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Purpose: Coronavirus disease 2019 (COVID-19) is a new pandemic affecting the respiratory system and caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). In addition to the increased use of antibiotics, the length of stay of hospitalized
patients affects the risk of bacterial infections among the COVID-19 patients. However, this pandemic has interrupted antibiotic
surveillance activity and led to an information gap about the prevalence and characteristics of bacterial infection. This study aims to
describe the antibiotic resistance in COVID-19 patients with culture-proven bacterial infection using a laboratory-based surveillance
approach.

Patients and Methods: A retrospective study with a cross-sectional design was conducted on adult patients that confirmed positive
for COVID-19 according to the International Classification of Diseases 10th Revision (ICD-10). From March 2020 to October 2021,
data were obtained from the hospital information system and merged with the culture and antibiotic susceptibility test from laboratory
information system at Hasan Sadikin General Hospital. The outcome is the prevalence percentage of resistance to selected antibiotics
in patients with COVID-19. The resistance percentage is considered high when equal to or more than 20%.

Results: There was 2786 adult patient confirmed for COVID-19 according to the ICD-10, and 26.3% (n = 733) of them submitted
clinical specimen for culture. The prevalence of bacterial infection among COVID-19 patients was 16.4%, predominating Gram-
negative bacteria (GNB). The respiratory specimen dominated the positive growth culture. The GNB were predominantly discovered
among the respiratory and non-respiratory specimens. High range resistance to ampicillin-sulbactam (24-100%), ceftriaxone (22—
81%), cefotaxime (22—73%) and ciprofloxacin (20-86%) are observed among the GNB.

Conclusion: There is high resistance to fluoroquinolone and cephalosporins in identified isolate, commonly used as the first-line
empirical treatment for respiratory and non-respiratory infection in Indonesia. The continuous antibiotic surveillance is mandatory and
crucial to prevent the long-term effects of the COVID-19 pandemic, particularly bacterial infection.
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Introduction

Coronavirus disease 2019 (COVID-19) is a new respiratory disease declared a pandemic in March 2020, and it is caused
by a strain of coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Furthermore, the pandemic
has spread to many countries.' Starting from March 2020 until beginning of January 2022, there were 317.389.048
positive cases worldwide and 4.262.994 in Indonesia. Meanwhile, 709.204 cases were reported from West Java.? Dr.
Hasan Sadikin General Hospital (RSHS) is a central hospital in this province with a maximum capacity of 1000 bed-
inpatient. During the pandemic, RSHS changed its status to a COVID-19 referral hospital, which received an average of
291 patients per day.
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The clinical presentation of COVID-19 varies from mild to severe and is influenced by patient comorbidities,
including diabetes mellitus and hypertension.3 Previous studies identified problems with hospitalization and antibiotic
usage in managing this virus.*> The hospitalization rate due to this pandemic was as high as 10%, with an average length
of stay (LOS) of 9 days, among those without bacterial infection. However, the high number of hospitalized patients and
LOS contribute to an increased risk of hospital-acquired infections.® The other problem relates to antibiotic abuse during
the COVID-19 pandemic, which affects bacterial resistance. Antibiotics are still prescribed in hospital settings for
various reasons, despite that they are ineffective against the virus. The primary reasons for using antibiotics as an
empirical treatment are the inability to differentiate between COVID-19 and bacterial infections in terms of severity.”*®

Before the pandemic outbreak, the World Health Organization (WHO) identified and designated antibiotic surveil-
lance as one of the primary pillars in the fight against its resistance. The surveillance data are essential for evaluating the
local antibiotic situation and providing evidence for developing the empirical guideline.” However, there is an informa-
tion gap about the prevalence and incidence of bacterial infection and antibiotic resistance among COVID-19 patients. A
surveillance study was conducted in RSHS from March 2020 to October 2021 to describe the antibiotic resistance in a
patient with a culture-proven bacterial infection.

Materials and Methods

Study Design and Patient Population

This retrospective study reviews the list of medical records of patients diagnosed with COVID-19 according to the
International Classification of Diseases 10th Revision (ICD-10) Code U07.1 (COVID-19, virus identified) between
March 2020 and October 2021 at Dr. Hasan Sadikin General Hospital Bandung, Indonesia.

