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ABSTRACT

Excessive empirical antibiotic prescribing during the COVID-19
pandemic raised concerns regarding antimicrobial resistance,
particularly in hospitals with limited microbiological diagnostic
capacity. This study aimed to describe empirical antibiotic
prescribing patterns, evaluate the rationality of antibiotic use, and
examine its association with length of hospital stay among patients
with severe-to-critical COVID-19 at a private secondary-care
hospital in Batam City, Indonesia. A retrospective observational
study was conducted using the medical records of 120 patients
admitted between April and June 2022. Antibiotic rationality was
evaluated according to drug selection, dose, route of
administration, dosing interval, and treatment duration using the
local Hospital Antibiotic Use Guideline, the Indonesian COVID-19
Management Guideline, and relevant international guidelines.
Length of stay was compared between patients receiving antivirals
with antibiotics and those receiving antivirals without antibiotics,
followed by multivariable linear regression. Of the 120 patients, 99
received antibiotics and 21 received no antibiotics. The most
frequently prescribed regimen was levofloxacin combined with
meropenem (20.83%), followed by levofloxacin monotherapy
(18.33%). Among antibiotic recipients, appropriateness was 64.6%
for drug selection, 79.8% for dose, 96.0% for route of administration,
94.9% for dosing interval, and 100% for treatment duration. Patients
receiving antivirals with antibiotics had a shorter mean length of
stay than those receiving antivirals without antibiotics (9.2 + 2.4
versus 12.8 £ 3.1 days; p = 0.002). After adjustment for age, sex,
comorbidity, oxygen-support level, and antiviral type, antibiotic co-
administration remained associated with a 3.6-day shorter hospital
stay (adjusted p = 3.6, 95% CI, —4.8 to —2.3; p < 0.001). However,
this association should not be interpreted as evidence of a causal
therapeutic benefit because of the retrospective design, residual
confounding, informative censoring, and the absence of
microbiological confirmation. These findings support strengthening
pharmacist-led prescription review, guideline-based antibiotic
audits, renal-dose adjustment, and antimicrobial stewardship in
hospitals with limited microbiological facilities.
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ABSTRAK

Peresepan antibiotik empiris yang berlebihan selama pandemi COVID-19 menimbulkan
kekhawatiran terhadap peningkatan resistensi antimikroba, terutama di rumah sakit dengan
keterbatasan fasilitas diagnostik mikrobiologi. Penelitian ini bertujuan menggambarkan pola
peresepan antibiotik empiris, mengevaluasi rasionalitas penggunaan antibiotik, dan
menganalisis hubungannya dengan lama rawat inap pada pasien COVID-19 berat hingga kritis
di sebuah rumah sakit swasta tingkat sekunder di Kota Batam, Indonesia. Penelitian
observasional retrospektif dilakukan menggunakan rekam medis 120 pasien yang dirawat
pada April-Juni 2022. Rasionalitas penggunaan antibiotik dievaluasi berdasarkan pemilihan
obat, dosis, rute pemberian, interval pemberian, dan durasi terapi dengan mengacu pada
Panduan Penggunaan Antibiotik rumah sakit, Pedoman Tata Laksana COVID-19 Indonesia,
dan pedoman internasional yang relevan. Lama rawat inap dibandingkan antara pasien yang
menerima antivirus disertai antibiotik dan pasien yang menerima antivirus tanpa antibiotik,
kemudian dianalisis menggunakan regresi linear multivariat. Dari 120 pasien, sebanyak 99
pasien menerima antibiotik dan 21 pasien tidak menerima antibiotik. Regimen yang paling
sering digunakan adalah kombinasi levofloksasin dan meropenem (20,83%), diikuti
levofloksasin tunggal (18,33%). Pada pasien yang menerima antibiotik, tingkat ketepatan
adalah 64,6% untuk pemilihan obat, 79,8% untuk dosis, 96,0% untuk rute pemberian, 94,9%
untuk interval pemberian, dan 100% untuk durasi terapi. Pasien yang menerima antivirus
disertai antibiotik memiliki rata-rata lama rawat inap lebih pendek dibandingkan pasien yang
menerima antivirus tanpa antibiotik (9,2 £ 2,4 dibandingkan 12,8 % 3,1 hari; p = 0,002). Setelah
disesuaikan terhadap usia, jenis kelamin, komorbiditas, tingkat dukungan oksigen, dan jenis
antivirus, pemberian antibiotik tetap berhubungan dengan lama rawat inap yang lebih pendek
sebesar 3,6 hari (3 tersesuaikan = -3,6; IK 95%, —4,8 hingga -2,3; p < 0,001). Namun, hubungan
tersebut tidak dapat ditafsirkan sebagai bukti manfaat kausal antibiotik karena desain
retrospektif, kemungkinan perancu residual, informative censoring, dan tidak tersedianya
konfirmasi mikrobiologis. Hasil penelitian ini mendukung penguatan kajian resep oleh
apoteker, audit penggunaan antibiotik berbasis pedoman, penyesuaian dosis berdasarkan
fungsi ginjal, dan program pengendalian resistensi antimikroba di rumah sakit dengan
keterbatasan fasilitas mikrobiologi.

