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Abstract

Context: Community-acquired pneumonia (CAP) is a frequent cause of hospitalization and antibiotic use in adults. Appropriate selection of initial empirical
therapy is a central component of clinical management, particularly in settings where microbiological confirmation is not always available.

Aims: To evaluate the appropriateness of initial empirical antibiotic therapy and its association with clinical outcomes in adults hospitalized with CAP at a
tertiary-care (high-complexity) hospital in Cartagena de Indias during 2021.

Methods: A retrospective observational cohort study was conducted using medical records and microbiological reports. The appropriateness of the initial
empirical antibiotic therapy prescribed at admission or within the first 24 hours was assessed according to institutional guidelines based on ATS/IDSA
recommendations and the local microbiological profile. Outcomes included in-hospital mortality, ICU admission, hospital length of stay, and 30-day
readmission. Associations were analyzed using multivariable models and inverse probability of treatment weighting (IPTW), with covariate balance assessment.
Results: A total of 785 patients were included, with a mean age of 66 + 19 years. An etiological diagnosis was documented in 61.0% of cases, with Streptococcus
pneumoniae being the most frequently identified microorganism. Initial empirical antibiotic therapy was classified as appropriate in 526 patients (67.0%) and
was statistically associated with lower in-hospital mortality, lower frequency of ICU admission, shorter hospital stay, and lower 30-day readmission.
Conclusions: Appropriate initial empirical antibiotic therapy was statistically associated with more favorable clinical outcomes in adults hospitalized with CAP.
These findings are consistent with the importance of adherence to clinical practice guidelines, disease severity assessment, microbiological support, and
institutional antimicrobial stewardship strategies.

Keywords: antibacterial agents; antimicrobial stewardship; cohort studies; community-acquired pneumonia; guideline adherence.

Resumen

Contexto: La neumonia adquirida en la comunidad (NAC) es una causa frecuente de hospitalizacion y uso de antibidticos en adultos. La seleccion adecuada del
tratamiento empirico inicial es un componente central del manejo clinico, especialmente cuando la confirmacién microbioldgica no esta disponible.

Objetivos: Evaluar la pertinencia del tratamiento antibitico empirico inicial y su asociacién con desenlaces clinicos en adultos hospitalizados con NAC en un
hospital de atencion terciaria (alta complejidad) de Cartagena de Indias durante 2021.

Métodos: Se realizé un estudio observacional retrospectivo de cohorte basado en historias clinicas y reportes microbioldgicos. La pertinencia del tratamiento
antibi6tico empirico inicial, prescrito al ingreso o durante las primeras 24 horas, se evalud segln las guias institucionales basadas en las recomendaciones
ATS/IDSAYy el perfil microbioldgico local. Los desenlaces incluyeron mortalidad intrahospitalaria, ingreso a UCI, estancia hospitalaria y reingreso a 30 dias. Las
asociaciones se analizaron mediante modelos multivariados y ponderacién por probabilidad inversa del tratamiento (IPTW), con evaluacién del balance de
covariables.

Resultados: Se incluyeron 785 pacientes, con edad promedio de 66 + 19 afios. En el 61,0% de los casos hubo diagndstico etioldgico, siendo Streptococcus
pneumoniae el microorganismo mas identificado. El tratamiento antibidtico empirico inicial fue clasificado como pertinente en 526 pacientes (67,0%) y se
asoci6 estadisticamente con menor mortalidad intrahospitalaria, menor frecuencia de ingreso a UCI, menor estancia hospitalaria y menor reingreso a 30 dias.
Conclusiones: La pertinencia del tratamiento antibiético empirico inicial se asocié con desenlaces clinicos mas favorables en adultos hospitalizados con NAC.

Estos hallazgos son consistentes con la importancia de la adherencia a guias de practica clinica, la evaluacion de la severidad de la enfermedad, el soporte
microbioldgico y las estrategias institucionales de optimizacién antimicrobiana.

Palabras Clave: adherencia a guias; agentes antibacterianos; estudios de cohorte; neumonia adquirida en la comunidad; programas de optimizacién de
antimicrobianos.
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Abbreviations: ATS/IDSA: American Thoracic Society/Infectious Diseases Society of America; CAP: community-ac-
quired pneumonia; CI: confidence interval; CURB-65: severity scale for community-acquired pneumonia; ICU: intensive
care unit; IPTW: inverse probability of treatment weighting; IQR: interquartile range; MRSA: methicillin-resistant Staph-

ylococcus aureus; OR: odds ratio; SD: standard deviation.

INTRODUCTION

Community-acquired pneumonia (CAP) is a fre-
quent and clinically relevant infection in adults, asso-
ciated with hospitalization, complications, and mortal-
ity, particularly in older patients or those with comor-
bidities (Aliberti et al., 2021; Ferreira-Coimbra et al.,
2020; Vaughn et al., 2024). Although its etiology may
be bacterial, viral, fungal, or mixed, Streptococcus
pneumoniae remains one of the most relevant classical
pathogens. Microbiological identification is not always
achieved because of the limitations of conventional di-
agnostic methods and prior antibiotic use (Gadsby &
Musher, 2022; Musher & Thorner, 2014). Initial empir-
ical treatment selection should consider clinical sever-
ity, comorbidities, risk factors for resistant microorgan-
isms, and the local epidemiological profile, according
to ATS/IDSA guidelines and recent reviews on CAP
diagnosis and management (Metlay et al., 2019;
Oliveira e Silva et al., 2023). In clinical practice, the dif-
ficulty of confirming the etiology and the need to initi-
ate timely treatment make the appropriateness of em-
pirical therapy a central component of care, with im-
plications for patient safety, clinical outcomes, re-
source optimization, and prevention of antimicrobial
resistance (Al-Tawfiq et al., 2019; Tamma et al., 2019;
Viasus et al., 2017). The appropriateness of antibiotic
prescribing for CAP has been scarcely evaluated in Co-
lombia; therefore, this study aimed to generate evi-
dence on this topic in a major city in the Colombian
Caribbean region.

MATERIAL AND METHODS

A retrospective observational cohort study was
conducted using clinical and microbiological data from
adult patients hospitalized with CAP during 2021 at a
tertiary-care hospital in Cartagena de Indias. The anal-
ysis considered demographic characteristics, comor-
bidities, disease severity according to the CURB-65
scale, initial empirical antibiotic therapy, and the clini-
cal outcomes of in-hospital mortality, ICU admission,
hospital length of stay, and 30-day readmission. The
study report was structured following the STROBE
recommendations for observational studies (von Elm
et al., 2014). See Supplementary Table S2.

