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Abstract

Background: Antibiotics are given to COVID-19 patients to treat bacterial co-infections, but excessive and
inappropriate antibiotic use can increase antibiotic resistance. Objective: The study aims to analyze the
antibiotic use and bacterial susceptibility in COVID-19 patients at a hospital in Sidoarjo - East Java. Method:
The research design used was a prospective cross-sectional study using data collection of sputum culture,
bacterial susceptibility, medical records, and Pharmacy antibiotics usage from August to October 2021. The
Research sample is moderate-to-severe COVID-19 patients. Result: The results showed that in August-October
2021, 32 patients met the study sample category, where the most were men (56.25%), age range 46-55 years
(31.25%), and outcome recovered as much as 81.25%. The culture results showed that only 1 (one) person out of
32 samples had bacterial growth. The only bacteria that grew in the sputum culture was Enterobacter aerogenes,
susceptible to meropenem but resistant to levofloxacin. The highest quantity of antibiotics in this study was
levofloxacin 71,16; meropenem 32.25; moxifloxacin 21.84 DDD/ 100 bed days. Conclusions: Most of the cases
of COVID-19 occurred in men; the age range was 46-55 years, and the outcome recovered was more than those
who died. Bacterial co-infection occurred in 3.12% of patients who received meropenem and levofloxacin during
their hospitalization. The largest quantity of antibiotics used was levofloxacin, meropenem, and moxifloxacin.
The combination of meropenem and levofloxacin should be re-evaluated because levofloxacin is resistant but
still susceptible to meropenem.
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INTRODUCTION

Severe Acute Respiratory Syndrome Corona Virus
2 (SARS-CoV-2) infection causing current health
problems. The World Health Organization (WHO)
officially declared the infection as Corona Virus
Disease 2019 (COVID-19)in February 2020 (Hu et al.,
2021, Wang et al., 2020). COVID-19 is the third
pandemic in the 21% century caused by the Corona
Virus, with the highest mortality rate (Khan et al.,
2021).

The SARS-CoV-2 infection causes various
symptoms, such as anosmia, hyposmia, dysgeusia,
shortness of breath, dry cough, fever, and weakness.
The majority of symptoms occur in the respiratory
tract, and radiology examination showed bilateral
pneumonia. Other manifestations that occur in
COVID-19 include complications in the heart,
gastrointestinal, liver, peripheral, and central nerves
(Wang et al., 2020; Tsatsakis et al., 2020). The
symptoms generally occur in COVID-19 patients, but it
should be noted that some people have no symptoms
(Setiadi et al., 2020).

SARS-CoV-2 infection was first identified in
Wuhan China. The virus has spread not only in China
but also to other countries around the world. The cases
of COVID-19 continue to increase every day, WHO
data until April 11, 2021, shows this pandemic has
spread to more than 200 countries around the world
with the number of confirmed cases having been
infected by this virus as many as 135,057,587 cases
and 2,919,932 deaths. The highest cases occurred in
America, with 58,025,495 cases and 1,405,254 deaths.
In Asia, the number of confirmed cases was
16,177,826 cases and 228,385 deaths.1,437,283
confirmed cases were reported on March 17, 2021, in
Indonesia, making Indonesia the country with the
highest number of cases in Southeast Asia. Based on a
map of the distribution of cases per province in
Indonesia, East Java province, as of March 14, 2021,
was in the top fourth rank after DKI Jakarta, West
Java, and Central Java, with the number of confirmed
cases in East Java of 134,595 cases. At the district/ city
level, Sidoarjo district ranks second with the highest
number of cases in East Java after Surabaya, with
10,481 cases (WHO, 2021; Satgas COVID-19, 2021).

Curative steps for infected patients need to be
carried out optimally, although until now, there is no
recommendation of drugs and vaccines that have been
approved as prophylaxis or treatment of COVID-19
because they are still in the clinical trial stage (Neldi et
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al., 2020). Therapy is based on pre-existing therapies
taking into account the pathogenesis of COVID-19
(Cao et al., 2020). The therapy is expected to reduce
the Case Fatality Rate (CFR) in Indonesia. Until now,
there is no COVID-19 drug that has received a
distribution permit from the National Agency of Drug
and Food Control of Indonesia (BPOM). BPOM is still
issuing approval for emergency use authorization
(EUA) which is expected to increase the cure rate and
reduce mortality in COVID-19 patients.