Kata Kunci: Peresepan antibiotik empiris; Rasionalitas antibiotik; COVID-19 berat hingga
kritis; Lama rawat inap; Pengendalian resistensi antimikroba

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), was first reported in Wuhan, China, in late 2019
and was declared a global pandemic by the World Health Organization on 11 March
2020 [1]. Its clinical spectrum ranges from asymptomatic infection to acute respiratory
distress syndrome that may progress to multi-organ failure, particularly in patients with
comorbidities such as hypertension, diabetes mellitus, and chronic lung disease [2]. In
severe COVID-19, alveolar epithelial damage and immune dysregulation predispose
patients to secondary bacterial infections, including community-acquired co-infection
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and nosocomial superinfections such as hospital-acquired and ventilator-associated
pneumonia [3],[4]. To prevent these complications, empirical antibiotic therapy has
become a standard component of management for severe disease [5].

Excessive antibiotic prescribing throughout the pandemic has nevertheless
raised serious concern. Several studies indicate that more than 70% of hospitalized
COVID-19 patients received antibiotics, although the documented prevalence of
bacterial co-infection was only 3.5-7% [4],[6]. This pattern has compounded the
antimicrobial resistance (AMR) crisis, which the World Health Organization lists among
the top ten global health threats [7].

Reports from Indonesian hospitals have identified levofloxacin, ceftriaxone,
meropenem, and azithromycin as the antibiotics most commonly prescribed in COVID-
19 patients [8], [9]. The expanded use of broad-spectrum agents has contributed to rising
resistance among ESKAPE pathogens Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter
spp.- [10], [11]. To curb these trends, Indonesia has adopted the Antimicrobial Resistance
Control Programme (Program Pengendalian Resistensi Antimikroba/PPRA) through
Ministry of Health Regulation No. 8/2015, which mandates each hospital to develop a
local Antibiotic Use Guideline (Panduan Penggunaan Antibiotik/PPAB) [12].

Internationally, the 2019 IDSA/ATS guideline for community-acquired
pneumonia recommends a [-lactam-macrolide combination, or monotherapy with a
respiratory fluoroquinolone, for non-intensive-care-unit inpatients, while reserving
carbapenems for patients with risk factors for extended-spectrum -lactamase (ESBL)-
producing organisms or Pseudomonas aeruginosa [13]. The 2021 IDSA guideline for the
treatment and management of patients with COVID-19 further emphasizes that
antibiotics should not be routinely administered unless bacterial co-infection is strongly
suspected [14]. Auditing empirical prescribing against such evidence-based references
is a core element of any antimicrobial stewardship (AMS) programme [15].

In addition to antibiotics, severe COVID-19 patients commonly receive antiviral
agents such as remdesivir or favipiravir. Remdesivir has been associated with reduced
mortality and shorter hospitalization in patients with moderate-to-severe disease [16],
[17]. However, evidence on the association between combined antiviral-antibiotic
therapy and length of stay (LOS) in Indonesian settings remains scarce, and previous
reports rarely adjust for confounding by indication.

A further limitation of the existing literature is its concentration on tertiary
referral hospitals in major metropolitan centres, which typically operate full-service
microbiology laboratories. The situation in private secondary-care hospitals, which
represent a substantial share of inpatient capacity in Indonesia, has rarely been
documented, even though most such facilities operate without on-site bacterial culture
and susceptibility services. In this context, antibiotic decision-making depends almost
entirely on locally adapted PPAB, clinical syndromes, and regional antibiograms.
Evidence on whether PPAB-driven empirical prescribing achieves acceptable rationality,
and how it relates to clinical outcomes, is therefore of considerable policy relevance.

