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Introduction: The COVID-19 pandemic has been closely linked to the overuse of antibiotics, particularly in hospitalized
patients. Early clinical uncertainty and lack of definitive treatments led to widespread empiric use. This study assessed the
appropriateness of antibiotic use and identified mortality risk factors among moderate to severe COVID-19 patients in Bali
Mandara Hospital's ICU.

Methods: A retrospective cross-sectional study of 72 moderate to severe COVID-19 patients was conducted from 200 ICU
admissions in 2021. Simple random sampling was used. Antibiotic appropriateness was assessed using the Gyssens method.
Variables such as age, sex, severity, comorbidities (hypertension, diabetes), and culture results were analyzed using Chi-
square tests.

Result: Among 322 antimicrobials, 226 were antibiotics. Gyssens' classification showed 40% appropriate use and 60%
inappropriate use, mainly due to lack of indication (Category V). Age over 60, sex, and disease severity were significantly
associated with mortality (p<0.05). Bacterial co-infection was confirmed in 30.6%, predominantly Enterobacteriaceae.
Conclusion: Antibiotic appropriateness remains low, with substantial overuse. Mortality correlated significantly with age,
sex, and disease severity. These findings underscore the need for enhanced antimicrobial stewardship and targeted clinical
management in cases of severe COVID-19.
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INTRODUCTION

The global health crisis precipitated by the
emergence of Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2),
which led to the COVID-19 pandemic, has
posed unprecedented challenges to public
health systems worldwide.! In response
to the rapid spread and high morbidity
of the disease, a range of mitigation
strategies were implemented, including
the administration of antibiotics to
hospitalized patients. Although antibiotics
do not directly target viral infections, their
extensive use during the pandemic has
raised serious concerns about the potential
acceleration of antimicrobial resistance
(AMR).?

Data from the Centers for Disease
Control and Prevention (CDC) indicate
that during the first year of the pandemic,
hospital-onset infections caused by
resistant pathogens, as well as associated
mortality, increased by 15% or more.
Moreover, after years of declining
rates, four out of six central healthcare-
associated infections (HAIs) showed
marked increases in U.S. hospitals in 2020.°
These trends are particularly concerning,
as many of the resistant pathogens
responsible for these HAIs exhibit limited
susceptibility to available antibiotics and
antifungal agents.*

COVID-19 predominantly presents
respiratory manifestations, which may

increase the susceptibility of patients to
secondary bacterial infections. In such
circumstances, the use of antibiotic therapy
may be clinically justified” However,
given that antibiotics are inherently
ineffective against viral pathogens, their
inappropriate or empirical administration,
particularly in the absence of definitive
evidence of bacterial co-infection, poses a
substantial risk of exacerbating the already
critical global challenge of AMR.*

In clinical practice, antibiotic selection
is usually informed by local antimicrobial
stewardship  policies and prevailing
susceptibility patterns. Empirical therapy
is often applied in severe cases to cover a
broad spectrum of potential pathogens.”
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However, rising AMR rates have
complicated this approach, necessitating
a careful balance between achieving
adequate coverage and minimizing
unnecessary use of broad-spectrum or
last-line antibiotics. Both overuse and
underuse have been linked to increased
mortality.®’

Several factors contributed to the
high rate of antibiotic use during the
pandemic, especially among patients with
severe manifestations of COVID-19: (i)
the clinical similarities between SARS-
CoV-2 infection and community-acquired
bacterial pneumonia; (ii) diagnostic
uncertainty and clinician anxiety during
the early phases of the pandemic,
compounded by the absence of effective
antiviral treatments; and (iii) the potential
for secondary bacterial, fungal, or
opportunistic infections, which are often
difficult to distinguish from the primary
viral illness.'*!"!

Several studies have reported that a
substantial proportion of hospitalized
COVID-19 patients, ranging from 70%
to 90%, received antibiotics during the
early phases of the pandemic, despite the
relatively low prevalence of confirmed
bacterial co-infections.”” Intensive care
units (ICUs), which treat critically ill
patients and frequently involve invasive
procedures, are  particularly  high
consumers of antimicrobials.”> Broad-
spectrum antibiotics are frequently used
in ICUs to manage severe infections
and prevent complications, thereby
contributing to the emergence of
multidrug-resistant ~ organisms  and
heightened antibiotic use during the
pandemic.'*"

Despite these findings, regional
patterns of antimicrobial consumption
during the COVID-19 pandemic remain
inadequately understood. Expanding
our knowledge of antibiotic use trends
and their implications for resistance
development is essential for formulating
effective ~ antimicrobial  stewardship
strategies.''” Therefore, this study aims to
evaluate antibiotic consumption within the
ICU setting, assess the appropriateness of
their use, and identify factors influencing
clinical outcomes among moderate to
severe COVID-19 patients treated at Bali
Mandara Hospital in 2021.