All medical records of patients older than 18 years,
of both sexes, who were hospitalized for at least 24
hours were included. Medical records were excluded
if key variables were incomplete or if more than one
infectious condition was recorded, as well as lym-
phoproliferative diseases, liver cirrhosis, corticosteroid
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therapy, or chemotherapy. During the study period,
the participating institution functioned as a COVID-19
care center. Therefore, patients with pneumonia man-
aged through COVID-19 care pathways or with a pos-
itive SARS-CoV-2 test were excluded to avoid includ-
ing viral pneumonia due to COVID-19 or viral-bacte-
rial coinfection that could have modified antibiotic in-
dication and clinical outcomes.

Data were obtained from medical records and cul-
ture reports from the institutional microbiology labor-
atory. The recorded variables included age, sex, micro-
biological culture results, type of treatment (empirical
or definitive), and clinical response to treatment.
Whether patients were categorized using the CURB-65
scale according to ATS/IDSA recommendations was
also recorded, as this is an important step for estimat-
ing mortality risk and selecting pharmacotherapy.

Microbiological studies were performed according
to routine clinical practice and institutional laboratory
protocols. Microbiological information was obtained
from reports available in the medical records and la-
boratory system, including respiratory sample cul-
tures, blood cultures, serological tests, and molecular
biology tests, according to availability and clinical
judgment. Etiological diagnosis was considered docu-
mented when there was an institutional microbiologi-
cal report compatible with the clinical presentation of
CAP, either through bacterial isolation in culture, sero-
logical detection, or identification by molecular meth-
ods. Bacterial identification and interpretation of anti-
microbial susceptibility profiles were performed ac-
cording to the Clinical and Laboratory Standards Insti-
tute (CLSI) criteria in force during the study period.
For atypical agents such as Legionella spp., Mycoplasma
pneumoniae, and Chlamydia pneumoniae, etiological
identification was obtained through serological tests or
molecular methods, according to institutional availa-
bility. In patients without a documented etiological
agent, treatment was considered empirical, and subse-
quent antibiotic regimen changes were described inde-
pendently. For the etiological analysis, each patient
was counted only once and assigned a single principal
etiological agent.

To assess antimicrobial therapy appropriateness,
two reviewers independently analyzed the first empir-
ical antibiotic regimen prescribed at hospital admis-
sion or within the first 24 hours of care. This assess-
ment was performed using the institutional guidelines
in force in 2021, which were based on ATS/IDSA rec-
ommendations for community-acquired pneumonia
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(Metlay et al., 2019). Only this initial therapy was con-
sidered in the main analysis; therefore, definitive ther-
apy and changes made after microbiological results
were described separately and did not modify the ini-
tial appropriateness classification.

Empirical treatment was classified as appropriate
when the selected antibiotic, antimicrobial spectrum,
route of administration, and dose were concordant
with the institutional CAP guideline and the patient’s
clinical condition, considering CURB-65 severity,
comorbidities, documented allergies, risk of resistant
microorganisms, and the local microbiological profile.

Treatment was classified as non-appropriate when
the regimen was not recommended, had insufficient
coverage, used an excessively broad spectrum without
documented justification, or did not consider relevant
clinical conditions. Total treatment duration was not
used to reclassify initial empirical appropriateness, be-
cause this classification was based on the first regimen
prescribed at admission; this aspect was considered
within the description of definitive therapy and subse-
quent changes.

The complete operational criteria used to classify
initial empirical antibiotic therapy as appropriate or
non-appropriate are provided in Supplementary Table
S1.

The institutional CAP guideline adopted in 2021,
derived from ATS/IDSA recommendations and
adapted to the local microbiological profile, was used
as the reference standard to classify the first empirical
antibiotic regimen as appropriate or non-appropriate.
This classification did not assume that all prescribed
regimens were guideline-concordant; rather, it al-
lowed identification of concordant and non-concord-
ant empirical treatments in routine clinical practice.
The institutional guideline in force in 2021 recom-
mended therapeutic classes and antimicrobial combi-
nations according to the different clinical scenarios ra-
ther than establishing a single mandatory drug. Selec-
tion of the specific agent within each class depended
on its availability in the institutional formulary, allergy
history, renal function, contraindications, and individ-
ual clinical judgment. Therefore, the appropriateness
of empirical treatment was assessed according to the
concordance of the prescribed regimen with the recom-
mended therapeutic class, antimicrobial spectrum, in-
dicated combination, dose, route of administration,
and the patient's clinical condition.

Inter-rater agreement for the assessment of empiri-
cal antibiotic appropriateness was estimated using Co-
hen's kappa coefficient before resolving disagreements
by consensus.
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The variables collected were in-hospital mortality,
hospital length of stay (days), ICU admission, age, sex,
comorbidities, severity according to the CURB-65
scale, etiological diagnosis, identified microorganisms
and antimicrobial susceptibility profile according to
CLSI criteria, and number and type(s) of therapy estab-
lished: empirical and/or definitive. All variables were
organized in a Microsoft Excel® database.

Clinical outcomes were defined before the analysis;
time zero was hospital admission for CAP, and the
main exposure was the first systemic empirical antibi-
otic regimen prescribed at admission or during the first
24 hours of care. In-hospital mortality included deaths
occurring during that hospitalization, whereas ICU ad-
mission included both direct admission to the inten-
sive care unit at presentation and transfer to the ICU
during the same hospitalization; for this reason, this
outcome was interpreted as the need for critical care
during the hospital episode and not necessarily as an
event occurring after completion of the 24-hour expo-
sure window. Hospital length of stay was calculated
from admission to discharge or in-hospital death, and
30-day readmission was defined as a new hospitaliza-
tion recorded at the participating institution within 30
days after discharge. Readmissions to other institu-
tions and deaths occurring after discharge outside the
participating hospital were not systematically cap-
tured.

Quantitative variables were expressed as means
and standard deviations (SD) or medians and inter-
quartile ranges (IQR), according to their distribution.
Qualitative variables were expressed as absolute fre-
quencies and percentages. For the initial comparison
between patients who received appropriate empirical
treatment and those who received non-appropriate
treatment, statistical tests were used according to the
type of variable. Quantitative variables were compared
using Student’s t test or the Mann-Whitney test, ac-
cording to their distribution, while categorical varia-
bles were analyzed using the chi-square test or Fisher’s
exact test, as appropriate.

For dichotomous outcomes, such as in-hospital
mortality, ICU admission, and 30-day readmission,
crude odds ratios (ORs) were calculated using simple
logistic regression, and adjusted ORs were calculated
using multivariable logistic regression. The adjusted
models included variables considered clinically rele-
vant and potentially related to treatment assignment or
the evaluated outcomes, including age, sex, heart dis-
ease, diabetes mellitus, chronic kidney disease, and
CAP severity according to CURB-65. Goodness of fit of
the logistic models was assessed using the Hosmer-
Lemeshow test (Hosmer et al., 2013).
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With confirmed etiological diagnosis
n =479 (61%)

Therapeutic classification in patients with confirmed
etiology: maintained empirical regimen as definitive
therapy, n =357 (74.5%); switched to a second definitive
therapy, n =122 (25.5%).