Evidence on whether PPAB-driven empirical prescribing achieves acceptable
rationality, and how it relates to clinical outcomes in private secondary-care hospitals
without on-site microbiology, is scarce, even though these hospitals carry a large share
of Indonesian inpatient care. Accordingly, this study aimed to (i) describe empirical
antibiotic prescribing in confirmed severe COVID-19 inpatients at such a hospital in
Batam City; (ii) evaluate its rationality against an explicit operational matrix anchored
on PPAB, the Indonesian COVID-19 Management Guideline, and the IDSA/ATS
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guideline; and (iii) examine the unadjusted and adjusted association between antiviral-
antibiotic combination therapy and LOS. The novelty of this work lies in auditing
antibiotic rationality specifically in a microbiology-limited private secondary-care
setting, providing a practical stewardship reference for the many low- and middle-
income hospitals that must prescribe empirically without culture support.

2. Materials and Methods
Study Design and Setting

A retrospective, single-centre, observational study with a cross-sectional
analytical design was carried out at a private secondary-care hospital in Batam City, Riau
Islands Province, Indonesia. Data were extracted from the medical records of patients
hospitalized between April and June 2022, the peak period of the Omicron wave in the
city. The study hospital provides general inpatient and intensive care services but does
not operate an on-site microbiology laboratory; consequently, neither bacterial culture
nor antimicrobial susceptibility testing was routinely available. Both empirical and
definitive antibiotic prescribing therefore relied on the institution’s Hospital Antibiotic
Use Guideline (PPAB), which had been adapted from the national PPRA framework and
the most recent Indonesian COVID-19 Management Guideline. The absence of an on-
site microbiology laboratory is a defining feature of this setting and constitutes a major
limitation to be weighed when interpreting antibiotic rationality, because
appropriateness could be judged only against guideline concordance rather than against
culture-directed therapy.

Ethical Approval

This study was approved by the Health Research Ethics Committee of
Universitas Batam (Approval No. 076/ LPPM-UNIBA /PI-EC/IV /2022).

Population and Sample

The study population comprised all inpatients with confirmed COVID-19
admitted during the study period. A total sampling method was used, in which every
patient who met the predefined criteria was included. Inclusion criteria were (i) a
positive reverse transcription polymerase chain reaction (RT-PCR) result for SARS-CoV-
2; (ii) classification as severe or critical disease according to the Indonesian COVID-19
Management Guideline issued by the Ministry of Health [5] —severe disease being
defined as clinical signs of pneumonia together with a respiratory rate >30 breaths/min,
severe respiratory distress, or peripheral oxygen saturation (SpO;) <93% on room air,
and critical disease as acute respiratory distress syndrome, sepsis, or a requirement for
mechanical ventilation or vasopressor support; and (iii) availability of complete medical
records covering admission, treatment, and discharge. Both severe and critical cases
were included and analysed together as the severe-disease group. Exclusion criteria
were non-severe (mild or moderate) disease and incomplete records.

Data Collection

A standardized case-report form was used to extract the following information
from each medical record: (i) demographic data (age, sex); (ii) comorbidities, expressed
both individually and as a binary “any comorbidity” indicator; (iii) clinical severity
markers, comprising the highest level of oxygen support administered (room air, low-
flow nasal cannula, non-rebreather mask, high-flow nasal cannula, non-invasive
ventilation, or invasive mechanical ventilation), intensive care unit (ICU) admission, and
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survival status at discharge; (iv) baseline laboratory results within 24 hours of admission,
including total leukocyte count, C-reactive protein (CRP), and serum creatinine, from
which the estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI
equation; (v) antiviral therapy received (remdesivir, favipiravir, or none); (vi) antibiotic
therapy received (drug, dose, route, dosing interval, and duration); and (vii) LOS in
days, defined as the interval from admission to discharge, death, or transfer.

Operational Definitions of Rationality

Rationality of antibiotic use was assessed across five parameters-drug selection,
dose, route of administration, dosing interval, and treatment duration-using criteria
derived from the local Hospital Antibiotic Use Guideline (PPAB) of the study site, the
national PPAB established by Ministry of Health Regulation No. 8 of 2015 [12], the
Indonesian COVID-19 Management Guideline [1],[5], and the 2021 Infectious Diseases
Society of America (IDSA) guideline for the treatment and management of patients with
COVID-19 [14]. Because the study hospital did not perform bacterial culture,
“appropriate drug selection” was operationally defined as concordance with PPAB
recommendations for the patient’s clinical syndrome (community-acquired pneumonia,
hospital-acquired pneumonia, sepsis, or urinary tract infection) rather than concordance
with culture-directed therapy. Appropriateness of dose, interval, and route incorporated
mandatory adjustment for renal function and the established criteria for intravenous-to-
oral switch [18]. Data validity was ensured through independent review by a
multidisciplinary team comprising a pulmonologist, an internist, a member of the
Hospital Antimicrobial Resistance Control Committee (Panitia Pengendali Resistensi
Antibiotik/PPRA), and a clinical pharmacist of the hospital.

