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Abstract

Background Antimicrobial resistance (AMR) is a global health threat with millions of deaths annually attributable
to bacterial resistance. Effective antimicrobial stewardship programs are crucial for optimizing antibiotic use. This
study aims to identify factors contributing to deviations from antibiotic treatment guidelines in hospitalized adults
with suspected community-acquired pneumonia (CAP).

Methods We conducted a prospective study at Haukeland University Hospital’s Emergency Department in Bergen,
Norway, from September 2020 to April 2023. Patients were selected from two cohorts, with data on clinical and micro-
biologic test results collected. We analysed adherence of antibiotic therapy to guidelines for the choice of empirical
treatment and therapy duration using multivariate regression models to identify predictors of non-adherence.

Results Of the 523 patients studied, 479 (91.6%) received empirical antibiotic therapy within 48 h of admission,
with 382 (79.7%) adhering to guidelines. However, among the 341 patients included in the analysis of treatment
duration adherence, only 69 (20.2%) received therapy durations that were consistent with guideline recommen-
dations. Key predictors of longer-than-recommended therapy duration included a C-reactive protein (CRP) level
exceeding 100 mg/L (RR 1.37,95% ClI 1.18-1.59) and a hospital stay longer than two days (RR 1.22, 95% Cl 1.04-1.43).
The primary factor contributing to extended antibiotic therapy duration was planned post-discharge treatment. No
significant temporal trends in adherence to treatment duration guidelines were observed following the publication
of the updated guidelines.

Conclusion While adherence to guidelines for the choice of empirical antibiotic therapy was relatively high, adher-
ence to guidelines for therapy duration was significantly lower, largely due to extended post-discharge antibiotic
treatment. Our findings suggest that publishing updated guidelines alone is insufficient to change clinical practice.
Targeted stewardship interventions, particularly those addressing discharge practices, are essential. Future research
should compare adherence rates across institutions to identify factors contributing to higher adherence and develop
standardized benchmarks for optimal antibiotic stewardship.
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Background

Antimicrobial resistance (AMR) is a significant global
health threat, responsible for approximately 5 million
deaths in 2019, with 1.3 million directly attributable to
bacterial AMR [1].

Implementing antimicrobial stewardship programs
is essential to prevent or mitigate AMR [2]. These pro-
grams strive to ensure accurate antibiotic prescrip-
tions—getting the right drugs to the right patients at
the right time, thereby optimizing clinical outcomes
[3].

Respiratory tract infections are a leading cause of
death and hospitalization and the most frequent cause
of antibiotic prescriptions in adults [4, 5]. Adherence
to antibiotic guidelines is associated with improved
patient outcomes [6, 7]. However, deviations from
established guidelines in clinical practice are common,
yet they are often poorly described and understood [8].

Antimicrobial stewardship trials have demonstrated
that targeted interventions can significantly reduce the
use of broad-spectrum antibiotics in patients with mod-
erately severe community-acquired pneumonia (CAP),
without increasing 90-day mortality rates [9]. To imple-
ment such effective stewardship programs, it is essential
to understand why clinicians may choose to deviate from
established guidelines [8]. By identifying the underlying
reasons for these deviations, we can develop targeted
interventions that address specific challenges or miscon-
ceptions in clinical practice, thereby enhancing guideline
adherence and optimizing antibiotic use.

Previous studies have identified antibiotic prescribing
in the ED and therapy duration as key targets for stew-
ardship interventions in hospitalized patients [8, 10].
However, these studies lacked detailed patient informa-
tion and test results, and did not exclusively focus on
CAP. Therefore, we aimed to use the comprehensive
data from a prospective cohort to better understand
prescribing practices and the reasons for clinicians
deviating from guidelines.

Norway, along with the other Scandinavian countries,
has low antibiotic consumption in humans and one of
the lowest rates of broad-spectrum antibiotic use in
Europe [11]. However, there is a notable lack of high-
quality studies specifically addressing the appropriate
and rational use of antimicrobial therapy in hospital-
ized adults with acute respiratory tract infections.

This study aims to identify patient factors, including
clinical and microbiologic test results, that contribute
to deviations from antibiotic treatment guidelines in
adults hospitalized with suspected community-acquired
pneumonia.

Methods

Study setting

This prospective investigation was conducted at Hauke-
land University Hospital’s Emergency Department (ED)
in Bergen, Norway, from September 25, 2020, to April
19, 2023. Haukeland University Hospital serves as a local
healthcare provider for approximately 430,000 individu-
als, while also serving as a referral center for a broader
population of 1,000,000. During the study period, the
yearly number of admissions from the ED ranged from
38,000 to 45,000[12].

National guidelines

The Norwegian Directorate of Health publishes the
National Professional Guidelines for the use of antibiotics
in hospitals [13]. For community-acquired pneumonia,
treatment recommendations are based on CRB-65 score
severity and the presence of penicillin allergy, as outlined
in Table 1.

Study design and patient cohort
Patients from two study cohorts were included for the
purpose of this study: a randomized controlled trial
(RCT) investigating the impact of rapid syndromic test-
ing using the FAP plus (ClinicalTrials.gov Identifier:
NCT04660084), with enrolment occurring from Sep-
tember 25, 2020, to June 21, 2022; and a subsequent pro-
spective study, with recruitment spanning from August
22, 2022, to April 19, 2023. Both studies were approved
by the Regional Committee for Medical and Health
Research Ethics, Norway (registration no. 31935).
Identical inclusion and exclusion criteria were applied
to both cohorts to minimize selection bias and ensure
they were representative of the same patient population,
enabling cohesive analysis across the groups.

