which prioritize amoxicillin for its simpler dosing. 
However, in informal exchanges with this paper’s authors, guideline authors acknowledged penicillin as an acceptable 
option. 
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Appendix 4. Change in proportions of recommended and not recommended antibiotic prescriptions 

before and after the introduction of the guidelines in adults  

 
  Adults Children 

Clinical indication Year(s) Recommended  Not 
recommended 

Total  Recommended  Not 
recommended 

Total  

Pharyngitis 2017 556 (78.9%) 149 (21.1%) 705 486 (45.2%) 589 (54.8%) 1,075 

 2018 558 (76.3%) 183 (23.7) 771 764 (60.3%) 502 (39.7%) 1,266 

 2019* 589 (72.8%) 220 (27.2) 809 777 (65.6%) 407 (34.4%) 1,184 

 2020 367 (69.4%) 162 (30.6%) 529 327 (60.7%) 212 (39.3%) 539 

 2021 236 (68.6%) 108 (31.4%) 344 204 (61.4%) 128 (38.6%) 332 

 2022 439 (70.1%) 187 (29.9%) 626 422 (58.0%) 305 (42.0%) 727 

Pre-guideline  2017-
2018 

1,144 (77.5%) 332 (22.5%) 1,476 1,250 (53.4%) 1,091 (46.6%) 2,341 

Post-guideline  2019-
2022 

1,631 (70.7%) 677 (29.3%) 2,308 1,730 (62.2%) 1,052 (37.8%) 2,782 

Chi-Square Test (Pre vs. 
Post), p-value 

  <0.001   <0.001  

Sinusitis 2017 526 (50.2) 522 (49.8) 1,048 49 (80.3%) 12 (19.7%) 61 

 2018 551 (54.3%) 464 (45.7%) 1,015 28 (84.4%) 7 (15.6%) 45 

 2019* 609 (57.9%) 442 (42.1%) 1,051 56 (94.9%) 3 (5.1%) 59 

 2020 441 (62.0%) 270 (38.0%) 711 34 (97.1%) 1 (2.9%) 35 

 2021 315 (60.6%) 205 (39.4%) 520 23 (88.5%) 3 (11.5%) 26 

 2022 519 (63.6%) 297 (36.4%) 816 42 (95.5%) 2 (4.5%) 44 

Pre-guideline  2017-
2018 

1,077 (52.2%) 986 (47.8%) 2,063 87 (82.1%) 19 (17.9%) 106 

Post-guideline 2019-
2022 

1,884 (60.8%) 1,214 (38.2%)
  

3,098 155 (94.5%) 9 (5.5%)  164 

Chi-Square Test (Pre vs. 
Post), p-value 

  <0.001   0.001  

Otitis media 2017 234 (66.7%) 117 (33.3%) 351 1,505 (84.2%) 321 (17.6%) 1,826 

 2018 253 (65.5%) 133 (34.5%) 386 1,733 (81.8%) 385 (18.2%) 2,118 

 2019* 275 (68.9%) 124 (31.1%) 399 1,575 (85.2%) 273 (14.7%) 1,848 

 2020 227 (58.8%) 159 (41.2%) 386 1,017 (85.8%) 168 (14.2%) 1,185 

 2021 167 (66.8%) 83 (33.2%) 250 1,258 (94.2%) 77 (5.8%) 1,335 

 2022 251 (66.2%) 128 (33.8%) 379 1,639 (91.3%) 157 (8.7%) 1,796 

Pre-guideline  2017-
2018 

487 (66.1%) 250 (33.9%) 737 3,238 (82.1%) 706 (17.9%)
  

3,944 

Post-guideline 2019-
2022 

920 (65.1%) 494 (34.9%) 1,414 5,489 (89.0%) 675 (11.0%) 6,164 

Chi-Square Test (Pre vs. 
Post), p-value 

  0.6     

Pneumonia 2017 714 (77.1%) 212 (22.9%) 926 143 (67.1%) 70 (32.9%) 213 

 2018 789 (80.7%) 189 (19.3%) 978 173 (74.2%) 60 (25.8%) 233 

 2019 794 (84.2%) 149 (15.8%) 943 161 (82.1%) 35 (17.9%) 196 

 2020* 458 (82.4%) 98 (17.6%) 556 95 (78.5%) 26 (21.5%) 121 

 2021 318 (82.4%) 68 (17.6%) 386 73 (86.9%) 11 (13.1%) 84 

 2022 584 (90.0%) 65 (10.0%) 649 112 (84.2%) 21 (15.8%) 133 

Pre-guideline  2017-
2019 

2,297 (80.7%) 550 (18.3%)
  

2,847 477 (74.3%) 165 (25.7%) 642 

Post-guideline 2020-
2022 

1,360 (85.5%) 231 (14.5%) 1,591 280 (82.8%) 58 (17.2%)
  

338 

Chi-Square Test (Pre vs. 
Post), p-value 

  <0.001   0.002  

COPD exacerbation 2017 280 (63.6%) 160 (36.4%) 440 NA 

 2018 346 (71.2%) 140 (28.8%) 486 

 2019 326 (68.9%) 147 (31.1%) 473 

 2020* 168 (66.9%) 83 (33.1%) 251 

 2021 110 (79.5%) 46 (29.5%) 156 
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 2022 153 (64.3%) 85 (35.7%) 238 

Pre-guideline  2017-
2019 

952 (68.0%) 447 (32.0%) 1,399 

Post-guideline 2020-
2022 

431 (66.8%) 214 (33.2%)
  

645 

Chi-Square Test (Pre vs. 
Post), p-value 

  0.6  

Upper UTI 2017 224 (81.5%) 51 (18.5%) 275 NA 

 2018 236 (80.8%) 56 (19.2%) 292 

 2019* 242 (81.5%) 55 (18.5%) 297 

 2020 239 (85.1%) 42 (14.9%) 281 

 2021 189 (75.3%) 62 (24.7%) 251 

 2022 178 (77.4%) 52 (22.6%) 230 

Pre-guideline  2017-
2018 

460 (81.1%) 107 (18.9%) 567 

Post-guideline 2019-
2022 

848 (80.1%) 211 (19.9%) 1,059 

Chi-Square Test (Pre vs. 
Post), p-value 

  0.6  

Lower UTI 2017 2,332 (92.3%) 194 (7.7%) 2,526 NA 

 2018 2,453 (93.7%) 165 (6.3%) 2,618 

 2019* 2,703 (93.5%) 189 (6.5%) 2,892 

 2020 2,910 (94.0%) 186 (6.0%) 3,096 

 2021 2,564 (90.6%) 266 (9.4%) 2,830 

 2022 2236 (91.2%) 215 (8.8%) 2,451 

Pre-guideline  2017-
2018 

4,785 (93.0%) 359 (7.0%) 5,144 

Post-guideline 2019-
2022 

10,413 (92.4%) 856 (7.6%) 11,269 

Chi-Square Test (Pre vs. 
Post), p-value 

  0.2  

* year when guideline was implemented.  
Abbreviations: COPD – chronic obstructive pulmonary disease, UTI – urinary tract infection. 
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