The explicit operational criteria used to judge each rationality parameter,
together with their reference sources, are summarized in Table 1.

Table 1. Operational criteria and reference sources for the assessment of antibiotic-use

rationality
Parameter Criterion for "appropriate" Criterion for Reference
"inappropriate" source
Drug Regimen matches the PPAB Regimen does not Local PPAB;
selection recommendation for the match the PPAB national PPRA
documented clinical syndrome syndrome (PMK No.
(CAP, HAP, sepsis, or UTI), with recommendation, or 8/2015);
the narrowest suitable spectrum; empirical carbapenem IDSA/ATS
carbapenem used only when used without CAP guideline
ESBL/ Pseudomonas risk factors are ~ documented (2019); IDSA
documented. ESBL/ Pseudomonas COVID-19
risk. guideline
(2021)
Dose Within the PPAB/reference range Outside the Local PPAB;
and adjusted for renal function recommended range, renal-dosing
(eGFR) where needed (e.g., or not adjusted for references
meropenem 1 g every 12h at eGFR  reduced eGFR.
<60).
Route of Matches disease severity; IV-to-oral IV therapy continued  Local PPAB;
administrat switch applied once switch criteria  after the patient meets IV-to-oral
ion are met. IV-to-oral switch switch criteria

criteria.
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Parameter Criterion for "appropriate" Criterion for Reference
"inappropriate" source
Dosing Follows the reference and is Interval not extended  Local PPAB;
interval extended in renal impairment in renal impairment. ~ renal-dosing
where needed (e.g., levofloxacin references
every 48 h).
Treatment Within the recommended course Shorter or longer than  Local PPAB;
duration (5-7 days uncomplicated; 10-14 the recommended IDSA/ATS
days complicated) and stopped at course. CAP guideline
clinical stability. (2019)

CAP = community-acquired pneumonia; HAP = hospital-acquired pneumonia; UTI = urinary tract infection; ESBL
= extended-spectrum f-lactamase; eGFR = estimated glomerular filtration rate.

Statistical Analysis

Continuous variables were tested for normality using the Shapiro-Wilk test and
for homogeneity of variance using Levene’s test. Normally distributed variables are
presented as mean * standard deviation and were compared with an independent-
samples t-test; non-normally distributed variables are presented as median (interquartile
range, IQR) and were compared with the Mann-Whitney U test. Categorical variables
were compared using the chi-square test or Fisher’s exact test as appropriate. The
magnitude of group differences in LOS was quantified using Cohen’s d, with values of
0.2, 0.5, and 0.8 interpreted as small, medium, and large effects, respectively[19].

To adjust for confounding by indication, multivariable linear regression was
used to model LOS as the dependent variable. Independent variables comprised the
antibiotic-treatment group (combined antiviral-antibiotic vs antiviral monotherapy),
age, sex, the presence of any comorbidity, the highest level of oxygen support during
admission (categorized as low-flow vs high-flow /non-invasive vs invasive ventilation),
and antiviral type. C-reactive protein, leukocyte count, eGFR, ICU admission, and in-
hospital mortality were used for descriptive comparison between the treatment groups
(Table 3) and were not entered as predictors in the regression model, in order to avoid
over-fitting given the available sample size. Effect estimates are reported as adjusted -
coefficients with 95% confidence intervals (CI). The assumptions of linearity,
independence, homoscedasticity, and normality of residuals were examined and were
acceptable; the highest variance inflation factor was 1.11 (all <5), indicating no
problematic multicollinearity, and the model explained an adjusted R? of 0.199 (19.9% of
the variance in LOS). All tests were two-tailed with a significance threshold of p <0.05.
Analyses were performed in IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY,
USA).

3. Results and Discussion
Patient Characteristics

A total of 120 patients met all inclusion criteria and were included in the final
analysis. Their demographic, comorbidity, and clinical severity characteristics are shown
in Table 2. Male patients constituted a slight majority (54.17%), and 70.0% of the cohort
was older than 46 years. Hypertension (27.50%) and diabetes mellitus (23.33%) were the
most frequent comorbidities, in agreement with earlier Indonesian reports on severe
COVID-19 [8],[9]. The male predominance is consistent with biological hypotheses
linking sex-specific differences in angiotensin-converting enzyme 2 (ACE2) expression
and the relative immunoprotective effect of oestrogen to clinical severity [20],[21].
Disease severity in the cohort was substantial: 45.83% of patients required high-flow
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nasal cannula or higher levels of respiratory support, 29.17% were admitted to the ICU,
18.33% had an eGFR below 60 mL/min/1.73 m? and the in-hospital mortality rate
reached 15.00%. The high baseline CRP above 100 mg/L in 70.83% of patients reflects
the intense inflammatory state of severe COVID-19 but is not pathognomonic of bacterial
co-infection, since marked CRP elevation also occurs as part of the viral cytokine
response [22].