Targets for improvement

We focused on two critical aspects of guideline adher-
ence in antibiotic stewardship: (1) the choice of empiri-
cal antibiotic treatment, and (2) the duration of antibiotic
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Table 1 National guidelines for empirical antibiotic treatment and therapy duration in suspected CAP and study adherence

definitions
CRB-65 Score Penicillin  Guideline recommendation for Definition of adherence for choice  Guideline Definition of adherence
Allergy  choice of empirical therapy of empirical therapy used in this therapy
study duration
<2 No Benzylpenicillin, Ampicillin if COPD Benzylpenicillin, Phenoxymethylpeni- 5 days <6days (144 h)
exacerbation cillin, Ampicillin, Amoxicillin, or any
combination thereof
<2 Yes Erythromycin Any macrolide antibiotic 5 days <6 days (144 h)
>3 No Benzylpenicillin AND Gentamicin. Benzylpenicillin or Ampicillin 7 days <8days (192 h)
eGFR of < 30: Cefotaxime. ICU patients: AND an aminoglycoside (tobramycin
Cefotaxime OR Piperacillin/Tazobac-  or gentamicin). eGFR of < 30: Cefo-
tam AND Ciprofloxacin taxime or Ceftriaxone. ICU patients:
Cefotaxime or Ceftriaxone or Piperacil-
lin/Tazobactam AND a quinolone
>3 Yes Clindamycin AND Ciprofloksacin Clindamycin AND a quinolone 7 days <8days (192 h)

CAP Community-Acquired Pneumonia, eGFR Estimated Glomerular Filtration Rate in mL/min/1.73m?, ICU Intensive Care Unit

therapy [8]. The guidelines recommend specific empirical
treatments for patients with suspected CAP admitted to
the hospital and suggest a treatment duration of five days,
including both IV and oral antibiotics, for mild to moder-
ate CAP (defined as CRB-65 score 0—2) and seven days
for more severe CAP (defined as CRB-65 score >2). From
the original study cohort, we formed two sub-cohorts for
analysis—one for each antimicrobial stewardship target.

Data collection

Eligible patients were included shortly after presenting
to the ED. Baseline data were collected by study nurses
or investigating physicians and documented in the elec-
tronic case report form Viedoc (Viedoc Technologies,
Uppsala, Sweden). Clinical data, including patient demo-
graphics, comorbidities, initial antibiotic choice, therapy
duration, and discharge prescriptions, were extracted
from electronic medical records.

Inclusion and exclusion criteria

General inclusion and exclusion criteria for the cohort

The inclusion and exclusion criteria were the same for
both study cohorts, detailed previously [14, 15]. Briefly,
adults aged 18 and over, presenting to the ED with sus-
pected CAP and meeting at least two predefined clinical
indicators, were considered. These indicators included
symptoms like new or intensified cough, expectora-
tion, dyspnoea, haemoptysis, pleuritic chest pain, fever
(>38.0 °C), or evidence of pneumonia through radiologi-
cal imaging or abnormalities detected during chest aus-
cultation or percussion. Exclusion criteria encompassed
recent hospitalization (within the last 14 days before ED
presentation), cystic fibrosis, palliative care status, or
unwillingness or inability to provide a lower respiratory
tract (LRT) sample. Additional inclusion and exclusion

criteria for the analysis of the two different antimicrobial
stewardship targets are outlined below. Written informed
consent was obtained from all patients, or their legal
guardians/close relatives when applicable.

Criteria for the sub-cohorts analyzed in the current study
The empirical antibiotic treatment sub-cohort included
all patients enrolled in the two original study cohorts
who received antibiotic treatment. Patients were
excluded from this sub-cohort if they had initiated anti-
biotic therapy more than 48 h after admission or if their
initial antibiotic choice was guided by microbiology test
results. These exclusions were necessary because such
patients were unlikely to have community-acquired
infections, and their therapy could not be classified as
purely empirical.

For the antibiotic therapy duration sub-cohort, we
included all patients from the two original study cohorts
who received antibiotic treatment. Patients with dis-
charge diagnoses other than CAP or community-
acquired COPD exacerbations were excluded from the
analysis of treatment durations, as the guideline recom-
mendations were not applicable to these groups. Both
CAP and COPD exacerbations were considered within
the scope of the study, provided the patients met the
inclusion criteria. Additionally, patients who died before
they could have received antibiotic therapy beyond the
recommended duration were excluded. To focus on
patients intended to receive a full course of antibiot-
ics, we also excluded patients treated with antibiotics
for <24 h. This short time frame was chosen as studies
have shown that antibiotic courses as short as 72 h can be
safe in CAP [17]. We also excluded patients treated with
antibiotics for more than 20 days, as this typically indi-
cates complicated pulmonary infections. Furthermore,
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we excluded patients who were assumed to be clinically
unstable at day five or day seven of their antibiotic treat-
ment. Detailed clinical stability assessments at these time
points were not available from the trial and could not
be easily extracted from the electronic medical records.
Therefore, we used discharge status as a proxy for stabil-
ity. For patients discharged to a nursing home or other
healthcare institutions, we manually reviewed their elec-
tronic medical charts to assess clinical stability. Patients
were considered clinically stable if they were afebrile
(body temperature <37.6 °C), had a respiratory rate <24/
minute, peripheral oxygen saturation>90% while breath-
ing ambient air, and were able to eat [16, 17].

1. Choice of empiric antibiotic therapy within 48 h of
admission.

The assessment focused solely on the choice of empiric
antimicrobial agents, excluding any dosing considera-
tions. Guideline adherence was evaluated solely for the
initial therapy administered.

The initial therapy was defined as the first antibacte-
rial agent(s) administered during admission. If a second
or third antibiotic was administered within three hours
of the first, it was considered combination therapy. To
establish the most appropriate cutoff between combina-
tion therapy and an antibiotic switch, we evaluated time
intervals of 1, 2, 3, 4, 5, and 6 h. For each interval, we
manually reviewed whether the second and third anti-
biotics were part of a combination regimen or indicated
an early change in therapy. Based on this assessment, a
three-hour cutoff was determined to be the most appro-
priate. The initial therapy was then classified as adherent
or non-adherent using a rule-based approach, as detailed
in Table 1.

2. Duration of antibiotic therapy.

The Norwegian guidelines recommend a fixed total
antibiotic treatment duration of 5 days for clinically sta-
ble patients with CAP or COPD exacerbations, based on
the initial severity of infection. Specifically, for patients
with a CRB-65 score <2, indicating mild to moderate dis-
ease, the recommended treatment duration is 5 days. For
patients with more severe infections (CRB-65 score >2),
the recommended treatment duration is 7 days [13].

Importantly, these recommendations are based on the
baseline severity of illness and do not explicitly adjust for
clinical stability at specific points during treatment. How-
ever, the guidelines do reference the NICE guidelines,
which recommend extending therapy if patients have
not achieved clinical stability by day three [18]. These
aspects were not directly addressed in the fixed duration

(2024) 13:140

Page 4 of 18

recommendations from the Norwegian guidelines but are
pertinent when evaluating adherence.

Therapy duration included both in-hospital (IV and
oral) and planned post-discharge treatment. Guideline-
adherent therapy was defined as <6 days (144 h) for mild
to moderate disease and <8 days (192 h) for severe dis-
ease, with a 24-h margin to ensure a practical and clini-
cally relevant definition of adherence. In September
2020, one month before the start of study inclusion, the
guideline recommendations for the duration of antibi-
otic treatment were changed from 5 to 7 days to a fixed
five days for stable CAP. Since guideline implementation
might be delayed in clinical practice, we also analysed the
time from the guideline change to admission as part of
our study to assess its impact on adherence.