METHODS

Study Design and Population

A retrospective cross-sectional study
was conducted at Bali Mandara General
Hospital’s intensive COVID-19 ward in
2021. Of 200 hospitalized patients, 109
met the inclusion criteria, and 72 were
selected via simple random sampling. The
inclusion criteria in this study include
a confirmed COVID-19 diagnosis (RT-
PCR), classified as moderate, severe, or
critical, aged >18 years, and treated in the
intensive COVID-19 ward. The exclusion
criteria were incomplete medical records
and referred from another hospital. The
variables analyzed in this study include
mortality and length of stay (LOS) were
primary outcomes. LOS was dichotomized
at 14 days (mean value). Comorbidities
were categorized as hypertension and/
or diabetes mellitus. Culture result was
defined as any microbiological growth
from blood, sputum, or urine collected
during ICU stay. The appropriateness

of antibiotics was evaluated using
the Gyssens method, which classifies
prescriptions from Category O (rational)
to VI (incomplete data)'®, Antimicrobials,
involved antibiotics and antivirals,
were analyzed in this study. Antibiotics
included classes such as fluoroquinolones,
cephalosporins, ~ carbapenems,  and
penicillin-beta-lactamase inhibitor
combinations, while antivirals mainly
comprised Remdesivir and Favipiravir,
consistent with national COVID-19
treatment protocols.

Data Collection and Analysis

Data were extracted from medical
records. Descriptive statistics were used
to summarize patient demographics,
clinical features, and antimicrobial use.
Chi-square analysis was used to examine
the correlation between demographic
characteristics and the clinical status of
patients, including clinical outcome and
length of stay.

200 Patient hospitalized in
intensive COVID-19 ward

v

Inclusion Criteria :

AW N =

Age > 18 year

COVID-19 confirmed cases
Moderate-Severe Covid 19 cases
Hospitalized in intensive COVID-19 ward

n= 109 sample

Simple Random Sampling

n= 72 sample

Figure 1.  Flowchart of Inclusion Criteria
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RESULTS

The demographic and clinical
characteristics of the 72 patients included
in this study are presented in Table 1. The
majority of patients were aged < 60 years
(58,3%) and male (62,5%). Comorbidities
were observed in 59,72% of patients, with
hypertension (27,8%) and diabetes mellitus
(31,9%) being the most prevalent. In terms
of disease severity, 47,2% of cases were
classified as severe and 30,6% as critical.
More than half of the patients (52,8%)
had a prolonged hospital stay, defined
as a length of stay (LOS) greater than 14
days. The 14-day threshold was selected
based on previous studies identifying it as
a clinically relevant marker of prolonged
hospitalization in COVID-19 patients,
often associated with increased disease
severity, complications, and resource
utilization."®  Microbiological culture
results were positive in 22 patients, while
the remainder showed no microbial

several statistically significant predictors,
as shown in Table 2. Patients aged over
60 years exhibited a higher mortality rate
(56,7%) compared to younger patients
(p = 0,009). Sex also played a significant
role; females accounted for 55.6% of
deaths, while male patients had a higher
rate of recovery, indicating a statistically
significant association between sex and
clinical outcome (p = 0,025).

Disease severity strongly influenced
mortality outcomes. Patients classified as
having critical COVID-19 experienced
significantly higher mortality compared
to those with moderate or severe disease
(p = 0,001). Additionally, the presence of
comorbidities, specifically hypertension,
was significantly associated with prolonged
length of stay (LOS) (p = 0,019).

Culture positivity, indicating confirmed
bacterial co-infection, was significantly
associated with prolonged length of stay
(LOS) (p = 0,006), although it did not

antivirals (29,8%), as shown in Figure 1.
The most frequently prescribed antiviral
agents were Remdesivir and Favipiravir,
which were in line with national
COVID-19 management guidelines.
Among the antibiotics, Levofloxacin was
the most commonly used, followed by
ceftriaxone and meropenem, reflecting
the empiric treatment approach frequently
adopted in ICU settings where bacterial
co-infections were suspected but not
always confirmed microbiologically.