Table 2. Characteristics of patients with confirmed severe COVID-19 (n = 120)

Characteristic Category n %
Sex Male 65 54.17
Female 55 45.83
Age (years) 18-30 11 9.17
31-45 25 20.83
46-60 49 40.83
>60 35 29.17
Comorbidity Hypertension 33 27.50
Diabetes mellitus 28 23.33
Asthma 8 6.67
COPD 6 5.00
Hypertension + CKD 6 5.00
No comorbidity 39 32.50
Highest oxygen support Low-flow nasal cannula 25 20.83
Non-rebreather mask 40 33.33
High-flow nasal cannula 30 25.00
Non-invasive ventilation 15 12.50
Invasive mechanical ventilation 10 8.33
ICU admission Yes 35 29.17
In-hospital mortality Yes 18 15.00
eGFR (mL/min/1.73 <60 22 18.33
m?)
Baseline CRP (mg/L) >100 85 70.83
Baseline WBC (x103/puL) >12 30 25.00
LOS (days) Median (IQR) 10 (8-13) -

Note: ICU = intensive care unit; eGFR = estimated glomerular filtration rate; CRP = C-reactive protein; WBC =
white blood cell; IQR = interquartile range; LOS = length of stay; COPD = chronic obstructive pulmonary disease;
CKD = chronic kidney disease.

The relevance of age and comorbidity for antibiotic prescribing extends beyond
simple risk stratification. Immunosenescence and the chronic inflammatory state of
metabolic disease alter both infection risk and pharmacokinetics [23]. Hypertension
upregulates ACE2 expression, providing additional cellular entry points for SARS-CoV-
2, while chronic hyperglycaemia in diabetes impairs innate and adaptive immune
responses [23]. Coexistent chronic kidney disease — present in 5.00% of the cohort, with
a further proportion meeting the eGFR threshold —has direct implications for renally
cleared agents such as meropenem and levofloxacin, mandating dose and interval
adjustment to avoid toxicity or therapeutic failure.

Baseline characteristics compared between the combined antiviral-antibiotic
group and the antiviral-monotherapy (no-antibiotic) group-including in-hospital
mortality in each group-are shown in Table 3.
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Table 3. Baseline characteristics by treatment group

Characteristic Combined Antiviral p-value

antiviral-antibiotic monotherapy / no

(n=99) antibiotic (n =21)

Age, years, mean + SD 542+17.8 52.4+15.9 0.673
Male sex, n (%) 52 (52.5) 13 (61.9) 0.478
Any comorbidity, n (%) 70 (70.7) 11 (52.4) 0.126
High-flow/non- 45 (45.5) 10 (47.6) 1.000
invasive/invasive oxygen
support, n (%)
ICU admission, n (%) 28 (28.3) 7 (33.3) 0.792
In-hospital mortality, n 13 (13.1) 5 (23.8) 0.309
(%)
Baseline CRP >100 mg/L, 70 (70.7) 15 (71.4) 1.000
n (%)
Baseline WBC >12 23 (23.2) 7 (33.3) 0.406
x10%/uL, n (%)
eGFR <60 mL/min/1.73 21 (21.2) 1(4.8) 0.118
m?, n (%)
Remdesivir (vs 57 (57.6) 13 (61.9) 0.810

favipiravir), n (%)
Age was compared with the independent-samples t-test; categorical variables were compared with the chi-square or
Fisher’s exact test, as appropriate. CRP = C-reactive protein; WBC = white blood cell; ICU = intensive care unit;
eGFR = estimated glomerular filtration rate; SD = standard deviation.

Pattern of Antiviral and Antibiotic Use

The distribution of antiviral therapy is summarized in Table 4. Remdesivir was
the dominant antiviral agent (58.33%), in keeping with the recommendations of the
World Health Organization and the Indonesian COVID-19 Management Guideline for
moderate-to-severe COVID-19 patients requiring supplemental oxygen[1], [16]. As a
nucleotide analogue, remdesivir inhibits the RNA-dependent RNA polymerase of
SARS-CoV-2 and was shown in the ACTT-1 trial to shorten recovery time among
hospitalized patients requiring oxygen support [16]. Favipiravir was used in 41.67% of
patients, mainly in those without intravenous access or with lower oxygen demand, and
has also been associated with shorter LOS in Indonesian COVID-19 inpatients[24].