Statistics

For descriptive analysis, categorical variables are pre-
sented as counts and percentages of available data. Con-
tinuous variables are shown as medians with interquartile
ranges (IQR) based on available data. We compared cat-
egorical variables using Pearson’s Chi-squared test and
continuous variables using the Wilcoxon rank-sum test.

To handle missing data, we used the missRanger pack-
age in R, which employs chained random forests with
predictive mean matching. This method leverages the
non-linear relationships between variables to accurately
predict missing values, thereby enhancing our analyses’
robustness by mitigating bias from incomplete data [19].

To assess the effect of three continuous variables (max-
imum C-reactive Protein (CRP) value, length of stay, and
time since the guideline change) on the probability of
antibiotic therapy durations longer than recommended,
we employed a logistic regression model that accounted
for non-linearity using natural splines. We visualized the
effect of time since the guideline change using the sjPlot
package in R [20].

In our multivariate regression analyses, all variables
were converted to binary forms. Established cutoffs from
the literature were used where available. For numeric var-
iables lacking established cutoffs, we explored the rela-
tionship between each variable and the probability of the
outcome, assessing for both linear and non-linear pat-
terns. If no relationship was detected, the cutoff was set
at the median value. When a relationship was identified,
the cutoff was determined based on the observed pattern.

We utilized multivariate regression using Poisson
regression model with generalized estimating equations
(GEE) to estimate the risk of antibiotic treatment deviat-
ing from guidelines. This approach allows for the direct
estimation of risk ratios, which are more intuitive and
interpretable than odds ratios (OR) [21, 22]. The results
are presented as risk ratios (RR) with 95% confidence
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intervals (CI) and associated p-values. In addition, Pop-
ulation Attributable Fractions (PAF) were calculated for
variables with a significant effect on guideline adherence.

The multivariate models included age, sex, and vari-
ables likely to influence treatment. For empirical anti-
biotic therapy the model included age, gender, clinical
frailty scale, admission from a nursing home, hospital
admission within the last month, COPD, chronic kidney
disease (CKD), immunodeficiency, ongoing antibiotics
at admission, antibiotics use in the last month, antibiotic
allergy, SOFA score, and CRB-65 score. For duration of
therapy the model included age, sex, immunodeficiency,
COPD, use of systemic steroids, length of stay, Clinical
Frailty Scale, Charlson Comorbidity Index, SOFA-score,
ventilatory support, ICU admission, maximum CRP
value during admission, and microbial detections.

For both univariate and multivariate analyses, we set a
two-sided significance level of 0.05.

We conducted all analyses using R statistical soft-
ware, version 4.4.0 (http://www.r-project.org) [23].

Results

Out of 3238 patients assessed for eligibility, of whom
1521 did not meet the inclusion criteria, and 357 meet-
ing exclusion criteria. 640 were enrolled, with five
withdrawing consent, 97 did not receive any antibiotic
treatment and 15 had been admitted to hospital the
past 14 days. Among the remaining 523 patients, 479
were included in the analysis of empirical antibiotic
treatment, and 341 in the treatment duration analysis
(Fig. 1). Patient characteristics for the whole cohort of
523 patients is presented in Table 2.

Assessed for eligibility
(N=3,238)

Not included: (N=2613)
- Not meeting inclusion criteria (N=1521)
Meeting exclusion criteria (N=357)

Admitted outside inclusion hours (N=321)
Unable to consent (N=289)
Declined to participate (N=125)

Enrolled in the study
N=640

Withdrew consent (N=5)

No antibiotic treatment (N=97)
Admitted to hospital past 14 days (N=15)

523 included in analysis

Not included in analysis

- Antibiotic treatment only after discharge (N=20)
Antibiotics initiated >48 hours from ED
presentation (N=22)
Initial therapy guided by a microbiologic test result
(N=5)

A 4

Empirical antibiotics analysis

N=479

Fig. 1 Flowchart of included patients. LRT Lower Respiratory Tract

Not included in analysis
- Antibiotic treatment <24 hours (N=13)
Antibiotic treatment > 20 days (N=26)
Other discharge diagnosis than LRT infection (N=33)
Died within 6/8 days of admission (N=3)
Length of stay >6/8 days (N=93)
Not clinically stable at discharge (N=14)

A 4

Duration of antibiotic
treatment analysis

N=341
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Table 2 Baseline characteristics of all patients included in the study (n=523)

Characteristic N=523 Missing data N (%)
Demographic and general information
Age, median (IQR) 73 (63, 80)

Sex, female, n (%)
Dependency and frailty
Independent on admission, n (%)
Clinical Frailty Scale, median (IQR)
Health and lifestyle factors
Current smoker, n (%)
Former smoker, n (%)
COVID-19 Vaccination (Any Dose), n (%)
Pneumococcal Vaccination (Last 5 Years), n (%)
Influenza Vaccination (Current Season), n (%)
Chronic diseases
Presence of Chronic Disease, n (%)
Charlson Comorbidity Index, median (IQR)
COPD, n (%)
Hypertension, n (%)
Coronary Artery Disease, n (%)
Atrial fibrillation, n (%)
Congestive Heart Failure, n (%)
Diabetes, n (%)
Asthma, n (%)
History of Stroke, n (%)
Chronic Kidney Disease, n (%)
Liver failure, n (%)
Cognitive Impairment, n (%)
Allergies and prior treatment
Antibiotic Allergy, n (%)
Antibiotic Use Before ED Presentation, n (%)
Clinical severity scores at admission
NEWS (National Early Warning Score), median (IQR)
SOFA (Sequential Organ Failure Assessment) Score, median (IQR)
PSI (Pneumonia Severity Index), median (IQR)
CRB-65 Score 0, n (%)
CRB-65 Score 1, n (%)
CRB-65 Score 2, n (%)
CRB-65 Score >3, n (%)

225 (43%)

404 (77%)
4(2,5)

87 (17%)
299 (57%) :
389 (77%) 15(2.9)
252 (40%)
340 (54%)

468 (89%)
4(2,5)

212 (41%)

92 37%)

09 (21%)

96 (18%)

84 (16%)

69 (13%))

(1 1%)

4 (10%)

49 (9.4%)

2 (0.4%) 1(02)

5(2.9%)

15

52 (9.9%)
116 (22%)

3,7) 2(04)
1,3) 47(9.0)
55(10.5)

