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Purpose: The coronavirus disease (COVID-19) outbreak has created a global health crisis. Secondary pulmonary bacterial infection is
a COVID-19 complication, increasing morbidity and mortality. This study aimed to determine the pathogens, antibiotic susceptibility
patterns, and risk factors for mortality in hospitalized COVID-19 patients.
Patients and Methods: This retrospective study used secondary data from patients’ electronic medical records at Hasan Sadikin
General Hospital and Santo Borromeus Hospital between March 2020 and March 2021. Overall, 2230 hospitalized COVID-19 patients
were screened, and 182 of them who were hospitalized ≥48 hours with a procalcitonin level of ≥0.25 ng/mL were enrolled. Culture
examination was performed on sputum samples to determine pathogen and antibiotic susceptibilities. Univariate and multivariate
analyses were used to determine mortality-related risk factors in hospitalized COVID-19 patients.
Results: The prevalence of secondary pulmonary bacterial infections in COVID-19 patients was 8.2%, with 161/182 pathogen growth
from sputum samples. Mainly gram-negative bacteria (64.8%) were present, including Acinetobacter baumannii (31.9%), Klebsiella
pneumoniae (19.8%), and Pseudomonas aeruginosa (8.8%). High rate of multidrug-resistant (MDR) pathogens was found among
isolate (45.9%), ie carbapenem-resistance A.baumannii (CR-Ab) was 84.2%, extended-spectrum β-lactamase (ESBL) among
K. pneumoniae was 61.1%. Secondary infection of MDR pathogens was associated with a higher risk of mortality (AOR 5.63, p =
0.001). Other associated factors were age ≥60 years, ventilator use, and female gender.
Conclusion: Gram-negative bacteria are the predominant pathogens causing secondary pulmonary bacterial infection in COVID-19
patients, implying nosocomial infection. High resistance to first-line antimicrobial drugs was observed in Gram-negative bacteria and
Gram-positive bacteria. High rate of MDR pathogens was found among isolate and was associated with a significant risk of mortality.
Keywords: COVID-19, secondary pulmonary bacterial infection, antibiotic susceptibility, MDR pathogens, West Java, Indonesia

Introduction
The outbreak of coronavirus disease (COVID-19) has created a global health crisis and has become the largest pandemic
in human history. From December 31, 2019, until mid-November 2021, a total of 257,904,476 COVID-19 cases have
been reported, including 5,163,335 COVID-19-associated deaths.1 A high mortality rate was reported early in the
pandemic, with nearly 36% of patients dying between January and February 2020 in China,2 and previous studies in
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Indonesia reported an overall mortality of 9.4%3 and 12%.4 Mortality has been associated with older age, pre-existing
comorbidities, disease severity, admission to the intensive care unit (ICU), and ventilator use.5–8 In addition to the risk
factors mentioned, secondary pulmonary bacterial infection has been identified as a common complication of viral
respiratory infection, which increases morbidity and mortality.5,9

A similar pattern was observed in previous viral pandemics. The 1918 Spanish flu pandemic resulted in 50 million
deaths worldwide, with the majority of deaths attributable to secondary bacterial pneumonia.9,10 During the 2009 H1N1
pandemic, secondary bacterial infections were detected in 18–34% of influenza cases, with incidence peaking at 1 week
after influenza infection.11,12 Studies conducted in China,13 Hong Kong,14 and Mexico15 reported that bacterial secondary
infections in COVID-19 patients were observed only in 6–12% of patients. One meta-analysis of COVID patients from
2019 to April 2020 also showed the overall proportion of bacterial infection in COVID patients was 6.9% (95% CI 4.3–
9.5%), with a higher proportion being observed in critically ill patients.16

However, early in the pandemic, empiric treatment for bacterial secondary infections in hospitalized COVID-19
patients was common, especially with penicillin and macrolide agents, which were recommended as first-line treatments
for community-acquired pneumonia.17–19 A meta-analysis showed that 71.9% of patients hospitalized with COVID-19
before mid-April 2020 received antibiotics.16 Improper administration of antibiotics will increase antibiotic resistance,
which, in turn, will increase mortality in COVID-19 patients. Secondary bacterial pulmonary infections need to be
recognized and treated effectively to reduce antibiotic resistance, which is increasing at an alarming rate.16,20 Previous
studies in Brazil analyzed bacterial infections in patients with severe COVID, and already reported multi-drug resistance
was present in 96% of A. baumannii and 57% of K. pneumoniae that were associated with longer ICU stay, mechanical
ventilation use, and higher mortality.21 Currently, there are limited studies on secondary infections and antimicrobial use
in COVID-19 patients in Indonesia. Therefore, this study aimed to determine the pathogens of secondary pulmonary
bacterial infection, antibiotic susceptibility, and risk factors for mortality in COVID-19 patients admitted in two referral
hospitals in West Java, Indonesia.