Table 4. Pattern of antiviral use (n = 120)

Type of antiviral n %
Remdesivir injection 70 58.33
Favipiravir tablet 50 41.67

The pattern of antibiotic prescribing is shown in Table 5. The levofloxacin-
meropenem combination was the most frequent regimen (21%), followed by
levofloxacin alone (18%) and the choice of no antibiotic (18%).

Table 5. Pattern of antibiotic use (n = 120)

Type of antibiotic Drug class n %
Levofloxacin + Meropenem Fluoroquinolone + Carbapenem 25 20.83
inj.

Levofloxacin inj. Fluoroquinolone 22 18.33
No antibiotic — 21 17.50
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Levofloxacin + Fluoroquinolone + Macrolide 16 13.33
Azithromycin

Ceftizoxime inj. Third-generation cephalosporin 14 11.67
Meropenem inj. Carbapenem 12 10.00
Ceftriaxone + Cephalosporin + Macrolide 6 5.00
Azithromycin

Azithromycin tab. Macrolide 4 3.33

Note: inj. = injection; tab. = tablet. The “no antibiotic” group (n =21, 17.50%) is the same group as the antiviral-
monotherapy arm used in the length-of-stay comparison (Table 8).

Broad-spectrum agents therefore accounted for most prescriptions, mirroring
patterns reported by Limato et al. [9] in Indonesian national referral hospitals. The high
reliance on carbapenems is of particular concern because the World Health Organization
AWaRe classification places carbapenems in the “Watch” category, with use restricted
to defined indications [7]. Uncontrolled use is known to drive the emergence of
carbapenemase-producing Enterobacteriaceae, a recognized threat in Indonesian
tertiary settings[11]. Levofloxacin and third-generation cephalosporins, by contrast, are
aligned with first-line empirical recommendations of the 2019 IDSA /ATS guideline for
community-acquired pneumonia[13]. The 18% of patients managed without antibiotics
suggests that a subset of clinicians applied prudent prescribing, in keeping with AMS
principles[15].

Rationality of Antibiotic Use

Among the 99 patients who received antibiotics, the rationality profile is
presented in Table 6. Appropriateness was lowest for drug selection (64.6%) and dose
(79.8%), and highest for treatment duration (100%). Route (96.0%) and interval (94.9%)
were also acceptable. The 35.4% rate of inappropriate drug selection (35 of 99 courses)
was driven entirely by the empirical use of carbapenems without documented ESBL or
Pseudomonas risk factors. Because the study hospital had no microbiology laboratory, the
assessment of “appropriate selection” relied on documented clinical and
epidemiological risk factors recorded in the medical record. Without microbiological
confirmation, even a PPAB-compliant decision cannot be downgraded to a culture-
targeted regimen, which underscores a structural limitation of stewardship in such
settings rather than an individual clinician failure [15]. Meropenem-containing regimens
accounted for 37 of the 99 antibiotic courses (levofloxacin-meropenem, n = 25;
meropenem monotherapy, n = 12); of these, 35 were classified as inappropriate drug
selection because meropenem had been started empirically in patients without any
documented risk factor for ESBL-producing Enterobacterales or Pseudomonas
aeruginosa, contrary to the reservation criteria of the local PPAB and the 2019 IDSA / ATS
guideline [13].
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Table 6. Appropriateness of antibiotic use (n = 99)

Parameter Appropriate, Inappropriate Basis of inappropriate cases
n (%) , 1 (%)
Drug selection 64 (64.6) 35 (35.4) Empirical carbapenem prescribed

without documented
ESBL/Pseudomonas risk factor

Dose 79 (79.8) 20 (20.2) Meropenem/levofloxacin not
adjusted for reduced renal
function (eGFR <60)
Route of 95 (96.0) 4 (4.0) Intravenous therapy continued
administration despite meeting IV-to-oral switch
criteria
Dosing interval 94 (94.9) 5(5.1) Levofloxacin dosing interval not
extended to 48 h in renal
impairment

Treatment duration 99 (100) _ 0 (0) _ —

Inappropriate dosing (20.2%) occurred primarily in patients with reduced renal
function (eGFR <60 mL/min/1.73 m?), in whom meropenem and levofloxacin doses
were not adjusted as required by PPAB (Table 7). Subtherapeutic concentrations risk
both treatment failure and resistance, whereas supratherapeutic concentrations increase
the risk of nephrotoxicity, neurotoxicity, and QT-interval prolongation. Standardized
pharmacist-led dose review —an established core element of AMS programmes—
remains the most feasible intervention to address this gap [15].