COVID-19 Coronavirus disease 2019, COPD Chronic Obstructive Pulmonary Disease, QR Interquartile Range

Empirical antibiotic treatment within 48 h
Of the 523 patients, 479 (91.6%) received empirical anti-
biotic treatment within 48 h of admission. The patient
selection for analysis is outlined in Fig. 1. Among these
patients, 382 (79.7%) were given empirical regimens
recommended by national guidelines, while 97 (20.3%)
received treatments that deviated from these guidelines.
Within the subgroup of 437 patients without a known
penicillin allergy and with a CRB-65 score<2, 370
(84.7%) received guideline-adherent therapy. In contrast,

adherence rates were significantly lower for patients with
an antibiotic allergy, a high CRB-65 score, or both, with
adherence ranging from 0 to 32% (Fig. 2). Compared to
patients without a penicillin allergy and a low CRB-65
score, those with a penicillin allergy and a low CRB-65
score had a significantly higher risk of receiving non-
adherent empirical therapy, with a Relative Risk (RR) of
5.0 (95% CI 3.5, 7.3; p<0.001). Similarly, patients with a
high CRB-65 score but no penicillin allergy had an RR of
4.4 (95% CI 3.2, 6.2; p<0.001) for non-adherent therapy.
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100
N=9 N=3 N =370

75
S Guideline adherence
8
c . .
8 50 I:‘ Guideline adherent
E I:' Non-adherent

25

N =1 N=19 N=10 N =67
0

Allergy, High CRB65 Allergy, Low CRB65

No allergy, High CRB65

No allergy, Low CRB65

Fig. 2 Guideline Adherence in Empirical Antibiotic Treatment Across Patient Groups by CRB-65 Score and the presence of Penicillin Allergy.
Percentages of guideline adherence to empirical antibiotic treatment across patient groups stratified by CRB-65 score and the presence of penicillin
allergy. Groups are defined as follows: (1) patients with penicillin allergy and CRB-65 > 3, (2) patients with penicillin allergy and CRB-65<2, (3)
patients without penicillin allergy and CRB-65 > 3, and (4) patients without penicillin allergy and CRB-65 < 2. Each bar represents the proportion

of patients within each group who received guideline-adherent (blue) or non-adherent treatment (orange). The total number of patients

within each group (N) is noted within each bar

Notably, only one patient in the analysis had both a peni-
cillin allergy and a high CRB-65 score, and this patient
also received non-adherent treatment.

Among the 20 patients with a penicillin allergy who
did not receive guideline-adherent therapy, the following
empirical treatments were administered: three patients
(15%) were treated with penicillin, six (30%) with a ceph-
alosporin, five (25%) with clindamycin, four (20%) with
a tetracycline, and four (20%) with other antibiotics. A
detailed overview of the empirical antibiotic therapies
in patients who did not receive guideline-adherent treat-
ment is provided in Supplementary Table S1.

In univariate analyses (Table 3), factors associated with
a lower frequency of guideline adherence included a high
Clinical Frailty Scale, chronic kidney disease (CKD), anti-
biotic allergy, prior outpatient antibiotic therapy at ED
presentation, and a CRB-65 score > 2.

For patients with CKD, both the presence of any CKD
and stage 4 or 5 CKD with an estimated glomerular fil-
tration rate (eGFR) of<30 mL/min/1.73m? were asso-
ciated with non-adherence to guidelines. Among the
ten patients with stage 4 or 5 CKD, four (40%) received

empirical therapy according to guidelines and six (60%)
did not, accounting for 1.1% and 5.3% of the cohorts that
received guideline-adherent and non-adherent empirical
therapy, respectively (p=0.015). Compared to patients
without CKD, those with any CKD had a Relative Risk
(RR) of 1.8 (95% CI 1.1, 2.8; p=0.015) for receiving treat-
ment that deviated from guidelines. Patients with stage 4
or 5 CKD had an even higher RR of 3.1 (95% CI 1.8, 5.3;
»<0.001) for non-adherent therapy.

For the Poisson regression analyses, significant predic-
tors of non-adherence included antibiotic allergy, chronic
kidney disease, admission from nursing home, antibiotic
treatment past month, and a CRB-65 score>2 with RRs
of 4.9 (95% CI 3.8, 6.5; p<0.001), 1.8 (95% CI 1.1, 2.8; p
0.016), 2.3 (95% CI 1.4, 3.8; p=0.001), 1.8 (95% CI 1.2,
2.7; p=0.003), and 3.9 (95% CI 2.3, 6.5; p<0.001), respec-
tively. COPD was associated with increased guideline
adherence with a RR of non-adherence of 0.7 (95% CI 0.5,
1.0; p=0.032). Refer to Table 4 for detailed results.

The population attributable fractions (PAF) for the
significant predictors of non-adherence were as fol-
lows: antibiotic allergy 0.28 (95% CI 0.21, 0.35), CRB-65
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Table 3 Comparison of patient variables in guideline adherent vs. non-adherent antibiotic therapy