All patients with COVID-19 were extracted from the hospital information system (Sistem Informasi Rumah Sakit
Hasan Sadikin, Bandung, Indonesia) to identify the COVID-19 patient that has been confirmed by laboratory testing
(ICD-10 Code U07.1). Furthermore, the list of confirmed patients merged with data on culture and antibiotic suscept-
ibility from the laboratory information system (HCLAB Micro, Sysmex, Asia Pacific). Available clinical information
from the patient list was obtained, and the patient was selected according to the inclusion and exclusion criteria. The
inclusion criteria were (1) adult patients that are 18 years or above, (2) hospitalized with any degree of COVID-19

severity, '’

and (3) submitted any clinical specimen (urine, blood, sputum, and pus) for culture. Meanwhile, the exclusion
criteria were (1) re-hospitalized patients within the same period and (2) commensal bacterial (e.g. Viridans group
streptococci, Micrococcus sp., Lactobacillus sp., Bacillus sp., Corynebacterium sp.) and fungi that grow on the clinical
specimen. Finally, a hand search was conducted on medical records for information not available in the patient list.
The data on age, gender, type of ward, length of stay, clinical outcome, type of specimen, bacteria name, and
antibiotics susceptibility results were collected for this study. The characteristic data were categorized as age group by

decade, type of ward stratified into intensive and non-intensive, and clinical outcome into survive and non-survive.

Antibiotic Surveillance

Bacterial identification and antibiotic susceptibility testing (AST) were performed using an automatic microbiology
analyzer (Vitek2 Compact, Biomerieux, France). The protocol for bacterial identification follows the WHO and Clinical
and Laboratory Standards Institute (CLSI) guidelines.''™"® According to the CLSI guidelines, the AST result was
validated and interpreted.'® In this surveillance study, an intermediate result of AST was considered as resistant.
WHONET 5.6, a software recommended by the World Health Organization for Surveillance of Antimicrobial
Resistance, was used to obtain the cumulative report of organism and AST.'*'> Furthermore, the surveillance rules
were followed according to the Global Antimicrobial Resistance and Use surveillance system (GLASS) and CLSI
recommendation.'®!” The antibiotics reported in this study were selected based on the American Thoracic Society
Guideline for Pneumonia'® and CLSI guidelines'? for Gram-negative bacteria (GNB) and Gram-positive bacteria (GPB).
Those reported for GNB were cefotaxime, ceftriaxone, ciprofloxacin, and ampicillin/sulbactam. Meanwhile, the anti-
biotics reported for GPB were oxacillin, linezolid, vancomycin, and levofloxacin. Finally, the selected antibiotic
resistance percentage is considered high when equal to or more than 20%."°
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Statistical Analysis

This study determined the prevalence of resistance to selected antibiotics among COVID-19 patients as a percentage of
the number of bacteria tested, stratified by Gram-bacteria type. The patient characteristic data and the cumulative
antibiotic result were summarized as frequencies and percentages using Microsoft Excel 2013 (Microsoft Corp.) and
WHONET 5.6 (WHO Collaborating Centre for Surveillance of Antimicrobial Resistance). Furthermore, the bacteria
distribution graph was drawn using STATA 12.0. (Stata, Texas, USA).

Results

Patient Characteristics

There were 2786 adult patients confirmed to have COVID-19 according to the ICD-10 U7.01, and 26.3% (n = 733) of
them submitted clinical specimens for culture, out of which 62.3% (n = 457) showed positive growth, with 82.9% (n =
379) being dominated by the respiratory specimen. Figure 1 indicates that the prevalence of culture-proven bacterial
infection in COVID-19 was 16.4% (457/2786). From the patient characteristic, 25% (n = 183) of adult admitted to the
hospital was between 51 and 60 years old, with non-intensive ward type (72%, n = 529). Out of the study participants,
73.8% (n = 541) were discharged from the hospital with improved/survive clinical outcomes and a median hospital stay
of 13 days (Table 1).