Bacterial co-infection is common in viral
infections and a significant reason for morbidity and
mortality, but much information is still unknown
regarding the incidence of co-infection in COVID-19
patients (Mahmoudi, 2020). One therapy often given to
COVID-19 patients is antibiotics to treat co-infection
or secondary bacterial infections. In a systematic
review of 24 studies involving 3,338 COVID-19
patients who were evaluated for acute bacterial
infection, 71.9% of patients received antibiotic
treatment, although 3.5% were identified as having co-
infection and 14.3% of secondary bacterial infections
(Langford et al., 2020). Other studies related to the use
of antibiotics in COVID-19 patients were performed on
340 patients, where 43 patients (12.46%) had
secondary bacterial infection with Klebsiellasp
(25.59%), Methicillin-sensitive staphylococcus aureus
(MSSA) (20.93%), Escherichia coli (16.28%),
methicillin-resistant staphylococcus aureus
(MRSA)(13.95%), Enterobacter sp  (11.63%),
Streptococcus pneumonia (2.32%) and Pseudomonas
aeruginosa (9.30%). The result of the study showed
that Enterobacteriaceaeisolates from COVID-19 had
the highest resistance to cotrimoxazole (74%),
piperacillin  (67.5%), ceftazidime (47.5%), and
cefepime (42.5%). Data shows that excessive use of
antibiotics in the COVID-19 pandemic can pose a risk
of multi-resistant bacteria (PDPI et al., 2020). All
isolates showed susceptibility to amikacin (100%), and
the rate of resistance to oxacillin, erythromycin, and
clindamycin was more than 90% (Mahmoudi, 2020).
Other risks that can occur when excessive and
irrational use of antibiotics are drug toxicity, super-
infection risk, prolonged length of stay, and increased
cost of treatment (Alldredge et al., 2013; Suda et al.,
2014).

Antibiotic resistance is a major problem in human
development and a threat to health, affecting the ability
to fight several infections (WHO, 2018). One of which
is the implementation of an antimicrobial resistance
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control program (PPRA) in hospitals must be aware of
antimicrobial resistance control. Evaluation of the
implementation of PPRA is carried out through an
evaluation of antibiotic use (quantity and quality audit)
and monitoring of the emergence and spread of
resistant microbes through surveillance of resistant
microbes (Kemenkes, 2015).

Standardized methods are required to assess and
compare antibiotic use, which is done quantitatively
using the anatomical therapeutic chemical (ATC)
method for classifying drugs and the defined daily dose
(DDD) method for measuring drug use based on WHO
recommendations. This method can be used to compare
the number of drugs between hospitals and countries
(WHO, 2016). A retrospective study in Spain
comparing antibiotic use before and during the
COVID-19 pandemic using the ATC DDD method
resulted in an increase in antibiotic consumption,
especially in the intensive care unit (ICU). The rise in
the consumption of these antibiotics was in the
daptomycin, carbapenem, linezolid, ceftaroline, novel
cephalosporin/ beta-lactamase inhibitor, or triazole
groups during April — May 2020. Several antibiotics
that experienced a significant increase were
ceftriaxone, carbapenem, daptomycin, azithromycin,
and linezolid (Grau et al., 2021).

Given the lack of information related to antibiotic
use in COVID-19 patients, further research is needed
to analyze the antibiotic use, the bacterial isolate in
sputum samples, and antibiotic susceptibility in
moderate-severe COVID-19 patients. This research
was conducted at a Hospital in Sidoarjo regency, a
national COVID-19 referral hospital that has treated
patients with indications of COVID-19 with or without
comorbidities.

MATERIAL AND METHODS
The research method used was a prospective cross-
sectional study. Data were taken from data collection
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of sputum culture, bacterial susceptibility, medical
records, and antibiotics usage from the Pharmacy from
August — October 2021.

The population in this research were COVID-19
patients who were hospitalized in the COVID-19
isolation ward at Sidoarjo Regional General Hospital
from August to October 2021. All patients were
laboratory-confirmed positive by using RT-PCR. The
sample is the population that meets the inclusion and
exclusion criteria. The inclusion criteria in this study
were all adults (>18 years old) and moderate-to-severe
COVID-19 patients. The exclusion criteria were
patients referred to another hospital and pregnant and
lactating patients. Sampling was carried out using the
consecutive purposive sampling method, where all
COVID-19 patients who came and met research
criteria according to the research objectives were
included in the study until the required number of
subjects was met for data analysis. The sample size in
this study is the entire sample that meets the criteria,
with a minimum sample of 30 (Gay et al., 2012).

Data analysis was carried out descriptively in the
form of an overview of bacterial isolates in sputum
samples, antibiotic susceptibility, the profile of
COVID-19 patients based on therapeutic outcomes
during hospitalization, and measuring the antibiotic use
using the ATC DDD/ 100 patients bed day method.
This research has received ethical approval from the
Health Research Ethics Commission of the hospital in
the Sidoarjo district with no 893.3/017/438.6.7/2021.