Empirical antibiotic treatment Treatment duration
N?  Guideline- Non- p-value® N  Guideline- Non-adherent therapy p-value®
adherent adherent adherent
therapy therapy therapy
479 (N=382) (N=97) 341 (N=69) (N=272)
Demographic characteristics
Gender (male), n (%) 479 222 (58%) 49 (51%) 0177 341 33 (48%) 148 (54%) 0328
Age (years), median (IQR) 479 74(63,81) 73 (65,79) 0876 341 70 (55,78) 71(61,78) 0485
Dependency and comorbidity at admission
Charlson Comorbidity Index 479 4(3,5) 4(2,5) 0324 341 4(1,5) 4(2,5) 0.888
Dependent on care on admission, n 478 82 (21%) 28 (29%) 0.109 341 17 (25%) 43 (16%) 0.085
(%)
Clinical Frailty Scale >4, n (%) 478 46 (12%) 20 (21%) 0.029% 9 (13%) 23 (8.5%) 0.243
Hypertension, n (%) 479 131 (34%) 45 (46%) 0.027* 341 25 (36%) 93 (34%) 0.750
Congestive heart failure, n (%) 479 56 (15%) 21 (22%) 0094 341 11 (16%) 35 (13%) 0.504
Diabetes mellitus, n (%) 479 45(12%) 7 (18%) 0260 341 9 (13%) 33 (12%) 0.837
Chronic kidney disease, n (%) 479  30(7.9%) 15 (15%) 0.022* 341 4 (5.8%) 18 (6.6%) >0.999
Cancer, n (%) 479 35(9.2%) 1(11%) 0516 341 4(5.8%) 19 (7.0%) >0.999
Immunodeficiency, n (%) 479 36(94%) 11 (11%) 0571 341 4 (5.8%) 30 (11%) 0.195
COPD, n (%) 479 160 (42%) 37 (38%) 0504 341 27 (39%) 107 (39%) 0.975
Cognitive impairment, n (%) 479 0 (2.6%) 5(5.2%) 0.199 341 2 (2.9%) 5(1.8%) 0.633
Antibiotic allergy, any, n (%) 479 24 (6.3%) 22 (23%) <0.001* 341 11 (16%) 31 (11%) 0.305
Pre-admission vaccines and exposure
Pneumococcal vaccine last 5 years, 479 151 (40%) 48 (49%) 0.076 341 27 (39%) 113 (42%) 0.716
n (%)
Influenza vaccination, current season, 479 214 (56%) 55 (57%) 0904 341 29 (42%) 160 (59%) 0.012*
n (%)
Unvaccinated SARS-CoV2, n (%) 466 96 (25%) 27 (28%) 0586 333 21 (30%) 45 (17%) 0.015*
Severity scores at admission
NEWS2 score >4, n (%) 476 208 (55%) 56 (58%) 0625 339  34(49%) 131 (49%) 0.955
PSI score > 90, n (%) 430 161 (47%) 50 (57%) 0.091 296 25 (41%) 96 (41%) 0.803
CRB-65 score>2, n (%) 479 3(0.8%) 11 (11%) <0.001* 341 3(4.3%) 4(1.5%) 0.150
SOFA score > 2 first 24 h of admission, 434 245 (71%) 70 (80%) 0353 303 35 (54%) 156 (66%) 0.117
n (%)
Antibiotics at admission
Initiated before admission/Ongoing, 479 77 (20%) 30 (31%) 0.023* 241 18 (26%) 57 (21%) 0.358
n (%)
Immunosuppressive medications on admission
Corticosteroids, n (%) 479 55 (14%) 18 (19%) 0309 341 7 (10%) 37 (14%) 0.226
Other immunomodulants, n (%) 479 37 (9.7%) 8 (8.2%) 0665 341 7 (10%) 20 (7.4%) 0.569
Microbial detections during admission
Clinically relevant bacteria detected, NA 341 23 (33%) 149 (55%) 0.001*
n (%)
Clinically relevant virus detected, n (%) NA 341 38 (55%) 112 (41%) 0.038*
Gram positive detection®, n (%) NA 341 17 (25%) 62 (23%) 0.746
H. influenzae and/or M. catarrhalis NA 341 13 (19%) 102 (38%) 0.003*
detected, n (%)
Enterobacterales or non-fermenters NA 341 2 (2.9%) 37 (14%) 0.013*
detected, n (%)
Dependancy at discharge
Independent, n (%) NA 340 46 (67%) 218 (80%) 0.017*
Discharged to nursing home or other ~ NA 340 5(7.2%) 12 (4.4%) 0.353

health care institution, n (%)
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Table 3 (continued)

Empirical antibiotic treatment Treatment duration
N?  Guideline- Non- p-value® N*  Guideline- Non-adherent therapy p-value®
adherent adherent adherent
therapy therapy therapy
479 (N=382) (N=97) 341 (N=69) (N=272)
Outcomes
Length of stay (days), median (IQR) NA 341 209 (1.04,3.50) 3.06(2.07,4.05) <0.001*
Readmission within 30 days of dis- NA 341 15 (22%) 31 (11%) 0.025%
charge, n (%)
Mortality within 30 days of admission,  NA 341 0 (0%) 3(1.1%) >0.999
n (%)

NA Not Applicable, COPD Chronic Obstructive Pulmonary Disease, NEWS National Early Warning Score, PSI Pneumonia Severity Index, SOFA Sequential Organ Failure
Assessment

2N displays the number of subjects with available data for each variable. Counts and percentages are provided for the available data

b Pearson’s Chi-squared test for categorical data, and Wilcoxon rank sum test for numerical data. P-values are calculated using both the available and imputed data
where data are missing (NA)

¢ Detection of Streptococcus pneumoniae, Staphylococcus aureus, Streptococcus pyogenes, or Streptococcus agalactiae in a lower respiratory tract sample, blood cultures
of by a urine antigen test

" Significant

Table 4 Factors Influencing Non-Adherence to Guidelines for Empirical Antibiotic Therapy Treatement: Poisson Regression Model

(n=479)
Variable Estimate SE RR 95% CI P-value Forest plot
Antibiotic Allergy 1.598 0.142 4.94 3.75,6.52 <0.001* i S —
I
I
CRB-65 Score >2 1.349 0.268 3.85 2.28,6.52 <0.001* | | » .
I
I
Admission from Nursing Home 0.839 0.257 231 1.4,3.83 0.001* i *
]
I
e e * 1
Antibiotic Treatment Past Month 0.608 0.202 1.84 1.24,2.73 0.003 : .
I
Chronic Kidney Disease 0.570 0.236 1.77 1.11,2.81 0.016* i
——
I
Admitted to Hospital Past Month 0.286 0.204 1.33 0.89, 1.99 0.161 i
——
I
Clinical Frailty Scale >4 0.261 0.184 1.30 091, 1.86 0.156 !
—a—
Female 0.153 0.152 1.16 0.86,1.57 0.315 E
o—
I
SOFA Score >2 0.134 0.174 1.14 0.81, 1.61 0.441 :
I
Immune Deficiency 0.110 0.224 1.12 0.72,1.73 0.625 I
I
—a—
Antibiotics Started Before Admission -0.010 0.216 0.99 0.65, 1.51 0.964 i
I
55—
Age 70 or older —-0.127 0.163 0.88 0.64,1.21 0.435 i
I
e
COPD —0.349 0.162 0.71 0.51,0.97 0.032* |
H—{
I

RR Risk ratios, SE Standard Error, Cl Confidence Interval, CRB-65 Confusion, Respiratory Rate, Blood Pressure, Age > 65. SOFA Sequential Organ Failure Assessment, COPD
Chronic Obstructive Pulmonary Disease
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score >2 0.08 (95% CI 0.04, 0.14), admission from a nurs-
ing home 0.02 (95% CI 0.01, 0.05), antibiotic treatment
in the month prior to admission 0.24 (95% CI 0.08, 0.39),
and CKD 0.07 (95% CI 0.01, 0.15). PAF estimates for all
variables included in the model can be found in Supple-
mentary Table S2.