Medical records reviewed during 2021
n=15,700

Medical records excluded due to positive SARS-CoV-2 test or COVID-19 care pathway
n = 14,082 (89.7%)

Medical records excluded for other predefined eligibility criteria
n =833 (5.3%)

Patients included in the final analysis
n =785 (5.0%)

Figure 1. Flow diagram of medical record selection and therapeutic classification of patients.

Note. During 2021, the participating institution functioned as a COVID-19 care center. Therefore, records corresponding to patients managed through
COVID-19 care pathways or with positive SARS-CoV-2 testing were reported separately from other predefined exclusion criteria. Abbreviations: CAP:
community-acquired pneumonia; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Without etiological diagnosis
n =306 (39%)

Regimen modifications in patients without etiological
diagnosis: one regimen change, n = 86 (28%); two
regimen changes, n = 165 (54%); three regimen changes,
n =55 (18%).

Additionally, a propensity score was estimated to
calculate the probability of receiving appropriate em-
pirical antibiotic therapy. This analysis was performed
using logistic regression and included age, sex, heart
disease, diabetes mellitus, chronic kidney disease, and
severity categories according to CURB-65. Stabilized
inverse probability of treatment weights (IPTW) were
calculated using the marginal probability of receiving
appropriate empirical therapy in the numerator and
the estimated propensity score in the denominator.
Weight distribution and propensity score overlap were
examined to identify extreme values and evaluate
overlap between treatment groups. No a priori trim-
ming rule was applied; weight truncation was consid-
ered only if extreme values were identified. Covariate
balance before and after weighting was evaluated us-
ing standardized differences, considering an absolute
value below 0.10 as adequate, according to methodo-
logical recommendations for the use of IPTW in obser-
vational studies (Austin, 2011; Austin & Stuart, 2015).
After verifying balance, IPTW-weighted models were
estimated for in-hospital mortality, ICU admission,
and 30-day readmission using robust standard errors.
As a sensitivity analysis, the weighted models were re-
peated in patients with CURB-65 assessment available
and in the subgroup with CURB-65 =3.

Hospital length of stay was analyzed as a count var-
iable in days, avoiding dichotomization as the primary
outcome to prevent loss of clinical information. For this
outcome, an adjusted Poisson model was used, and in
the weighted analysis, an IPTW quasi-Poisson model
with robust standard errors was used, reporting mean
ratios with 95% confidence intervals.

Medical records with missing key variables for
therapeutic appropriateness classification or outcome
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assessment were excluded from the analysis. No data
imputation was performed because of the retrospec-
tive design of the study and the clinical nature of the
missing variables.

Ethical considerations

This retrospective study adhered to the ethical prin-
ciples outlined in the Belmont Report and the Declara-
tion of Helsinki, ensuring respect for participant dig-
nity, autonomy, rights, and confidentiality. In accord-
ance with Colombian regulations (Resolution No.
008430 of 1993), the study was classified as research
without risk, as it was based on the retrospective re-
view of medical records and institutional databases.
The study was approved by the Research Ethics Com-
mittee of the Faculty of Nursing of the University of
Cartagena, under Act No. 02 of December 15, 2025.
Data confidentiality was ensured through anonymiza-
tion, with no access to information that could identify
individual patients. The requirement for informed con-
sent was waived by the Research Ethics Committee be-
cause this was a retrospective study based on anony-
mized medical records and institutional databases,
with no direct patient intervention and no access to
identifiable personal information.

RESULTS

General characteristics of the study population

Of 15,700 medical records reviewed, 785 met the in-
clusion criteria, representing 5.0% of all evaluated rec-
ords. The medical record selection process is presented
in Fig. 1. Because the institution functioned as a
COVID-19 care center during 2021, a substantial pro-
portion of records corresponded to patients with a
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positive SARS-CoV-2 test or managed through institu-
tional COVID-19 care pathways and were therefore ex-
cluded from the non-COVID-19 CAP cohort.

The mean age of the final cohort was 66.0 + 19.0
years, and 424 patients were male (54.0%). After re-au-
diting the original dataset, 220 patients (28.0%) were
confirmed to be aged =65 years, whereas 565 (72.0%)
were younger than 65 years. The preliminary congress
abstract inadvertently inverted these percentages. Pa-
tients aged 65-74 years were present among the rec-
ords initially reviewed; however, none remained after
application of the predefined eligibility criteria. Of the
3,894 records in this category, 3,757 were excluded be-
cause of SARS-CoV-2 positivity or management
through a COVID-19 care pathway, and the remaining
137 met other exclusion criteria. Therefore, the zero

Antimicrobial treatment appropriateness in CAP

count reflects the actual composition of the final cohort
rather than missing data or post hoc modification of
the age categories. The complete age distribution and

exclusions are presented in Table 1 and Supplementary
Table S3.

No statistically significant differences were ob-
served in mean age or in the proportion of patients
aged 265 years between the appropriate and non-ap-
propriate empirical treatment groups. Male sex was
more frequent in the appropriate treatment group, as
was the proportion of patients with CURB-65 23, alt-
hough the latter did not reach statistical significance.
Table 2 shows the distribution of demographic and
clinical characteristics according to empirical antibiotic
treatment appropriateness.

Table 1. Age distribution of the final analytic cohort after re-auditing the original dataset (N = 785).

Age category n %
18-44 years 82 10.4
45-64 years 483 61.5
65-74 years 0 0.0
75-84 years 5 0.6
285 years 215 27.4
Total 785 100.0

Note. Patients younger than 65 years represented 565/785 cases (72.0%), whereas patients aged =65 years represented 220/785 cases (28.0%). The

congress abstract inadvertently inverted these two percentages.

Table 2. Baseline characteristics according to the appropriateness of empirical antibiotic treatment in patients with community-

acquired pneumonia (N = 785).

Appropriate

Non-appropriate

Variable Total (n=526) (n=259) p-value
Age (years), mean + SD 66.0+19.0 65.4+19.7 67.2+17.5 0.193
=65 years, n (%) 220 (28.0) 146 (27.8) 74 (28.6) 0.811
Male sex, n (%) 424 (54.0) 299 (56.8) 125 (48.3) 0.023
Heart disease, n (%) 16 (2.0) 10(1.9) 6(2.3) 0.699
Diabetes mellitus,n (%) 63 (8.0) 49 (9.3) 14 (5.4) 0.058
Chronic kidney disease, 9(1.1) 7(1.3) 2(0.8) 0.725*
n (%)

CURB-65 =3 (highrisk), 299 (38.1) 211 (40.1) 88 (34.0) 0.096

n (%)

SD: standard deviation. Tests: Student’s t-test or Mann-Whitney test according to normality; chi-square test or Fisher’s exact test for categorical

variables. Source: Authors’ own elaboration.