RESULTS

About 32 COVID-19 patients met the inclusion
criteria of the study. The sample was taken with a
sputum specimen during hospitalization in the isolation
ward for culture examination. The demographic
features of moderate-severe COVID-19 patients
according to Table 1.

Table 1. Demographic Features

Variable total Percentage (%)

Gender

Male 18 56.25
Female 14 43.75
Age

18-25 2 6.25
26-35 3 9.375
36-45 6 18.75
46-55 10 31.25
56-65 6 18.75
> 65 4 12,5
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n Therapeutic Outcome

. Percentage
Therapeutic Outcome Total %)
Recovered 26 81,25
Died 6 18,75
Total 32 100

Table 3. Culture and Isolated Bacteria

Sputum Culture of Bacteria Total Percentage (%)
Negative 31 96.875
Positive 1 3.125
Total 32 100
Bacteria Isolated
Enterobacteraerogenes 1 100
Total 1 100
Table 4. Antibacterial Susceptibility
Enterobacteraerogenes
ATC Code Antibiotic N (1)
JO1CAO01 Ampicillin R
JO1CRO1 Ampicillin/Sulbactam R
JO1CRO05 Piperacillin/Tazobactam S
JO1DB04 Cefazolin R
J01DD02 Ceftazidime S
Jo1DDO04 Ceftriaxone S
JO1DEO1 Cefepime S
JO1DFO1 Aztreonam S
JO1DHO3 Ertapenem S
JO1DHO02 Meropenem S
JO1GBO06 Amikacin S
JO1GBO03 Gentamicin S
JOIMAO02 Ciprofloxacin S
JO1AA12 Tigecycline S
JO1XEO1 Nitrofurantoin R
JO1EEO1 Trimethoprim +Sulfamethoxazole S
JOIMA12 Levofloxacin R

Noted: N = total isolate, R=Resistant, S=Susceptible

Patient profile based on therapeutic outcome

The sample was categorized based on the
therapeutic outcome (recovered or died) during
hospitalization. According to Table 2. the number of
patients recovered was 81.25%and the rest died
(18.75%).
Culture and isolation of bacteria

Sputum cultures were obtained from 32 COVID-
19 patients. The sputum specimen was then cultured on
blood agar and MacConkey agar plates and then
incubated for 18-24 hours at 37°C. One positive culture
(3.125%) was obtained, and then the isolated bacteria
was identified using the standard microbiological
method. The bacteria isolated from sputum culture was
Enterobacteraerogenes, as shown in Table 3.
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Data analysis

Analysis of drug use and drug costs using ABC
analysis, where group A with 70%, group B with 20%
and group C with 10% of the total drug usage or drug
cost.
Antibacterial susceptibility

Isolated bacteria were tested for antibacterial
susceptibility based on CSLI M100-S24.2The results
of antibacterial susceptibility as shown in Table 4.
Suitability of antibiotic use based on antibacterial
susceptibility results

The patient with positive sputum culture
Enterobacteraerogenes had received the combination
of levofloxacin 750 mg/24h and meropenem 1 gr/8h
antibiotics during hospitalization. Based on the
susceptibility results, as shown in table 5, levofloxacin
is not suitable, but the use of meropenem is suitable, so
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the use combination of meropenem and levofloxacin
antibiotics could be overcoming the bacterial infection.
Analysis of antibiotic use based on ATC DDD/100
patient bed days method

During the period August - October 2021, it was
found that all samples received antibiotics. The
antibiotics were then categorized based on the ATC
code recommended by WHO so that 11 groups of
antibiotics were obtained. The calculation results of
DDD/100-bed days areshown in Table 6.

DISCUSSION

The demographic data showed that the number of
males (56.25%) more than females (43.75%), which is
according to a study in China that 52% of COVID-19
patients were male as well as a study from Europe
which also showed that 72% were male (Jin et al.,
2020; Raimondi et al., 2021). The more significant
number of males indicates that males experience more
severe illness and higher mortality than females (Jin et
al., 2020). The difference in the number and severity of
males being greater than females in COVID-19 cases
could be due to comorbidities and several high-risk
behaviours such as smoking by men (Cheng et al.,
2021). In addition, the expression of Angiotensin-
Converting Enzyme 2 (ACE-2) in males is more
significant than in females because of different sex

hormones, so males are more easily infected with
COVID-19 and have poorer clinical outcomes.
However, the relationship between ACE_2 and
COVID-19 mortality still needs to be reviewed because
other studies have shown that the presence of ACE-2
can protect against organ damage (Biswas et al., 2021).