Therapy duration

Among the 523 patients, 182 were not included in the
analysis of antibiotic duration for the following reasons:
13 were treated with antibiotics for less than 24 h, and
26 longer than 20 days, 33 had a discharge diagnosis
other than a lower respiratory tract infection, and three
patients died before they could have received antibiotic
therapy beyond the guideline recommendations. Of the
remaining, 93 had a length of stay that exceeded the
recommended therapy duration and were thus not con-
sidered clinically stable, reducing the number to 355.
Further, 28 of these 355 patients were discharged to a
nursing home or another healthcare institution, 14 did
not meet clinical stability criteria at discharge and were
also excluded (Fig. 1) This left 341 patients in the anal-
ysis, all of whom received between 24 h and 20 days of
antibiotic therapy. Figure 3A depicts the duration of anti-
biotic therapy in the 341 included patients as well as the
107 patients excluded for the reasons listed above.

Antibiotic therapy duration beyond recommendations
was observed in 272 (79.8%), and according to guideline
in 69 (20.2%). The median treatment duration for all the
patients included in the analysis was 7.9 days (IQR 6.9,
9.5 days), and 67 patients (19.6%) received therapy for
more than 10 days. For patients with a CRB-65 score
of <2 where the guidelines recommend five days of ther-
apy, the median duration was 7.8 days (IQR 6.8, 9.4) and
in the group of patients with CRB-65 score >3 8.9 days
(IQR 7.6, 10.6), mean difference 1.1 days (95% CI — 1.4,
3.5), p=0.330. In the two groups, 268 (80%) and 4 (57%)
of the patients received therapy that was longer than rec-
ommended by guidelines, an absolute difference of 23%
(95% CI — 21% to 67%), p=0.303. The distribution of
the duration of therapy is shown in Fig. 3B. The median
duration of in-hospital antibiotic therapy was 2.9 days
(IQR 1.8, 4.0) and for post-discharge treatment 5 days
(IQR 4, 7). The planned post-discharge antibiotic therapy
contributed significantly more to the total therapy dura-
tion than in-hospital therapy with a median difference of
2.5 days (95% CI 2.2, 2.9), p<0.001. The contribution of
in-hospital and post-discharge therapy to therapy dura-
tion is presented in Fig. 3C.

In univariate analyses patients with a therapy dura-
tion within guideline recommendations had a shorter
median length of stay: 2.1 days (IQR 1.0, 3.5) compared
to those with longer antibiotic treatment, who had a
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median length of stay of 3.1 days (IQR 2.1-4.1), p<0.001.
Patients with shorter therapies were less frequently vac-
cinated against SARS-CoV and influenza. Patients with
longer therapy more often had a detection of H. influ-
enzae and/or M. catarrhalis and other gram-negative
bacteria, while detection of respiratory viruses were asso-
ciated with shorter therapy. Refer to Table 3 for further
details. In addition to the variable included in Table 3, we
found that higher maximum values of C-reactive protein
(CRP) were associated with duration of antibiotic therapy
longer than guideline recommendations. Patients that
had a therapy duration within guideline recommenda-
tions had a median CRP value of 62 mg/L (IQR 29, 130),
while patients that were treated for longer than recom-
mended by guidelines had a median value of 167 mg/L
(IQR 97, 236), p<0.001.

The impact of three continuous variables—maximum
CRP level, length of stay, and time since the guideline
change—on the probability of receiving antibiotic treat-
ment durations longer than recommended is illustrated
in Fig. 4A-C, where Fig. 4A shows that the probability
increases with length of stay up to two days, after which
it plateaus. Figure 4B demonstrates a steep increase in
the probability as CRP levels rise up to 100 mg/L, fol-
lowed by a more gradual rise up to 300 mg/L. Figure 4C
shows temporal trends following the guideline change:
the first 12 months show no significant change in adher-
ence, followed by a noticeable increase in non-adherence
over the next 12 months, and a subsequent decrease in
the final seven months.

In the Poisson regression model, factors associated
with extending therapy beyond guideline recommenda-
tions included a CRP value greater than 100 mg/L dur-
ing admission, with an RR of 1.37 (95% CI 1.18, 1.59;
p<0.001), and a length of stay exceeding two days, with
an RR of 1.22 (95% CI 1.04, 1.43; p=0.017). Addition-
ally, detection of Haemophilus influenzae or Morax-
ella catarrhalis was associated with an increased risk
of prolonged therapy (RR 1.15; 95% CI 1.04, 1.27;
p=0.006), as was detection of Enterobacterales or non-
fermenting Gram-negative rods (RR 1.33; 95% CI 1.16,
1.53; p=0.001). Conversely, the detection of respiratory
viruses was associated with a shorter duration of ther-
apy within the guidelines (RR 0.86; 95% CI 0.78, 0.97;
p=0.012). The full results of the regression model are
presented in Table 5.

The population attributable fractions (PAF) for the
significant predictors of non-adherence were as follows:
0.20 (95% CI 0.11, 0.28) for CRP>100 mg/L, 0.14 (95%
CI 0.03, 0.25) for length of stay more than two days, 0.05
(95% CI 0.01, 0.08) for detection of Haemophilus influ-
enzae or Moraxella catarrhalis, and 0.03 (95% CI 0.02,
0.06) for detection of Enterobacterales or non-fermenting
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Fig. 3 Antibiotic Treatment Durations. Panel A Total duration of antibiotic therapy among patients who received between 24 h and 20 days

of treatment, comparing those included (n=341) and not included (n=107) in the analysis. Panel B Total antibiotic treatment duration in patients
with CRB-65 scores of 0-2 compared to those with scores > 2, with lines indicating the cutoffs used to define guideline adherence. Panel C Relative
contribution of in-hospital versus post-discharge treatment durations
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A Effect of length of stay on probability of treatment longer than recommended in guidelines
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Fig. 4 Impact of Length of Stay, CRP Levels, and Time Since Guideline Change on Adherence to Antibiotic Treatment Duration. A-C The impact
of three continuous variables—maximum C-reactive Protein (CRP) level, length of stay, and time since the guideline change—on the probability
of receiving antibiotic treatment durations longer than recommended. For A and B the dotted line represents the cutoff chosen when converting
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Table 5 Factors influencing non-adherence to guidelines for duration of antibiotic therapy: Poisson regression model (n=341)