Table 7. Antibiotics not adjusted to renal function among patients with eGFR <60 mL/min/1.73

m?2
Antibiotic Patients with eGFR  Not dose- Adjustment required per PPAB
<60 receiving the adjusted,
drug, n n (%)
Meropenem 8 8 (100.0) Reduce dose and/or extend interval
when eGFR <60 (e.g., 1 g every 12 h;
further reduction if eGFR <25)
Levofloxacin 19 19 (100.0) Reduce dose and extend interval
when eGFR <50 (e.g., 750 mg then
750 mg every 48 h)
Other renally 1 0 (0.0) Adjust dose/interval per renal-
cleared agent dosing references

(ceftizoxime)
Percentages are relative to the number of patients receiving each drug; patients on the levofloxacin + meropenem
combination are counted in both drug rows. eGFR = estimated glomerular filtration rate; PPAB = Hospital
Antibiotic Use Guideline.

Inappropriate route (4%) involved patients who met the intravenous-to-oral
switch criteria specified by PPAB (clinical improvement, ability to tolerate oral intake,
haemodynamic stability) but continued to receive intravenous therapy. Timely switch
shortens intravenous exposure, reduces phlebitis and catheter-related infection, and
supports earlier discharge [18]. Inappropriate interval (5%) occurred entirely in chronic
kidney disease patients for whom the levofloxacin interval should have been extended
to every 48 hours. The 100% appropriateness of duration reflects strong adherence to the
PPAB recommendation of 5-7 days for uncomplicated pneumonia and 10-14 days for
complicated infections —a finding consistent with the 2019 IDSA / ATS recommendation
that therapy be discontinued once clinical stability is achieved [13],[15].
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Procalcitonin testing, which has emerged as a useful adjunct for guiding
antibiotic initiation and de-escalation in respiratory tract infections[22], is not routinely
available at the study hospital. In its absence, empirical broad-spectrum prescribing may
be over-used because clinicians lack a rapid biomarker to differentiate viral pneumonia
from bacterial co-infection. Implementation of inflammatory biomarker panels, even
when full bacterial culture is unavailable, may therefore represent a high-yield AMS
intervention for hospitals operating in this context.

Length of Hospital Stay

LOS comparisons between patients receiving combined antiviral-antibiotic
therapy and those receiving antiviral monotherapy are presented in Table 8.

Table 8. Unadjusted and adjusted comparison of length of stay by treatment group

Parameter Combined (n Monotherapy  Estimate (95% p-value
=99) (n=21) CI)

LOS, mean * SD (days) 92+24 128 £3.1 -3.6 (-4.9, -2.3) 0.002

LOS, median (IQR) (days) 9 (8-11) 13 (11-15) — <0.001

Effect size, Cohen’s d 1.35 (large) -

Adjusted B-coefficient -3.6 (-4.8, -2.3) <0.001

Note: p = 0.002 (mean) is from the independent-samples t-test and p <0.001 (median) from the Mann-Whitney U
test; both are reported because LOS deviated modestly from normality. The adjusted p (-3.6 days) is from
multivariable linear regression adjusted for age, sex, comorbidity, oxygen support level, and antiviral type. CI =
confidence interval; IQR = interquartile range; LOS = length of stay; SD = standard deviation.

The combined therapy group had a shorter unadjusted LOS than the antiviral-
monotherapy group (mean 9.2 + 2.4 vs 12.8 + 3.1 days; mean difference -3.6 days, 95%
CI -4.9 to -2.3; p = 0.002, independent-samples t-test). Because LOS in both groups
deviated modestly from normality on Shapiro-Wilk testing, the median (IQR)
comparison was added and the Mann-Whitney U test confirmed the difference (9 days
[IQOR 8-11] vs 13 days [IQR 11-15]; p <0.001). The standardized effect size (Cohen’s d =
1.35) was large [19]. After adjustment for age, sex, comorbidity, oxygen support level,
and antiviral type, antibiotic co-administration remained associated with a 3.6-day
shorter LOS (95% CI -4.8 to -2.3; p <0.001). Because LOS was censored at discharge,
death, or transfer, a shorter stay may partly reflect early in-hospital death rather than
clinical improvement; in-hospital mortality by treatment group is therefore reported in
Table 3, and a sensitivity analysis restricted to survivors was performed, in which the
association between antibiotic co-administration and shorter LOS remained statistically
significant (adjusted p = -3.2 days; 95% CI -4.6 to -1.7; p <0.001). This result should be
interpreted as a statistical association only and not as evidence that antibiotics shorten
hospital stay.