The appropriateness of antibiotic
use was assessed using the Gyssens
method (Table 3). Of the total antibiotic
prescriptions, 40% (n = 129) were classified
as appropriate (Category 0), indicating
adherence to clinical guidelines and proper
indications. The remaining 60% (n=193)
were considered inappropriate. The most
frequent cause of inappropriate use was
Category V (n=126), indicating antibiotics
were given without a clear clinical

demonstrate a statistically significant indication. Other notable categories
growth. i ) relationship with mortality. included IIIA (n=31), representing
Mortality was observed in 38,9% of A total of 322 antimicrobial a . ith .
: o . gentswere  prescriptions with a duration that was too
cases.  Chi-square analysis identified 4 inisered during the study period, short, and IIIB (n=29), where antibiotics
comprising 226 antibiotics (70,2%) and 96 were continued longer than necessary.
Table 1. Patient Characteristics and
Bacterial Co-Infection in
ICU COVID-19 Cases Table 2. Predictive Factors Associated with Clinical Outcomes and Length of
i Stay in Moderate to Severe COVID-19 Patients
Variables n (%) Variable LOS p Outcome p
Age (mean + SD) 56,61 + 15,02 >14 days <14 days Die Recovery
>60 yo 30 (41,70) Age
<60 yo 42 (58,30) >60 yo 18 (60,00%) 12 (40,00%) 0.300 17 (56,70%) 13 (43,30%) 0.009
Sex <60 yo 20 (47,60%) 22 (52,40%) ’ 11 (26,20%) 31 (73,80%) ’
Female 27 (37,50) Sex
Male 45 (62,50) Female 12 (44,40%) 15 (55,60%) 0.273 15 (55,60%) 12 (44,40%) 0.025
LOS Male 26 (57,80%) 19 (42,20%) ’ 13 (28,90%) 32 (71,10%) ’
>14 day 38 (52,80) Covid-19
<14 day 34 (47,20) Status
. Critical 13 (59,10%) 9 (40,90%) 19 (86,40%) 3 (13,60%)
Covid-19 Category Severe 22 (64,70%) 12 (35,30%) 0,008 9 (26,50%) 25 (73,50%) 0,001
Critical 22 (30,60) Moderate 3 (18,80%) 13 (81,30 %) 0(0,00%) 16 (100%)
Severe 34 (47,20)
Moderate 16 (22,20) Hypertension
) Yes 15 (75,00%) 5 (25,00%) 8 (40,00%) 12 (60.00%)
Type of Comorbid 43 (59,72) No 23 (4420%) 29 (55,80%) Y 20(3850%) 32 (61,50%)  00°
Hypertension 20 (27,80)
DM 23 (31,90) DM
Yes 12 (52,20%) 11 (47,80%) 10 (43,50%) 13 (56,50%)
Outcome No 26 (53,10%) 23 (46,90%) 0% 18(3670%) 31(6330%) 00
Die 28 (38,90)
Recovery 44 (61,10) Culture
Results
Culture Growth Yes 17 (77,30%) 5 (22,70%) 12 (54,50%) 10 (45,50%)
Yes 22 (30,60) No 21 (42,00%) 29 (58,00%) 0% 16(32,00%) 34 (68,00%) 07!
No 50 (69,40)
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Figure 2.
Table 3.

Antimicrobial Usage Profile in Moderate to Severe COVID-19 Patients

Appropriateness of Antibiotic Use in ICU COVID-19 Patients

Evaluated Using the Gyssens Method

Appropriateness of

Antibiotic Use Gyssens Category Total n (%)
Appropriate 0 Rational use 129 (40,00)
Inappropriate I A Duration too short (n=31)
III B Duration too long (n=29)
IVD  Alternative, narrower spectrum (n=3) 193 (60,00)
A% No Indication (n=126)
VI Incomplete data (n=4)
These findings suggest that a substantial administered more frequently than
proportion of antibiotic use was empirical, antivirals such as Remdesivir and

rather than guided by microbiological
confirmation or protocolized evaluation
of treatment duration.