Variable Estimate SE RR 95% CI P-value Forest plot
CRP >100 mg/L 0.312 0.076 1.37 1.18,1.59 <0.001* X —i—
1
1
Enterobacterales or Non-fermenter Detected 0.288 0.070 1.33 1.16, 1.53 <0.001* 1 » .
1
1
Length of Stay >2 Days 0.197 0.083 1.22 1.04,1.43 0.017* : » .
1
Independent at Discharge 0.141 0.088 1.15 0.97,1.37 0.109 ! o
1
H. influenzae or M. catarrhalis Detected 0.139 0.050 1.15 1.04,1.27 0.006* : »
1
1
Immune Deficiency 0.101 0.069 1.11 0.97,1.27 0.142 L
1
1
SOFA Score >2 0.046 0.056 1.05 0.94,1.17 0.255 e
1
Charlson Comorbidity Index >4 0.033 0.064 1.03 091, 1.17 0.609 IE
1
Chronic corticosteroid use 0.013 0.073 1.01 0.88,1.17 0.858 :E
COPD -0.004 0.057 1.00 0.89, 1.11 0.947 :
Female —-0.023 0.051 0.98 0.89, 1.08 0.651 :
1
Clinical Frailty Scale >4 —0.024 0.120  0.98 0.77,1.23 0.838 1
—a—
1
Gram-positive Bacteria Detected —0.049 0.066 = 0.95 0.84,1.08 0.461 !
1
Age 70 years or older —0.062 0.059 = 094 0.84, 1.06 0.301 :
—-—
Virus Detected —0.143 0.056 0.87 0.78,0.97 0.012* :
i,
1
Any Ventilation Support —0.149 0232 | 0.86 0.55,1.36 0.519 1
£y L 1
- 1
1
ICU Admission —0.163 0.131 0.85 0.66, 1.10 0.211 o
1

RR Risk ratios, SE- Standard Error, Cl Confidence Interval, CRP C-Reactive Protein, SOFA Sequential Organ Failure Assessment, COPD Chronic Obstructive Pulmonary

Disease, ICU Intensive Care Unit

Gram-negative rods. PAF estimates for all variables
included in the study are available in Supplementary
Table S3.

Discussion

In this study, we analysed patient data focusing on two
key targets for antibiotic stewardship interventions in
adults admitted with suspected community-acquired
pneumonia (CAP): adherence to guidelines in the choice
of empirical therapy and adherence to recommended
treatment duration. We found that adherence to guide-
lines in the choice of empirical antibiotic therapy was
relatively high, with 80% of patients receiving guideline-
concordant treatment. However, adherence to the recom-
mended duration of antibiotic therapy was notably lower,
with only 20% of patients following the guidelines. The
factors contributing most to non-adherence in the choice
of empirical antibiotic therapy were antibiotic allergy,

prior antibiotic treatment within the month before
admission, and a high CRB-65 score. Conversely, a high
CRP level and a length of stay exceeding two days were
the primary factors associated with treatment durations
longer than recommended. These factors should be tar-
geted in antibiotic stewardship interventions to improve
guideline adherence and optimize treatment outcomes.
The 80% adherence rate to guideline-recommended
empirical therapy observed in our study is encouraging
and underscores the effectiveness of current antimicro-
bial stewardship programs in guiding initial treatment
decisions. This adherence level is significantly higher
than the 65% reported in a recent systematic review and
meta-analysis, as well as the 31% adherence rate observed
in a Danish study conducted under similar restrictive
antibiotic policies and low resistance conditions [24, 25].
These comparisons suggest that our institution’s stew-
ardship efforts may be more successful than average.
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However, it is important to recognize that there is no uni-
versally established benchmark for guideline adherence
at the institutional level.

Interestingly, our findings regarding antibiotic allergy
contrast with an English study that found patients with
penicillin allergies received antibiotics significantly more
adherent to guidelines compared to those without peni-
cillin allergies [26]. This discrepancy suggests that our
results may be influenced by the specific recommenda-
tions outlined in the Norwegian guidelines, which might
differ from those in other countries. This highlights the
need for a closer evaluation of our national guidelines
and consideration of potential revisions to ensure they
align with best practices and support optimal patient
outcomes. Additionally, it is worth noting that sev-
eral patients with self-reported penicillin allergies in
our study received treatment with penicillin or other
beta-lactam antibiotics. The absence of allergic reac-
tions in these cases suggests that the treating clinicians
may have deemed the self-reported allergies as non-true.
This observation aligns with the well-documented issue
of overreporting antibiotic allergies, which can lead to
unnecessary deviations from guideline-recommended
therapies [27]. Addressing this overreporting through
better diagnostic verification could further enhance
adherence to guidelines and improve patient care.

Another important finding related to the Norwegian
antibiotic guidelines is the association between chronic
kidney disease (CKD) and non-adherent empirical anti-
biotic therapy. The Norwegian guidelines recommend
treatment with a combination of a penicillin and an
aminoglycoside for CAP patients with a high CRB-65
score and an estimated glomerular filtration rate (eGFR)
of>30 mL/min/1.73 m? For patients with an eGFR
of <30 mL/min/1.73 m?, treatment with a third-gener-
ation cephalosporin is recommended. Our study found
that both any CKD and stage 4 or 5 CKD were associated
with non-adherence to guidelines, suggesting that clini-
cians may choose to deviate from the guidelines in these
cases. This deviation could stem from concerns about the
nephrotoxicity of aminoglycosides or other clinical con-
siderations not fully addressed by the guidelines. Such
deviations might be justified when additional factors
increase the risk of acute kidney injury, which the current
guidelines do not explicitly account for. Furthermore,
the Norwegian guidelines emphasize narrow-spectrum
therapy for non-ICU patients to prevent antimicrobial
resistance, differing from broader-spectrum regimens
recommended by international guidelines such as those
from the IDSA [17] may also influence clinicians’ deci-
sion-making, particularly when managing vulnerable
populations, as broader-spectrum antibiotics may be per-
ceived as safer in complex clinical scenarios.
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Similarly, deviations from guideline-recommended
therapies in patients admitted from nursing homes and
those recently treated with antibiotics may be warranted,
as these are risk factors for infections caused by bac-
teria not covered by the recommended therapies [28].
Although the term "healthcare-associated pneumonia”
has been abandoned for various reasons, admission to a
nursing home remains a significant risk factor for expo-
sure to more resistant bacteria. This increased risk is due
to factors such as frequent antibiotic use, close living
conditions, and the heightened vulnerability of the nurs-
ing home population [29].