The highest incidence of COVID-19 in this study
occurred at the age of 46-55 years (31.25%), where this
age was included in the early elderly category
(Kemenkes, 2020). This data is slightly different from
other research in that the median incidence of COVID-
19 is mainly at 62 years (late elderly) (Jin et al., 2020).
COVID-19 could occur at any age, but those aged > 50
years have a significantly higher risk of death (Biswas
et al., 2021). Elderly patients face a greater risk of
worsening because there will be changes in the body's
physiology and the presence of comorbidities. The
elderly have natural immunity that decreases with
aging, affecting the adaptive and innate immune
systems to control viral infection, making them more
susceptible to infection (Leng et al., 2010). The elderly
are also more vulnerable to unwanted effects from
drugs used to treat comorbidities (Lavan et al., 2016).
Moderate-severe COVID-19 patients who recovered in
this study were 81.25 %, slightly different from another
study in that the number of recovered patients in all
categories was 96.50 % (Jin et al, 2020).

Table 5. Antibiotics Suitability Based on Antibacterial Susceptibility Results

No Antibiotic Antibacterial Susceptibility Result Suitability
1 Levofloxacin Resistant Not suitable
2 Meropenem Susceptible Suitable
Table 6. DDD/100 Bed Days COVID-19 patients
No Antibiotic ATC code Route of DDD WHO DDD/ 100 Bed
Administration Standard Days
1 Levofloxacin JO1IMA12 Parenteral 0.5 71.1604
2 Meropenem JO1DHO02 Parenteral 3 32.2526
3 Moxifloxacin JO1IMA15 Parenteral 0.4 21.8430
4 Ceftazidime J01DD02 Parenteral 4 8.9590
5 CefoperazoneSulbactam  J01DD62 Parenteral 4 3.0717
6 Azithromycin JO1FA10 Parenteral 0.5 2.9010
7 Ceftriaxone J01DD04 Parenteral 2 0.1706
8 Amoxicillin and Beta- JO1CRO2 Parenteral 3 0.1138
Lactamase Inhibitor
9 Metronidazole JO1XDO01 Parenteral 15 0.1138
10 Azithromycin JO1FA10 Oral 0.3 4.5506
11 Trimethoprim- JO1EEOQ1 Oral NA -