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(5): 5


https://jppres.com/

Uribe Merlano et al.

Antimicrobial treatment appropriateness in CAP

Table 3. Distribution of documented etiological agents and available antimicrobial susceptibility profiles in patients with con-

firmed etiology (n =479).

Microorganism n (%) Susceptibility (%) Specific resistance
Streptococcus pneumoniae 225 (47.0) 97.0 3.0% to penicillin
Haemophilus influenzae 86 (18.0) 97.9 2.1% to ampicillin
Staphylococcus aureus 62 (13.0) 98.7 1.3% MRSA

Other atypical agents 106 (22.0) NR NR

NR: not reported. For atypical agents documented by serology or molecular biology (Legionella spp., Mycoplasma pneumoniae, and Chlamydia
pneumoniae), no conventional antimicrobial susceptibility profile was available. MRSA: methicillin-resistant Staphylococcus aureus. Source:

Authors' own elaboration.

Table 4. Distribution of empirical and definitive antimicrobial therapies according to treatment appropriateness.

Type of therapy n/N (%) Appropriate Non-appropriate
Empirical (all patients, N =785) 785 (100) 526 (67.0) 259 (33.0)

Definitive 479 (100) 357 (74.5)* maintained empirical 122 (25.5)* switched to
(only patients with confirmed etiology, n = 479) regimen a second therapy
Number of regimen changes

(patients without etiology, n = 306)

+1change 86 (28.1) - -

2 changes 165 (53.9) — —

+3changes 55 (18.0) — —

Note. Therapeutic appropriateness was evaluated based on the first empirical antibiotic regimen prescribed within the first 24 hours. Definitive therapy
and subsequent changes are described independently and did not modify the initial appropriateness classification.

Microbiological findings

Among patients with a documented etiological di-
agnosis (n = 479), the most frequently recorded agents
were Streptococcus pneumoniae, Haemophilus influenzae,
and Staphylococcus aureus. For bacterial microorgan-
isms identified by culture and with an available antibi-
ogram, the antimicrobial susceptibility profile was de-
scribed. The category of other agents included atypical
microorganisms documented by serology or molecular
biology, such as Legionella spp., Mycoplasma pneu-
moniae, and Chlamydia pneumoniae; therefore, conven-
tional antimicrobial susceptibility was not reported for
this group. The distribution of documented etiological
agents and the available susceptibility profile are pre-
sented in Table 3. After reviewing the microbiological
records, it was confirmed that, among the 479 patients
with a documented etiology, 373 had bacterial agents
identified by culture, whereas 106 had atypical agents
documented by serological or molecular methods. For
the descriptive analysis, each patient was classified ac-
cording to a single principal etiological agent.

Antibiotic therapies and regimen modifications

A total of 67% of patients received an appropriate
empirical antibiotic regimen. Not all patients had an
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etiological diagnosis; however, among those with con-
firmed etiology, 74.5% maintained the initial treatment
and 25.5% required adjustment to a second definitive
therapy. Among patients without documented micro-
biological diagnosis, multiple antibiotic regimen mod-
ifications were recorded during hospitalization. The
distribution of antimicrobial therapies and regimen
modifications is presented in Table 4.

The two independent reviewers agreed in 737 of
785 initial assessments, corresponding to an observed
agreement of 93.9%. Cohen's kappa coefficient was
0.87. The 48 discrepant cases were resolved by consen-
sus, resulting in the final classification of 526 appropri-
ate and 259 non-appropriate empirical antibiotic regi-
mens.

Clinical outcomes

Clinical outcomes differed significantly between
patients who received appropriate and non-appropri-
ate empirical antibiotic therapy. Patients receiving ap-
propriate treatment had lower proportions of in-hospi-
tal mortality, ICU admission, and 30-day readmission,
as well as a lower median hospital length of stay, com-
pared with the group with non-appropriate treatment.
These results are presented in Table 5.
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Table 5. Clinical outcomes associated with empirical antibiotic appropriateness (N = 785).

. Total Appropriate n (%) Non-appropriate
Clinical outcome p-value
n (%) (n=526) n (%) (n=259)
In-hospital mortality 88(11.2) 47 (8.9) 41 (15.8) 0.006
ICU admission 138(17.6) 68 (12.9) 70 (27.0) <0.001
Hospital length of stay (days), median (IQR) 10 (8-11) 9(8-11) 10 (8-15) <0.001
30-day readmission 78(9.9) 34 (6.5) 44 (17.0) <0.001

IQR: interquartile range.

Table 6. Association between empirical antibiotic treatment appropriateness and dichotomous clinical outcomes: crude, adjusted,

and IPTW analyses.

Outcome Crude OR (95% Cl; p)

Adjusted OR (95% Cl; p) IPTW OR (95% Cl; p)

In-hospital mortality 0.52 (0.33-0.82); p=0.004

ICU admission 0.40 (0.28-0.58); p <0.001

30-day readmission 0.34 (0.21-0.54); p<0.001

0.53(0.34-0.84); p = 0.006 0.55 (0.35-0.87); p=0.010

0.37(0.25-0.55); p <0.001 0.37(0.26-0.55); p < 0.001

0.32(0.19-0.51); p<0.001 0.33(0.20-0.53); p<0.001

Table 7. Association between empirical antibiotic treatment appropriateness and hospital length of stay in days.

Outcome Model Measure Estimate 95% ClI p-value
Hospital length of stay in days Adjusted Poisson Mean ratio 0.82 0.78-0.86 <0.001
Hospital length of stay in days IPTW quasi-Poisson ~ Mean ratio 0.82 0.79-0.85 <0.001
Table 8. Covariate balance before and after IPTW.

Variable Diff.Un Diff.Adj Interpretation
Propensity score 0.3052 0.0036 Balanced

Age -0.0969 0.0003 Balanced

Male sex 0.0858 0.0040 Balanced

Heart disease -0.0042 0.0008 Balanced
Diabetes 0.0391 0.0029 Balanced

CKD 0.0056 -0.0006 Balanced
CURB-65 23 0.0614 -0.0007 Balanced
CURB-650-1 0.0071 0.0009 Balanced
CURB-65 2 0.0218 -0.0016 Balanced
CURB-65 not assessed -0.0903 0.0014 Balanced

In the logistic regression models, empirical antibi-
otic treatment appropriateness remained associated
with lower in-hospital mortality, ICU admission, and
30-day readmission in both the conventional adjusted
and IPTW-weighted analyses (Table 6). The direction
and magnitude of the associations were similar across
the crude, multivariable, and weighted models. Hospi-
tal length of stay was analyzed separately as a count
variable; both adjusted and IPTW models yielded a
mean ratio of 0.82, indicating a lower estimated mean
number of hospital days in the appropriate-treatment
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group (Table 7). After weighting, absolute standard-
ized differences were below 0.10 for all measured co-
variates, indicating adequate balance (Table 8). Pro-
pensity score distributions showed adequate overlap
between the appropriate and non-appropriate empiri-
cal treatment groups. Among patients receiving non-
appropriate empirical therapy, the propensity score
ranged from 0.523 to 0.830, with a median of 0.662;
among patients receiving appropriate therapy, it
ranged from 0.550 to 0.855, with a median of 0.662. Sta-
bilized IPTW ranged from 0.69 to 1.94, with the 1st and
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99th percentiles at 0.74 and 1.44, respectively. Because
no extreme Weights were observed, no truncation was
applied, and robust standard errors were used. Sensi-
tivity analyses restricted to patients with CURB-65 as-
sessment and to those with CURB-65 >3 produced es-
timates in the same direction as the main analysis, alt-
hough the association with in-hospital mortality was
no longer statistically significant. Detailed IPTW diag-
nostics and sensitivity analyses are presented in Sup-
plementary Table S4.