The vast majority (80%) of patients who, according to
guidelines, should have been treated with antibiotics for
five or seven days, depending on severity, received ther-
apy for longer than recommended. This highlights the
need for a key focus on appropriate treatment duration in
antibiotic stewardship. Our findings align with a recent
American study that reported a median therapy duration
for CAP of 9 days (IQR 7, 10) and 7 days (IQR 5, 9) for
COPD exacerbation [30]. Another US study found that
two-thirds of patients received excess antibiotic therapy,
with 93% of the excess duration caused by antibiotics
prescribed at discharge [31]. Several randomized trials
have shown no benefit from antibiotic treatment exceed-
ing the shortest effective duration in uncomplicated CAP
[17, 32, 33]. Additionally, studies have found increased
rates of antibiotic-associated adverse events with excess
antibiotic therapy [31, 34]. A multicentre US study found
that a stewardship intervention reduced the duration
of antibiotic therapy for CAP without adversely affect-
ing patient outcomes [35]. Therefore, interventions to
improve antibiotic prescriptions at discharge should be
important targets of antibiotic stewardship programs.

In our analysis of treatment duration, which included
only patients with a hospital stay of less than one week,
a high CRP level and a length of stay exceeding two days
were the primary factors associated with treatment dura-
tions longer than recommended. Notably, planned post-
discharge therapy contributed the most to the overall
treatment duration, suggesting that clinicians tend to
prescribe a fixed duration of post-discharge therapy in
addition to in-hospital treatment. In contrast to a study
from Switzerland, we found no association between dis-
ease severity and treatment durations longer than those
recommended in guidelines [36]. However, like the Swiss
study, we observed that a higher degree of inflamma-
tion, as indicated by elevated C-reactive protein levels,
was associated with extended treatment durations. This
finding suggests that clinicians may prioritize laboratory
results, such as CRP levels, over the patient’s clinical con-
dition when determining the duration of antibiotic ther-
apy. This emphasis on inflammatory markers could lead
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to prolonged antibiotic use, even when the patient’s clini-
cal status may not warrant it.

Additional factors that contributed to therapy dura-
tions longer than recommended included the detection
of Gram-negative bacteria. The prolonged treatment in
these cases may be warranted, as the empirical regimens
might not adequately cover these bacteria. However, it
is important to note that the presence of bacteria, espe-
cially when detected from non-sterile body sites such as
the airways, does not always indicate an active infection
[37]. Therapy decisions based on these findings should be
made cautiously, integrating both laboratory results and
the clinical context. The practice of extending therapy
based solely on microbiological findings, without con-
sidering the full clinical picture, may lead to unnecessary
prolongation of antibiotic therapy, contributing to poten-
tial adverse effects and the development of antimicrobial
resistance [38]. Notably, in our study, microbiological
sampling included systematic efforts to collect lower res-
piratory tract samples, which went beyond routine prac-
tice and aimed to enhance pathogen detection. This
systematic sampling approach may have influenced the
detection rates and subsequently the clinical decision-
making around therapy duration. This may reduce gener-
alisability to settings with limited microbiological testing.
We observed no clear temporal trends in the probability
of receiving guideline-adherent treatment for antibiotic
duration following the publication of the updated guide-
lines. However, in the last seven months of the study,
there appeared to be an increase in the probability of
adherence. Since there were no known interventions dur-
ing this period aimed at reducing treatment duration or
improving guideline adherence, these trends are likely
influenced by other confounding variables. Importantly,
the inclusion of these temporal trends in our multivari-
ate analysis did not significantly enhance the model’s pre-
dictive power, leading us to exclude them from the final
model. Our finding underscores that simply publishing
guidelines is insufficient to effect change in hospital prac-
tices; additional strategies, such as targeted interventions
and education, are necessary to improve adherence [39].

Our study, while providing valuable insights, has limi-
tations that should be considered. Being a single-center
study, the findings may be influenced by local practices
and patient demographics, potentially limiting their gen-
eralizability. However, the issues we addressed, such as
the use of narrow-spectrum antibiotics for non-severe
CAD, are aligned with international guidelines and prac-
tices, suggesting that our observations could be relevant
to other settings with similar recommendations. Another
limitation is the lack of access to directly measured signs
of clinical stability. We used discharge to home as a proxy
for clinical stability and manually assessed the charts of
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patients discharged to nursing homes or other institu-
tions for clinical stability. Ideally, having data on clinical
stability indicators for all patients would be preferable.
However, we believe that using discharge status as a
proxy is a robust method, minimizing the risk of includ-
ing patients who were not clinically stable in the analysis.
The low 30 -day mortality rate of 1% in this group also
supports this assumption. Additionally, while analysing
therapy duration, we acknowledge that comorbidities
may have influenced length of stay, which we used as an
indirect measure of clinical stability. However, the mini-
mal difference in age and comorbidity burden between
the total cohort and those included in the duration analy-
sis suggests that any selection bias is likely to be minimal.
Including patients with longer lengths of stay might have
biased our analysis towards longer therapy durations,
given their potentially greater clinical complexity, which
could have resulted in an overestimation of antibiotic use
beyond what was recommended by the guidelines.

Another important limitation is the context of our
study—a setting with low antimicrobial resistance. Nor-
way’s low rates of antibiotic consumption and resist-
ance, attributable to effective stewardship, contrast with
regions that have higher resistance and consumption
[40]. Consequently, our findings of high guideline adher-
ence may not be generalizable to areas with a higher
baseline resistance burden, where achieving adherence
may be more challenging [41]. This highlights the need
for stewardship programs that are adapted to regional
prescribing practices and resistance profiles.

Conclusion

This study highlights several key factors influencing
deviations from antibiotic treatment guidelines in hospi-
talized adults with suspected community-acquired pneu-
monia (CAP). While guideline adherence for empirical
therapy was high, the duration of antibiotic therapy was
frequently longer than recommended, pointing to an area
that requires focused stewardship efforts. Stewardship
interventions to avoid unnecessary prolonged antibiotic
therapy associated with adverse effects and antimicrobial
resistance should educated the clinicians on the safety of
the recommended regimens and motivate clinicians to
consider the full clinical picture in the decision of treat-
ment duration. We also want to stress the importance of
optimizing discharge practices within stewardship pro-
grams as post-discharge prescriptions account for a large
proportion of the total treatment duration.

The research community should put efforts into iden-
tifying and standardizing benchmarks for adherence to
antibiotic guidelines, enabling meaningful comparisons
of adherence rates across different treatment centers..
Additionally, efforts should focus on understanding the



Markussen et al. Antimicrobial Resistance & Infection Control

factors that promote higher adherence. Establishing these
benchmarks and insights will facilitate the development
of targeted, broadly applicable interventions, ultimately
improving the effectiveness of antibiotic stewardship and
enhancing patient outcomes.

Abbreviations

AMR Antimicrobial Resistance

CAP Community-Acquired Pneumonia
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