Bacterial Characteristics

Gram-negative bacteria (GNB) were dominantly discovered among the respiratory and non-respiratory specimens.
Klebsiella pneumoniae (122/148), Acinetobacter baumannii (87/134), and Pseudomonas aeruginosa (38/65) were
commonly identified in the respiratory specimen. Meanwhile, Staphylococcus hominis (10/11) and Staphylococcus
epidermidis (22/39), which were grouped into Coagulase-Negative Staphylococci (CoNS), are the most dominant

Gram-positive bacteria (GPB) isolate among non-respiratory specimens (Figure 2).

COVID-19 patient between March 2020 — Oct 2021
n=3942

Adult, Confirmed COVID-19 through ICD-10 code (U7.01)
n=2786(70.7%)

Submitted culture
n=733(26.3%)

l

Growth No Growth
n=457(62.3%) n=276(37.7%)
I
; }
Respiratory specimen Non-respiratory specimen
n=379(82.9%) n=78(17.1%)

Figure | Study flow chart.
Abbreviations: COVID-19, coronavirus disease 2019; ICD-10, The International Classification of Diseases |0th Revision; n, number of patients.
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Table | Patient Characteristics

Variable Total (n = 733)
n (%)

Age group (years)

18-20 7 1.0

21-30 63 8.6

3140 109 14.9

41-50 138 18.8

51-60 183 25.0

61-70 159 21.7

>70 74 10.1

Gender

Female 322 439

Male 411 56.1

Ward type

Intensive 204 27.8

Non-intensive 529 722

Length of stay (days)

Median (Min-Max) 13 (0-53)

Clinical Outcome

Survive 541 738

Not survive 192 26.2

Antibiotic Resistance Among ldentified Isolates
High range resistance of beta-lactam combination (ampicillin-sulbactam, 24-100%), cephalosporins (ceftriaxone,
22-81%; cefotaxime, 22—73%) and fluoroquinolone (ciprofloxacin, 20—86%) among all the GNB are commonly used

Frequency of Identified Pathogen from Respiratory and Non-Respiratory Specimen

Klebsiella pneumoniae
Acinetobacter baumannii
Escherichia coli

GNB
Pseudomonas aeruginosa
Enterobacter cloacae

Serratia marcescens

Staphylococcus haemolyticus
Staphylococcus epidermidis
GPB Staphylococcus aureus

Staphylococcus hominis

I T T T
0 50 100 150

_ Respiratory _ Non Respiratory

Figure 2 Distribution of identified pathogens from respiratory and non-respiratory specimen. X-axis shows the actual number of isolates identified and Y-axis shows the
name of identified isolate, stratified by Gram-type bacteria.
Abbreviations: GNB, Gram-negative bacteria; GPB, Gram-positive bacteria.
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Table 2 Percentage Resistance of Gram-Negative Bacteria to Selected Antibiotics from Respiratory and Non-Respiratory Specimen

Antibiotic Antibiotic kpn aba eco pae ecl sma
Class Agent

n %R n %R n %R n %R n %R n %R
B-lactam Ampicillin- 148 24 134 82 69 60 65 100 34 100 12 100
combination Sulbactam
B-lactam Piperacillin- 148 9 134 88 69 5 65 15 34 0 12 0
combination tazobactam
Cephalosporin Cefotaxime 148 25 134 - 69 73 65 - 34 22 12 25
Cephalosporin Ceftriaxone 148 25 134 8l 69 75 65 - 34 35 12 22
Cephalosporin Ceftazidime 148 21 134 84 69 29 65 17 34 18 12 22
Cephalosporin Cefepime 148 I 134 87 69 22 65 15 34 5 12 0
Aminoglycoside | Amikacin 148 6 134 44 69 0 65 15 34 0 12 0
Aminoglycoside | Gentamicin 148 19 134 82 69 37 65 18 34 18 12 22
Fluoroquinolone | Ciprofloxacin 148 29 134 86 69 77 65 20 34 25 12 22
Monobactam Aztreonam 148 32 134 - 69 63 65 21 34 22 12 22
Folate pathway Trimethoprim- 148 27 134 57 69 58 65 - 34 31 12 0
antagonist sulfamethoxazole
Carbapenem Meropenem 148 10 134 85 69 2 65 13 34 6 12 0