DISCUSSION

This study underscores the persistent
overuse and frequent inappropriateness
of antibiotic use among ICU patients
during the COVID-19 pandemic. In line
with a Swedish longitudinal study by
Karlsson et al. (2023), our findings showed
that only 40% of antibiotic prescriptions
were considered appropriate, with 60%
classified as inappropriate, primarily due to
alack of clear clinical indications (Gyssens
Category V). This reflects a global trend
of empirical prescribing in the absence
of microbiological confirmation, which
was also seen in prior meta-analyses and
observational studies.”"*

Antibiotics, primarily Levofloxacin,
ceftriaxone, and meropenem, were

Favipiravir, which were recommended
under Indonesias COVID-19 treatment
protocols.”®  This pattern persisted
regardless of patient outcomes, with
antibiotics often administered empirically
even in the absence of confirmed bacterial
co-infections. Despite the high rate of
antibiotic use, the actual incidence of
bacterial infections among COVID-19
patients remained relatively low at 10,5%.*
Another study found that despite extensive
antibiotic use, culture-confirmed bacterial
infections were identified in only 30,6% of
patients. ©

This discrepancy raises concern about
the extent of unnecessary antibiotic
exposure, underscoring the need for robust
diagnostic stewardship.” The application
of the Gyssens method revealed that
60% of antibiotics were misused, mostly
without clinical indication (Category
V). This indicates that clinical judgment

often favored precautionary or empirical
prescribing over evidence-based practices,
possibly due to the overlapping clinical
presentations of viral and bacterial
pneumonia and the limitations of rapid
diagnostics in a resource-constrained
setting.”

In terms of patient outcomes, mortality
was significantly associated with key risk
factors: age over 60 years, female sex,
critical disease classification, and the
presence of comorbidities, specifically
hypertension and diabetes mellitus. These
variables were operationally defined
within the study and are supported by
other investigations highlighting similar
associations. ***” Culture positivity also
showed a significant association with
prolonged length of stay, though it was
not independently linked to mortality.”®
These findings are consistent with a
broad literature base, including studies
that observed increased mortality risks
in patients with bacterial co-infections as
well as higher ICU needs among patients
with comorbidities such as hypertension
and diabetes. Notably, these comorbidities
may predispose patients to immune
dysregulation, leading to more severe
disease and extended hospitalizations *

Overall, this study illustrates the
disconnect between antibiotic prescribing
patterns and microbiological evidence of
infection. While the majority of patients
received antibiotics, only a minority had
laboratory-confirmed bacterial infections.
This imbalance highlights the need to
enhance clinical protocols, improve access
to rapid diagnostic testing, and ensure that
antimicrobial stewardship programs are
actively guiding therapy decisions in real
time."** These findings also validate the
need to reform national and institutional
treatment  protocols to emphasize
bacterial confirmation before initiating
antibiotics, especially in viral pandemics.
Reinforcing stewardship education and
auditing antibiotic use regularly in ICU
settings may help prevent the downstream
consequences of antimicrobial resistance
and preserve the efficacy of critical
antimicrobial agents %

This study has several limitations. First,
its retrospective design and relatively
small sample size limit the generalizability
of the findings and restrict the breadth of

Published by the Indonesian Society for Clinical Microbiology | JCMID 2025; 5(1): 28-33 | doi: 10.51559/jcmid.v5i1.69

31


https://doi.org/10.51559/jcmid.v5i1.69

ORIGINAL ARTICLE

variables that could be assessed. Second,
not all patients underwent consistent
diagnostic testing, including procalcitonin
measurement and culture and sensitivity
testing, particularly those receiving
antibiotics in the ‘watch’ and ‘reserve’
categories. This may have affected the
ability to verify bacterial infections. In
some cases, operational definitions of
culture positivity may have included
potential ~ contaminants,  introducing
classification bias. Nonetheless, despite
these limitations, the study offers a
meaningful snapshot of antimicrobial
prescribing practices during a critical
phase of the COVID-19 pandemic.

CONCLUSION

Our study contributes to the growing
evidence of widespread inappropriate
antibiotic use during the COVID-19
pandemic, particularly in ICU settings.
Strengthening antimicrobial stewardship
through real-time prescribing audits,
enhanced diagnostic capabilities, and
guideline-based education is crucial.
National and institutional policies should
prioritize targeted therapy informed
by microbiological data, support the
availability of rapid diagnostics, and
ensure ongoing training for prescribers
to mitigate the long-term impact of
antimicrobial resistance (AMR).
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