DISCUSSION

In this study, the appropriateness of initial empiri-
cal antibiotic therapy was associated with more favor-
able clinical outcomes in adults hospitalized with CAP.
This association remained after multivariable adjust-
ment and IPTW analysis, suggesting that the initial se-
lection of the antimicrobial regimen may represent an
important marker of guideline-concordant care. How-
ever, because this was a retrospective observational
study, these results should be interpreted as associa-
tions adjusted for the available clinical variables and
not as definitive causal evidence.

Current CAP guidelines recommend selecting ini-
tial empirical therapy according to disease severity,
comorbidities, risk factors for resistant microorgan-
isms, and the local epidemiological profile (Metlay et
al.,, 2019). Treatment appropriateness therefore in-
volves more than administering an antibiotic; it re-
quires selecting a regimen suited to the patient’s clini-
cal condition, including the appropriate spectrum,
dose, route, and timing. Previous studies and reviews
have similarly emphasized early severity assessment,
adherence to clinical recommendations, and optimiza-
tion of initial management in hospitalized patients
with CAP (Aliberti et al., 2021; Rossio et al., 2015; Sa-
kamoto et al., 2017; Tomczyk et al., 2017; Vaughn et al.,
2024).

The interpretation of these findings should consider
the possibility of confounding by indication. In clinical
practice, patients with greater severity or a higher risk
of complications may receive a more detailed assess-
ment and antibiotic regimens more closely aligned
with guidelines. This could influence both treatment
classification and the outcomes evaluated. To reduce
this bias, multivariable models and IPTW analysis
were used in this study, achieving adequate balance of
the measured covariates. Nevertheless, this method
can only control for available variables and does not
rule out residual confounding due to factors not rec-
orded in the medical records, such as time to first anti-
biotic dose or prior antibiotic exposure.

The microbiological findings were generally con-

sistent with the expected etiology of CAP in
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hospitalized adults. The most frequently documented
agents were Streptococcus pneumoniae, Haemophilus in-
fluenzae, and Staphylococcus aureus. Pneumococcus re-
mains a relevant pathogen in this setting, although eti-
ological identification varies according to test availa-
bility, sample quality, and previous antibiotic expo-
sure (Aliberti et al., 2021; Gadsby & Musher, 2022;
Musher & Thorner, 2014). Microbiological data al-
lowed susceptibility profiles to be described in patients
with bacterial isolation and distinguished cases with
documented etiology from those without microbiolog-
ical confirmation. The absence of microbiological con-
firmation in a substantial proportion of patients is com-
mon in routine CAP care and limits the evaluation of
definitive therapy and de-escalation. The reported eti-
ological rate included both bacterial agents identified
by culture and atypical agents documented by serolog-
ical or molecular methods, requested according to in-
stitutional availability and clinical judgment.

In patients without microbiological confirmation,
the classification of appropriateness depended mainly
on the concordance of the initial empirical regimen
with institutional guidelines, clinical severity, and the
local microbiological profile. This distinction is im-
portant because, in culture-negative CAP, therapeutic
decisions should rely on clinical, epidemiological, and
risk-based criteria rather than on the identification of a
specific microorganism. Recent studies have shown
that the limitations of conventional microbiological
methods hinder etiological identification and that new
approaches, such as clinical metagenomics, may in-
crease pathogen detection and support therapeutic de-
cision-making in patients with CAP (Gadsby &
Musher, 2022; Xie et al., 2021). For this reason, results
in patients without etiological diagnosis should be in-
terpreted in light of the diagnostic uncertainty inherent
to routine clinical practice.

These findings also have implications for antimicro-
bial stewardship. Two complementary priorities are
the appropriate selection of the initial empirical regi-
men and timely reassessment during hospitalization.
The quality of antimicrobial prescribing depends on
the drug, dose, route, duration, and reassessment at
48-72 hours, supported by clinical evolution, microbi-
ological results, and the local susceptibility profile
(Barlam et al., 2016; Schuts et al., 2016; Tamma et al.,
2019; Viasus et al., 2017). Appropriateness should not
be interpreted as indiscriminate expansion of cover-
age, but as a balance between treating likely pathogens
and avoiding unnecessary broad-spectrum therapy.
This approach may facilitate de-escalation, reduce both
undertreatment and overtreatment, and limit selective
pressure for resistance. These components are particu-
larly important in settings where microbiological tests
are not requested systematically.
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This study should be interpreted considering sev-
eral limitations. First, its retrospective and single-cen-
ter design reduces the ability to establish causal rela-
tionships and may restrict the generalizability of the
findings to other settings. The age distribution of the
final analytic cohort also differs from that usually ex-
pected in conventional hospitalized CAP cohorts. This
should be interpreted in the context of 2021, when the
participating institution functioned as a COVID-19
care center and SARS-CoV-2-positive patients or those
managed through COVID-19 pathways were excluded
from the non-COVID-19 CAP cohort. In addition, alt-
hough atypical agents were documented by serology
or molecular biology, the retrospective design limited
standardization of sample collection timing and uni-
form availability of microbiological tests in all patients.
Furthermore, tests were requested according to routine
prescriber practice and not through a systematic pro-
tocol, which limited evaluation of definitive therapy
and de-escalation processes.

Outcome ascertainment was based on institutional
records; therefore, readmissions to other hospitals and
deaths occurring after discharge outside the participat-
ing institution may not have been captured. In addi-
tion, ICU admission should be interpreted with cau-
tion, as it could occur at presentation or during the
early hospitalization period, overlapping with the 24-
hour window used to classify empirical therapy.

Because in-hospital death may shorten the ob-
served length of stay, hospital stay should be inter-
preted as a descriptive and model-based outcome ra-
ther than as a direct time-to-discharge endpoint. Com-
peting-risk or time-to-discharge analyses were not per-
formed because detailed time-to-event data were not
available.

Antimicrobial treatment appropriateness in CAP

might be perceived as a possible conflict of interest or that
could have influenced the outcomes or interpretation of the
study.