These results should be interpreted with caution. The retrospective cross-
sectional design cannot establish causality: antibiotic co-administration is not randomly
allocated but reflects the clinician’s estimate of bacterial co-infection risk, which is itself
shaped by oxygen requirement, inflammatory markers, age, and comorbidity[25]. Even
after multivariable adjustment, residual confounding by indication, by severity not
captured in the chart, and by individual prescriber preference remains plausible. Future
work using propensity-score methods or, ideally, prospective designs is needed to
clarify whether the association is causal[26].

A second concern is the absence of microbiological confirmation. In the present
cohort, neither bacterial co-infection nor bacterial clearance could be objectively
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documented. Several large multicentre studies have shown that confirmed bacterial co-
infection in hospitalized COVID-19 patients is uncommon (3.5-7%)[4], [6], so a
substantial share of empirical antibiotic prescriptions may have been administered to
patients without genuine bacterial infection. In that scenario, the apparent LOS benefit
could reflect resolution of viral pneumonia rather than antibacterial activity. The
observed association should therefore be framed as suggestive rather than confirmatory,
and the discussion of mechanism —antibiotics treating bacterial co-infection while
antivirals suppress viral replication[3], [27] - must remain hypothetical pending
microbiologically anchored evidence.

The implications for AMS in private secondary-care hospitals without
microbiology services are nonetheless important. First, a structured PPAB, regularly
updated against the IDSA/ATS and national guidelines, can deliver acceptable
rationality scores across most parameters, as shown by the >90% appropriateness for
route, interval, and duration in this study. Second, the residual gap in drug selection and
dose adjustment is addressable through pharmacist-led prescription review, which
remains the most consistently effective AMS intervention[15]. Third, even modest
investments in adjunctive biomarkers such as procalcitonin and CRP-trend monitoring
could enable safer empirical de-escalation in settings where culture is unavailable[22],
[28]. Strengthening these elements-rather than mandating culture confirmation that
hospitals cannot deliver-is a realistic path to AMS impact in the Indonesian secondary-
care network.

Several limitations should be acknowledged. First, the single-centre retrospective
design restricts external validity and precludes causal inference. Second, the study
hospital does not operate a microbiology laboratory; bacterial culture and antimicrobial
susceptibility data were therefore unavailable, and both empirical and definitive
antibiotic decisions relied entirely on PPAB. The rationality assessment should
consequently be understood as concordance with guideline criteria rather than
agreement with culture-directed therapy. Third, although the multivariable model
adjusted for the principal clinical drivers of LOS, residual confounding by indication
remains plausible. Fourth, adjunctive biomarkers such as procalcitonin were not
consistently available, limiting the ability to discriminate viral from bacterial
inflammation. Future multicentre studies, ideally with propensity-score matching or
prospective enrolment and structured biomarker collection, are warranted to confirm
and extend the present findings. In addition, because LOS was censored at discharge,
death, or transfer, early in-hospital death could shorten LOS independently of any
clinical benefit (informative censoring); the mortality-by-group data (Table 3) and the
survivor-only sensitivity analysis are reported specifically to make this potential bias
explicit, and the LOS finding is therefore presented as an association only.

4. Conclusion

In this cross-sectional study of 120 patients with confirmed severe COVID-19
hospitalized at a private hospital in Batam City, empirical antibiotic prescribing was
dominated by broad-spectrum regimens, with the levofloxacin-meropenem
combination as the most frequent. Against an operational matrix derived from PPAB,
the national COVID-19 Management Guideline, and the IDSA/ATS pneumonia
guideline, appropriateness was lowest for drug selection (64.6%) and dose (79.8%) and
highest for treatment duration (100%). Combined antiviral-antibiotic therapy was
associated with a shorter LOS than antiviral monotherapy, with an adjusted difference
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of 3.6 days; this is an association only and must not be read as evidence of a causal effect,
because confounding by indication, informative censoring by early death, and the
absence of microbiological confirmation cannot be excluded. Accordingly, these findings
do not support the routine empirical use of antibiotics in severe COVID-19; antibiotics
should be reserved for patients with a genuine clinical suspicion of bacterial co-infection.
For private secondary-care hospitals operating without on-site microbiology services,
the most realistic stewardship priorities are pharmacist-led prescription review,
structured PPAB-anchored audits, and the implementation of inflammatory biomarker
panels to support empirical de-escalation. These findings contribute to the growing
literature on antimicrobial stewardship implementation in resource-limited hospital
settings and provide a practical reference for similar institutions in Indonesia and other
low- and middle-income countries.
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