sulfamethoxazole
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Radiology finds that COVID-19 patients are often
characterized by the presence of pneumonia that is
difficult to distinguish between bacterial or viral
causes, so clinicians provide antibiotic therapy. In this
study, all subjects received antibiotic therapy. In
COVID-19 patients, antibiotic therapy is generally not
recommended unless bacterial pneumonia is proven.
Giving antibiotics to COVID-19 patients must be
careful because they have the potential for excessive
use in the COVID-19 pandemic era, which can become
a global threat to the increase in the incidence of multi-
resistant bacteria (Alldredge et al., 2013).In patients
with the possibility of bacterial pneumonia, antibiotic
therapy with first-line empirical antibiotics can be
given, daily re-evaluation is carried out, and if there is
no evidence of bacterial infection, then de-escalation or
discontinuation of antibiotics is carried out.55
Therapeutic guidelines for CAP (Community-Acquired
Pneumonia), which is not severe, the recommended
therapy regimen is a combination of beta-lactam +
macrolide or a single respiratory fluoroquinolone. In
contrast, for patients in the severe category, beta-
lactam + macrolide/ beta-lactam + respiratory
fluoroquinolone can be used (Joshua et al., 2019).
Fluoroquinolones, carbapenems, protein synthetase
inhibitors, cephalosporins, beta-lactams,
metronidazole, and cotrimoxazole were the antibiotics
used by the patients in this study. The group that was
mostly used was fluoroquinolones, followed by
carbapenems. The fluorogquinolones used in COVID-19
patients in this study were moxifloxacin or
levofloxacin, while the carbapenem group used
meropenem. Fluoroquinolones are a group of
antibiotics that have a broad  spectrum.
Fluoroquinolones have the potential as antivirals to
suppress the replication of multiple positive-sense
viruses and single-stranded RNA viruses such as
dengue virus, zika virus, rhinovirus, and hepatitis C
virus, presumably through the mechanism of
interference with viral entry and viral helicase
inhibition. A study was conducted to determine the
antiviral potential of fluoroquinolones (enoxine,
ciprofloxacin, levofloxacin, and moxifloxacin) and
yielded data that these fluoroquinolones are not
suitable antivirals for COVID-19 (Scroggs et al.,
2020). Patients in this study also received meropenem
which is generally combined with fluoroquinolone.
The administration of  fluoroquinolones  and
meropenem is by the therapeutic guidelines, but the
administration is only for bacterial pneumonia.
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Evaluation of the antibiotics utilization quantitatively
was then carried out using the method recommended
by WHO, namely ATC DDD/100 bed days. The
DDD/100 bed days of antibiotic treatment calculation
in moderate-to-severe COVID-19 patients from August
to October 2021 obtained a total result of 145.1365
DDD/100 bed days. Levofloxacin is an antibiotic with
the highest value, 71.16 DDD/bed days, followed by
meropenem 32.25 and moxifloxacin at 21.84 DDD/100
bed days. This study is similar to a study that analyzed
the antibiotics utilization with the ATC DDD/ 100 bed
days method in the early COVID-19 pandemic where
there was the wuse of beta-lactam antibiotics
(ceftriaxone,  carbapenems, cephalosporins/beta-
lactamase inhibitors) and azithromycin in a hospital
(Gay et al., 2012). Another study stated that the most
antibiotics given to COVID-19 patients were
azithromycin, levofloxacin, and ceftriaxone, with the
value of DDD/bed days respectively 48.12; 44.01; and
21.13 DDD/ 100 bed days (Putra et al., 2021). Sputum
cultures of COVID-19 patients were carried out on
research samples and observed bacteria growing to
determine the possibility of bacterial co-infection in
patients. From the total sample of the study, 32
specimens of sputum were obtained, but only one
specimen (3.125%) experienced bacterial growth. The
bacteria that grew in the sputum specimen was
Enterobacteraerogenes.  Enterobacteraerogenes  is
commonly found in the human gastrointestinal tract
and does not cause health problems in healthy humans
(Bains et al., 2020). This bacteria was found in
COVID-19 patients in another research (Catano-correa
et al., 2021). Based on the percentage of samples
containing bacteria in the sputum of COVID-19
patients, the bacterial co-infection in this study was
3.125%, where the results were not different from
existing meta-analysis studies, namely the incidence of
co-infection in COVID-19 patients was 3.5% (PDPI et
al 2020). Other bacteria were not found in the other 31
sputum because the infection was caused by the covid-
19 virus without bacterial co-infection. The covid-19
virus is the cause of pneumonia experienced by
patients. Administration of antibiotics for COVID-19
patients requires further review because COVID-19
infection is caused by a virus, not bacteria, unless the
patient has a bacterial co-infection. This low proportion
of bacterial co-infections in COVID-19 patients
indicates that antibiotics are not appropriate for
COVID-19 patients unless it is proven that the patient
has bacterial co-infection.
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In this study, isolate that were positive
experienced bacterial growth and then tested for
antibiotic susceptibility. The results of these tests
revealed various types of data susceptibility and
resistance. Piperazine/tazobactam, ceftazidime,
ceftriaxone,  cefepime,  aztreonam, ertapenem,
meropenem, amikacin, gentamicin, ciprofloxacin,
tigecycline, and trimethoprim + sulfamethoxazole were
all effective against the isolate. At the same time, the
isolates showed resistance to the antibiotics ampicillin,
ampicillin-sulbactam, cefazolin, nitrofurantoin, and
levofloxacin. The research samples were taken from
the sputum, and the isolates experienced the growth of
Enterobacteraerogenes bacteria in this study, receiving
antibiotic levofloxacin 750 mg and meropenem 1 gr.
Based on the antibiotic sensitivity test data, the use of
meropenem was appropriate because the isolates still
showed susceptibility to the antibiotic, but not for the
benefit of levofloxacin because the isolates showed
resistance to the antibiotic. Although the results of the
susceptibility test of levofloxacin are resistant bacteria,
the bacterial co-infection in this patient can still be
overcome by meropenem, where meropenem is a
broad-spectrum antibiotic group and is still susceptible
based on the results of the bacterial sensitivity test.

Based on the culture and bacterial susceptibility
test results, which were only obtained from 1 (one)
research sample, other studies related to bacterial co-
infection in COVID-19 patients are needed as
comparison material.

CONCLUSION

Most of the cases of COVID-19 occurred in men;
the age range was 46-55 years, and the outcome
recovered was more than those who died. Bacterial co-
infection occurred in 3.12% of patients, where they
received meropenem and levofloxacin during their
hospitalization. The most significant quantity of
antibiotics used was levofloxacin, meropenem, and
moxifloxacin. The combination of meropenem and
levofloxacin  should be re-evaluated because
levofloxacin is resistant but still susceptible to
meropenem.
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