PRIOR DISSEMINATION

A preliminary version of some results of this study was
previously presented as a congress abstract in Universitas
Scientiarum during the XIII Congreso Nacional de Ciencias
Farmacéuticas (Uribe Merlano et al., 2025). The present man-
uscript reports the complete analysis and includes expanded
methods, multivariable and IPTW analyses, covariate bal-
ance assessment, a broader discussion, and an expanded de-
scription of limitations. The previously published abstract in-
advertently inverted the percentages of patients aged <65
and 265 years; the corrected distribution is reported in the
present manuscript.

ACKNOWLEDGMENTS

The authors thank the healthcare and microbiology labor-
atory staff of the participating institution for their collabora-
tion in data collection. This research did not receive any spe-
cific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

GENERATIVE ARTIFICIAL INTELLIGENCE (AI)

The authors used ChatGPT (OpenAl) to improve the lan-
guage quality and readability of the manuscript. All scientific
content, data analysis, interpretation of results, and conclu-
sions were performed by the authors, who reviewed and ed-
ited the final text and take full responsibility for its accuracy,
integrity, and originality. No images were generated or ma-
nipulated using artificial intelligence tools.

REFERENCES

CONCLUSION

Appropriate empirical antibiotic therapy was sta-
tistically associated with more favorable clinical out-
comes in patients hospitalized with community-ac-
quired pneumonia, including lower in-hospital mor-
tality, lower ICU admission, shorter hospital length of
stay, and lower 30-day readmission. These findings are
consistent with the need to strengthen systematic se-
verity assessment, guideline adherence, and early
treatment reassessment as central elements for opti-
mizing antimicrobial use in the hospital setting. Be-
cause of the retrospective design of the study, the re-
sults should be interpreted as associations and require
validation in prospective or multicenter studies.

CONFLICT OF INTEREST

The research was conducted entirely free from any in-
volvement in commercial, financial, or personal matters that

https://jppres.com

Aliberti S, Dela Cruz CS, Amati F, Sotgiu G, Restrepo MI (2021)
Community-acquired pneumonia. Lancet 398(10303): 906-919.
https://doi.org/10.1016/50140-6736(21)00630-9

Al-Tawfiq JA, Momattin H, Hinedi K (2019) Empiric antibiotic
therapy in the treatment of community-acquired pneumonia in
a general hospital in Saudi Arabia. ] Glob Infect Dis 11(2): 69-
72. https:/ /doi.org/10.4103/jgid.jgid 84 18

Austin PC (2011) An introduction to propensity score methods for
reducing the effects of confounding in observational studies.
Multivariate Behav Res 46(3): 399-424.
https://doi.org/10.1080/00273171.2011.568786

Austin PC, Stuart EA (2015) Moving towards best practice when
using inverse probability of treatment weighting using the
propensity score to estimate causal treatment effects in
observational studies. Stat Med 34(28): 3661-3679.
https:/ /doi.org/10.1002/sim.6607

Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schuetz AN,
Septimus EJ, Srinivasan A, Dellit TH, Falck-Ytter YT, Fishman
NO, Hamilton CW, Jenkins TC, Lipsett PA, Malani PN, May LS,
Moran GJ, Neuhauser MM, Newland ]G, Ohl CA, Samore MH,
Seo SK, Trivedi KK (2016) Implementing an antibiotic
stewardship program: Guidelines by the Infectious Diseases
Society of America and the Society for Healthcare
Epidemiology of America. Clin Infect Dis 62(10): e51-e77.
https:/ /doi.org/10.1093 /cid /ciw118

J Pharm Pharmacogn Res (2026) 14(5): 9


https://jppres.com/
https://doi.org/10.1016/S0140-6736(21)00630-9
https://doi.org/10.4103/jgid.jgid_84_18
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1002/sim.6607
https://doi.org/10.1093/cid/ciw118

Uribe Merlano et al.

Ferreira-Coimbra J, Sarda C, Rello ] (2020) Burden of community-
acquired pneumonia and unmet clinical needs. Adv Ther 37(4):
1302-1318. https:/ /doi.org/10.1007/s12325-020-01248-7

Gadsby NJ, Musher DM (2022) The microbial etiology of
community-acquired pneumonia in adults. Clin Microbiol Rev
35(4): e00015-22. https:/ /doi.org/10.1128 /cmr.00015-22

Hosmer DW, Lemeshow S, Sturdivant RX (2013) Applied Logistic
Regression. 3rd ed. Hoboken, NJ: Wiley.
https:/ /doi.org/10.1002 /9781118548387

Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K,
Cooley LA, Dean NC, Fine M]J, Flanders SA, Griffin MR,
Metersky ML, Musher DM, Restrepo MI, Whitney CG (2019)
Diagnosis and treatment of adults with community-acquired
pneumonia: An official clinical practice guideline of the
American Thoracic Society and Infectious Diseases Society of
America. Am ] Respir Crit Care Med 200(7): e45-e67.
https:/ /doi.org/10.1164/1rccm.201908-1581ST

Musher DM, Thorner AR (2014) Community-acquired pneumonia.
N Engl J Med 371(17): 1619-1628.
https:/ /doi.org/10.1056 /NE]Mral1312885

Oliveira e Silva PG, Cerqueira Batista Filho LA, Pérez Flores I, Vilins
e Silva V, Toledo Maciel A, Seraphim Medeiros L (2023)
Community-acquired pneumonia: Epidemiology, diagnosis,
prognostic severity scales, and new therapeutic options.
Medwave 23(11): €2719.
https:/ /doi.org/10.5867 /medwave.2023.11.2719

Rossio R, Franchi C, Ardoino I, Djade CD, Tettamanti M, Pasina L,
Salerno F, Marengoni A, Corrao S, Marcucci M, Peyvandi F,
Biganzoli EM, Nobili A, Mannucci PM; REPOSI Investigators
(2015) Adherence to antibiotic treatment guidelines and
outcomes in the hospitalized elderly with different types of
pneumonia. Eur ] Intern Med 26(5): 330-337.
https:/ /doi.org/10.1016 /j.ejim.2015.04.002

Sakamoto Y, Yamauchi Y, Yasunaga H, Takeshima H, Hasegawa W,
Jo T, Matsui H, Fushimi K, Nagase T (2017) Guidelines-
concordant empiric antimicrobial therapy and mortality in
patients with severe community-acquired pneumonia
requiring mechanical ventilation. Respir Investig 55(1): 39-44.
https:/ /doi.org/10.1016 /j.resinv.2016.08.006

Antimicrobial treatment appropriateness in CAP

Schuts EC, Hulscher MEJL, Mouton JW, Verduin CM, Stuart JWTC,
Overdiek HWPM, van der Linden PD, Natsch S, Hertogh
CMPM, Wolfs TEW, Schouten JA, Kullberg BJ, Prins JM (2016)
Current evidence on hospital antimicrobial stewardship
objectives: A systematic review and meta-analysis. Lancet
Infect Dis 16(7): 847-856. https://doi.org/10.1016/S51473-
3099(16)00065-7