Abbreviations: aba, Acinetobacter baumannii; ecl, Enterobacter cloacae; eco, Escherichia coli; kpn, Klebsiella pneumoniae; pae, Pseudomonas aeruginosa; sma, Serratia marcescens;
n, number of isolates tested to a certain antibiotic agent; %R, percentage of antibiotic resistance; (-) dash, not tested.

empirically as primary treatment in respiratory and non-respiratory infections. The resistance percentage of carbapenem
(meropenem) among all GNB ranged between 2% and 13%, except for A. baumannii, which has high resistance against
intravenous antibiotics, including carbapenem (meropenem, 85%). Table 2 shows that the prevalence of Extended-
spectrum Beta-lactamases (ESBL) for K. pneumoniae and E. coli were 32% and 63%, respectively. The high resistance to
levofloxacin ranged between 23% and 85%, and it is empirically used as the primary treatment for respiratory infections.
In the CoNS group, resistance to oxacillin as the surrogate marker for identifying Methicillin-Resistance Staphylococci
ranged between 77% and 92% in respiratory and non-respiratory specimens. Meanwhile, the prevalence of methicillin-
resistant Staphylococcus aureus (MRSA) was low, reaching 7%, in all specimens (Table 3).

Table 3 Percentage Resistance of Gram-Positive Bacteria to Selected Antibiotics from Respiratory and Non-Respiratory Specimen

Antibiotic Class Antibiotic Agent shl sep sau sho efm

n %R n %R n %R n %R n %R
Aminoglycoside Gentamicin 46 64 39 25 15 0 I 10 9 -
Lincosamide Clindamycin 46 80 39 58 15 7 I 90 9 -
Macrolide Erythromycin 46 89 39 75 15 15 ] 80 9 100
Fluoroquinolone Levofloxacin 46 84 39 75 15 23 I 80 9 85
Fluoroquinolone Moxifloxacin 46 71 39 58 15 16 11 70 9 -
Oxazolidinone Linezolid 46 2 39 0 15 0 11 10 9 0

(Continued)
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Table 3 (Continued).

Antibiotic Class | Antibiotic Agent shl sep sau efm

n %R n %R n %R n %R %R
Penicillin Oxacillin 46 92 39 77 15 7 I 90 -
Glycopeptide Vancomycin 46 0 39 0 15 0 I 0 0
Folate pathway Trimethoprim- 46 46 39 72 15 7 I 80 -
antagonist sulfamethoxazole

Abbreviations: efm, Enterococcus faecium; sau, Staphylococcus aureus; sep, Staphylococcus epidermidis, shl, Staphylococcus haemolyticus; sho, Staphylococcus hominis; n, number of
isolate tested to certain antibiotic agent; %R, percentage of antibiotic resistance; (-) dash, not tested.