Tamma PD, Miller MA, Cosgrove SE (2019) Rethinking how
antibiotics are prescribed: Incorporating the 4 moments of
antibiotic decision making into clinical practice. JAMA 321(2):
139-140. https:/ /doi.org/10.1001/jama.2018.19509

Tomczyk S, Jain S, Bramley AM, Self WH, Anderson EJ, Trabue C,
Courtney DM, Grijalva CG, Waterer GW, Edwards KM,
Wunderink RG, Hicks LA (2017) Antibiotic prescribing for
adults hospitalized in the Etiology of Pneumonia in the
Community Study. Open Forum Infect Dis 4(3): ofx088.
https://doi.org/10.1093 /ofid / 0fx088

Uribe Merlano S, Alvis Guzméan N, Alviz Amador A, Caraballo
Marimén R, Yepes Terril A (2025) Pertinence of antimicrobial
prescriptions in the management of community-acquired
pneumonia in Cartagena, Colombia, 2021. Universitas
Scientiarum 30(Suppl): 523.
https://doi.org/10.11144 /Javeriana.SCSI30.poap

Vaughn VM, Dickson RP, Horowitz JK, Flanders SA (2024)
Community-acquired pneumonia: A review. JAMA 332(15):
1282-1295. https:/ /doi.org/10.1001 /jama.2024.14796

Viasus D, Vecino-Moreno M, De La Hoz JM, Carratala J (2017)
Antibiotic stewardship in community-acquired pneumonia.
Expert Rev  Anti Infect Ther 15(4):  351-359.
https://doi.org/10.1080/14787210.2017.1274232

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP; STROBE Initiative (2014) The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting observational
studies. Int J Surg 12(12): 1495-1499.
https:/ /doi.org/10.1016/}.ijsu.2014.07.013

Xie F, Duan Z, Zeng W, Xie S, Xie M, Fu H, Ye Q, Xu T, Xie L (2021)
Clinical metagenomics assessments improve diagnosis and

outcomes in community-acquired pneumonia. BMC Infect Dis
21: 352. https:/ /doi.org/10.1186/512879-021-06039-1

AUTHOR CONTRIBUTION:

Contribution

Uribe Merlano SL

Concepts or ideas

Design

Definition of intellectual content
Literature search

Experimental studies

Data acquisition

Data analysis

Statistical analysis

Manuscript preparation
Manuscript editing

Manuscript review

Alvis Guzman NR Alviz Amador AA
X X
X X
X X
X
X X
X X
X X
X X
X X
X X

Citation Format: Uribe Merlano SL, Alvis Guzman NR, Alviz Amador AA (2026) Antimicrobial treatment appropriateness and clinical outcomes in
adults hospitalized with community-acquired pneumonia in Cartagena, 2021. J Pharm Pharmacogn Res 15(5): 2801.

https://doi.org/10.56499/jppres 14.5.2801

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(5): 10



https://jppres.com/
https://doi.org/10.1007/s12325-020-01248-7
https://doi.org/10.1128/cmr.00015-22
https://doi.org/10.1002/9781118548387
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1056/NEJMra1312885
https://doi.org/10.5867/medwave.2023.11.2719
https://doi.org/10.1016/j.ejim.2015.04.002
https://doi.org/10.1016/j.resinv.2016.08.006
https://doi.org/10.1016/S1473-3099(16)00065-7
https://doi.org/10.1016/S1473-3099(16)00065-7
https://doi.org/10.1001/jama.2018.19509
https://doi.org/10.1093/ofid/ofx088
https://doi.org/10.11144/Javeriana.SCSI30.poap
https://doi.org/10.1001/jama.2024.14796
https://doi.org/10.1080/14787210.2017.1274232
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1186/s12879-021-06039-1
https://doi.org/10.56499/jppres_14.5.2801

Uribe Merlano et al. Antimicrobial treatment appropriateness in CAP

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

https://jppres.com J Pharm Pharmacogn Res (2026) 14(5): 11



https://jppres.com/

Uribe Merlano et al.

Supplementary data
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Table S1. Reference criteria based on the institutional CAP guideline adopted in 2021, derived from ATS/IDSA recommendations, for classifying initial
empirical antibiotic therapy as appropriate or non-appropriate.

Clinical scenario or criterion
evaluated during the first 24 h

Appropriate empirical therapy/classification

Non-appropriate empirical therapy/classification

Reference standard and timing of
assessment

The first systemic empirical antibiotic regimen pre-
scribed at hospital admission or within the first 24
hours was compared with the institutional CAP guide-
line adopted in 2021, derived from ATS/IDSA recom-
mendations and adapted to the local microbiological
profile.

Classification based on subsequent definitive therapy,
de-escalation, or microbiological information obtained
after the first 24 hours.

Hospitalized non-severe CAP with-
out documented risk factors for
MRSA or Pseudomonas aeruginosa

Guideline-concordant empirical therapy, such as beta-
lactam plus macrolide or respiratory fluoroquinolone
monotherapy, according to patient characteristics,
contraindications, and the local microbiological pro-
file.

Insufficient empirical coverage, beta-lactam mono-
therapy without documented justification when atypi-
cal coverage was required, or use of anti-MRSA or an-
tipseudomonal therapy without documented risk fac-
tors or clinical justification.

Severe CAP or ICU requirement
without documented risk factors
for MRSA or Pseudomonas aeru-
ginosa

Combination therapy concordant with the institutional
guideline, such as beta-lactam plus macrolide or beta-
lactam plus respiratory fluoroquinolone, considering
severity, route of administration, contraindications,
and clinical status.

Incomplete empirical coverage for severe CAP, absence
of recommended combination therapy when clinically
indicated, inappropriate route of administration, or un-
necessarily broad-spectrum therapy without justifica-
tion.

Documented risk factors for MRSA

Addition of anti-MRSA coverage, such as vancomycin or
linezolid, when supported by previous microbiological
history, documented risk factors, local epidemiology,
or explicit clinical justification.

Omission of anti-MRSA coverage despite documented
risk factors, or use of anti-MRSA therapy without previ-
ous isolation, risk factors, microbiological support, or
clinical justification.

Documented risk factors for Pseu-
domonas aeruginosa

Use of an antipseudomonal beta-lactam regimen when
supported by previous isolation, documented risk fac-
tors, recent relevant healthcare exposure, local epide-
miology, or explicit clinical justification.

Omission of antipseudomonal coverage despite docu-
mented risk factors, or use of antipseudomonal ther-
apy without risk factors, microbiological support, or
clinical justification.

Documented allergy or contraindi-
cation to recommended agents

Use of an alternative regimen consistent with the type
and severity of the documented allergy or contraindi-
cation, while maintaining adequate empirical coverage
for CAP pathogens.

Use of a contraindicated antibiotic despite docu-
mented allergy or contraindication, absence of an ap-
propriate alternative, or selection of an alternative reg-
imen with insufficient CAP coverage.

Dose, route of administration, and
renal adjustment

Dose and route concordant with clinical severity, oral
tolerance, hemodynamic status, inpatient manage-
ment needs, and renal function when adjustment was
required.

Dose lower or higher than recommended, failure to ad-
just the dose in documented renal impairment, oral
therapy when parenteral therapy was required, or par-
enteral therapy without clinical justification.

Local microbiological profile and
antimicrobial spectrum

Regimen compatible with expected CAP pathogens
and the local microbiological and susceptibility profile
available during the study period.

Regimen discordant with the local microbiological pro-
file when a recommended and available alternative ex-
isted, insufficient coverage for expected pathogens, or
unnecessarily broad-spectrum coverage without docu-
mented indication.

Excessively broad-spectrum em-
pirical therapy

Broad-spectrum coverage considered appropriate only
when supported by disease severity, documented risk
factors for resistant microorganisms, previous microbi-
ological information, recent relevant healthcare expo-
sure, or explicit clinical justification.

Carbapenems, antipseudomonal beta-lactams, anti-
MRSA agents, or multiple broad-spectrum combina-
tions used without documented indication, risk fac-
tors, microbiological support, or clinical justification.

Definitive therapy, de-escalation,
or later treatment changes

Definitive therapy, de-escalation, and subsequent
modifications were described separately and did not
modify the initial empirical appropriateness classifica-
tion.

Retrospective reclassification of initial empirical ap-
propriateness using microbiological results or treat-
ment changes that occurred after the first 24 hours.

Note. CAP: community-acquired pneumonia; ICU: intensive care unit; MRSA: methicillin-resistant Staphylococcus aureus; ATS/IDSA: American Thoracic Society/Infectious Diseases
Society of America. The institutional CAP guideline adopted in 2021 was used as the reference standard for classifying the first empirical regimen prescribed at admission or within
the first 24 hours of care. Definitive therapy, de-escalation, and subsequent antibiotic changes after microbiological results became available were described separately and did
not modify the primary exposure classification. The guideline defined recommended therapeutic classes and antimicrobial combinations according to the clinical scenario and
did not require selection of a single antimicrobial agent. Appropriateness was assessed considering therapeutic class, antimicrobial spectrum, combination, dose, route of admin-
istration, renal function, allergy history, contraindications, and risk factors for resistant microorganisms.
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Table S2. STROBE Statement—Checklist for cohort studies.

Item Recommendation Description Reported in revised manuscript
1 Title and abstract Indicate the study design and provide anin- | Page 1.
formative summary.
2 Background/rationale Explain the scientific background and ra- | Page2.
tionale.
3 Objectives State specific objectives. Pages 1-2.
4 Study design Present key elements of study design early. | Page2.
5 Setting Describe setting, locations, and relevant | Page2.
dates.
6 Participants Give eligibility criteria and selection meth- | Page 2; Fig. 1.
ods.
7 Variables Clearly define outcomes, exposures, predic- | Pages 2-3.
tors, confounders, and effect modifiers.
8 Data sources/measurement Give sources of data and details of assess- | Pages 2-3.
ment.
9 Bias Describe efforts to address potential | Page 9; Discussion.
sources of bias.
10 Study size Explain how the study size was arrived at. Pages 4-5.
11 Quantitative variables Explain how quantitative variables were | Pages3-4.
handled.
12 Statistical methods Describe statistical methods, confounding | Page 3-4;.
control, missing data, and sensitivity meth-
ods.
13 Participants Report numbers at each stage and reasons | Pages4-5.
for non-participation/exclusion.
14 Descriptive data Give characteristics of participants and | Page5.
missing data.
15 Outcome data Report numbers of outcome events or sum- | Pages 6-7, Table 5 (p. 7).
mary measures.
16 Main results Give unadjusted and adjusted estimates | Page7.
with precision.
17 Other analyses Report other analyses performed. Pages 7-8, Table 8 (p. 7) and Table S4
(p. 14).
18 Key results Summarize key results with referencetoob- | Page 8.
jectives.
19 Limitations Discuss limitations, sources of bias, and im- | Pages 8-9.
precision.
20 Interpretation Give cautious interpretation of results. Pages 8-9.
21 Generalisability Discuss external validity. Page 9.
22 Funding Give source of funding and role of funders. Page 9.
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Table S3. Age distribution of reviewed records, COVID-19-related exclusions, other exclusions, and final included cohort.

Age category Records reviewed Excluded due to SARS- | Excluded for other rea- | Finalincluded cohort
CoV-2/COVID-19 pathway | sons

18-44 years 2,317 1,964 271 82

45-64 years 4,286 3,694 109 483

65-74 years 3,894 3,757 137 0

75-84 years 2,711 2,460 246 5

=85 years 2,492 2,207 70 215

Total 15,700 14,082 833 785

Table S4. Propensity score distribution, stabilized IPTW diagnostics, and sensitivity analyses.

Panel A. Propensity score distribution by treatment group

Treatment group n Minimum Median Maximum
Non-appropriate empirical therapy 259 0.523 0.662 0.830
Appropriate empirical therapy 526 0.550 0.662 0.855

Panel B. Stabilized IPTW distribution

Statistic Stabilized IPTW
Minimum 0.69
1st percentile 0.74
5th percentile 0.79
Median 0.98
95th percentile 1.21
99th percentile 1.44
Maximum 1.94

Panel C. Sensitivity analyses by CURB-65

Analysis population Outcome Measure Estimate (95% CI) p-value
CURB-65 assessment available (N = 393) In-hospital mortality OR 0.69 (0.33-1.42) 0.315
CURB-65 assessment available (N =393) ICU admission OR 0.34(0.21-0.57) <0.001
CURB-65 assessment available (N = 393) 30-day readmission OR 0.30 (0.16-0.56) <0.001
CURB-65 assessment available (N = 393) Hospital length of stay Mean ratio 0.85 (0.81-0.90) <0.001
CURB-65 >=3 (N = 299) In-hospital mortality OR 0.53 (0.24-1.17) 0.117
CURB-65>=3 (N =299) ICU admission OR 0.41 (0.23-0.73) 0.003
CURB-65>=3 (N =299) 30-day readmission OR 0.29 (0.14-0.59) <0.001
CURB-65>=3 (N =299) Hospital length of stay Mean ratio 0.84 (0.78-0.89) <0.001

Note. IPTW: inverse probability of treatment weighting; OR: odds ratio; CI: confidence interval; ICU: intensive care unit. Stabilized IPTW were used in the main weighted models.
No weight truncation was applied because no extreme weights were observed.
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