Discussion
In terms of antibiotic resistance, bacterial infection in COVID-19 has become a source of concern and awareness. The
empirical use of antibiotics in the early phase of the pandemic has affected and contributed to the increase in resistance.'
The bacterial infection in this virus was differentiated into co-infection and secondary bacterial infection, but this was
challenging since a similar clinical manifestation was found between bacterial and viral pneumonia.” This study reported
that the overall prevalence of bacterial infection in COVID-19 was 16.4%. Meanwhile, it was reported previously to be
14.3%.* During the observation, it was assumed that secondary bacterial infections likely occurred due to prolonged
hospital stay and complications from SARS-CoV-2 infections. First, as previously reported, the median length of stay in
this study was 13 days, which increased the risk of hospital-acquired infection.?' Second, in COVID-19, the SARS-CoV-
2 virus damages the epithelial cells in the lower respiratory tract, which facilitates pathogenic bacteria to bind to the
epithelial cell in conjunction with mucociliary dysfunction. Bacterial infection inhibits the repair and regeneration of the
epithelial cell. This corresponds to the age group that suffers from the bacterial infection in this study, which was shown
to be between 51 and 70 years. The decline in the function of the immune and respiratory system in adults, together with
dysbiosis of respiratory microbiota, is a risk that facilitates the occurrence of bacterial infection in COVID-19.7%%
The Gram-negative bacteria (GNB), including K. pneumoniae, A. baumannii, P. aeruginosa, and E. coli, were
dominantly identified in the respiratory and non-respiratory specimens from the COVID-19 patient. The previous
study in the UK, Korea, and China showed similar results, indicating that GNB was the superior bacterial infection
etiology among hospitalized patients.**** Before the pandemic, K. pneumoniae, A. baumannii, P. aeruginosa, and E.
coli were listed as critical pathogens for antimicrobial resistance awareness, particularly carbapenem-resistant and third-
generation cephalosporin-resistant.”> The study result shows high resistance to third-generation cephalosporin (cefotax-
ime, ceftriaxone) in K. pneumoniae, A. baumannii, E. coli, and carbapenem in A. baumannii. As previously stated, it is
believed that the length of hospitalization, resulting in additional bacterial illnesses, is to blame for this similarity to the
situation before the pandemic.?® Carbapenem-resistant A. baumannii (CR-Ab) should also be of concern. The previous
study has reported poor clinical outcomes in patient management, especially in intensive care units.'*'**® Additionally,
the presence of these bacteria is related to a history of prolonged antibiotic use or treatment failure.*'” The practice of
frequent and prolonged use of antibiotics, particularly fluoroquinolone and third-generation cephalosporin, in Indonesian
hospital settings has been identified and reported in the previous studies.”® Therefore, our study notes the limited choice
of antibiotics that can be used empirically as an early treatment for bacterial infections in COVID-19. The resistance
condition also applies to Gram-positive bacteria (GPB), of which high resistance among selected antibiotics was tested to
Coagulase Negative Staphylococci (CoNS). The previous study indicates that CoNS should be considered because it can
mediate resistance to S. aureus, particularly in immune-compromised, hospitalized, and elderly patients.”’ However, the
presence of Methicillin-resistant Staphylococcus aureus was low (below 10%) among the study population. However,
this finding of high resistance isolate (GNB and GPB) in COVID-19 also indicates poor environmental control, such as
poor hand hygiene, and poor infection control practices. During the COVID-19, the use of personal protective equipment

for health workers has caused cross-contamination among hospitalized patient and affect to the nosocomial infection.”’
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There are several limitations in this study. First, we experience selection bias for bacterial culture in COVID-19. As
previously mentioned, the selected specimen submitted only for severe cases was a potential bias for laboratory
surveillance.>*? Therefore, since the laboratory-based surveillance approach is being used, this potential issue seems
unavoidable. Second, there is a limited number of certain isolates (eg, Serratia marcescens, Enterococcus faecium).
However, due to the emergence of the bacterial infection in COVID-19 and the limited information available, particularly
in Indonesia, it is still permissible to report a small number of isolates with careful interpretation. Third, due to the rapid
progression of the virus and limited information among the included patient, the bacterial infection could not be stratified
according to disease severity, type of infection (eg, hospital-acquired infection and bacterial superinfection) or patient
management (eg, using mechanical ventilation or not).

Bacterial infection in COVID-19 has become a present and future awareness priority. The abuse of antibiotics, the
growth in hospitalized patients with extended stays, and the increased risk of hospital-acquired illnesses have proven to
be significant contributors to the rise in the resistance to bacterial infections. Continuing the deployment of antimicrobial
surveillance is obligatory and essential; hence, it can assist in managing the trend of hospital antibiotic usage and
establishing guidelines based on locally accessible data.

Conclusion

The prevalence of bacterial infection among COVID-19 patients was 16.4%, with Gram-negative bacteria predominating.
The detected isolates were highly resistant to fluoroquinolones and cephalosporins, routinely used as first-line empirical
treatments for respiratory and non-respiratory infections in Indonesia. Furthermore, the continuous monitoring of
antimicrobial resistance with proper surveillance methods is mandatory and essential to prevent the long-term effect of
the COVID-19 pandemic, particularly bacterial infection.
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