Methods
Study Design and Participants
This retrospective study used secondary data extracted from the medical records of hospitalized patients with confirmed
COVID-19 between March 2020 and March 2021. This study was carried out at two referral hospitals in Bandung: Hasan
Sadikin Hospital, a public hospital with 944 inpatient services, and Santo Borromeus Hospital, a large private hospital
with 394 inpatient services. Both hospitals included nearly 70 ICUs. Patients with confirmed COVID-19 were identified
based on clinical signs and symptoms and the detection of severe acute respiratory syndrome coronavirus 2 in
polymerase chain reaction assay.

We enrolled confirmed COVID-19 patients with secondary bacterial infection, defined as confirmed COVID-19
patients aged >18 years old and a procalcitonin (PCT) level of up to ≥0.25 ng/mL at 48 hours or more during
hospitalization. Patients with other conditions, such as human immunodeficiency virus, acquired immunodeficiency
syndrome, pregnancy, autoimmune diseases, malignancy, and urinary tract infection, were excluded from the study.

Data Collection
Data were extracted by two authors and cross-checked by another author. Data were extracted from medical records
and kept anonymous. Data on the following variables were extracted: age, sex, body mass index, comorbidity,
severity, oxygen support, laboratory findings, antibiotic history, and outcome. Pathogen and antibiotic susceptibility
data from sputum cultures were also collected. Sputum culture data used in this study were the first sputum cultures
obtained from the patient. Sputum samples in which epithelial cells were more than 10 cells per large visual field
regardless of the number of leukocytes were not processed for culture.22 Bacterial and fungal identifications were
performed in the microbiology laboratory of each hospital using the Vitek 2 Compact platform (BioMerieux, Marcy
L’Etoile, France). Antimicrobial susceptibility testing for bacterial and fungi was performed using Minimum-
Inhibitory Concentration (MIC) using the Vitek platform and reported according to the Clinical and Laboratory
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Standards Institute (CLSI) guideline 2020 (M100 and M60). The antimicrobial susceptibility (AST) results were
interpreted as susceptible, intermediate, or resistant according to the CLSI breakpoint. We also used the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoint, if the breakpoint of certain antimicrobial
drugs was not available at CLSI. An intermediate test result was considered resistant. A cumulative AST report was
generated using WHOnet software, according to the World Health Organization (WHO) Global Antimicrobial
Resistance and Use Surveillance System (WHO GLASS) recommendation.23 Susceptibility results of cumulative
AST were reported as the number of isolates tested and percentage.

All statistical analyses were performed using IBM SPSS, version 26.0 (SPSS, Chicago, Illinois, USA). Variables
associated with mortality in the hospitalized patients were analyzed using univariate and multivariate logistic regression
models, with p-values of <0.05 considered statistically significant.

Definition
Secondary bacterial infection was defined as a PCT level of up to ≥0.25 ng/mL at 48 hours or more during hospitaliza-
tion. Hypertension was defined as a blood pressure of ≥140/90 mmHg.24 Obesity was defined according to the WHO's
proposed classification of weight in adult Asians, that is, a body mass index of ≥25 kg/m2.25 Type 2 diabetes mellitus was
defined as a fasting plasma glucose level of more than 126 mg/dL (7.0 mm/L) or HbA1C ≥6.5.26 Chronic kidney disease
was defined as either kidney damage or a decreased glomerular filtration rate of <60 mL/min/1.73 m2 for at least 3
months.27 MDR pathogens are defined as pathogens that acquire non-susceptibility to at least one agent in three or more
antimicrobial categories.28 Severe COVID-19 was defined as oxygen saturation below 90% at room air, or respiratory
rate of >30 breaths/min, or partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ratio <300, and/or lung
infiltrates >50% within 24–48 hours.29,30

Ethical Considerations
This study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of Hasan Sadikin Hospital and Santo Borromeus Hospital (ethics approval number LB 02.01/X.6.5/83/2021,
May 12, 2021, and 014/KEPK/VI/2021, June 3, 2021). Informed consent was not required for this secondary use of
medical data; thus, the need for written patient consent was waived by the ethics committee.

Results
In this study, we screened 2230 confirmed COVID-19 patients and enrolled 182 confirmed COVID-19 patients with
secondary infection (Figure 1). The prevalence of secondary pulmonary infections was 8.2% (182 of 2230 patients). The
baseline patient characteristics are presented in Table 1 and Supplementary Table 1.

Median patient age was 60 years (range–46–69 years). Most of the patients were male (64.3%). Comorbidities were
present in more than half of the patients (76.9%), with hypertension being the most prevalent (47.8%), followed by obesity
(45.6%) and type 2 diabetes mellitus (35.2%). The increase in PCT levels mostly occurred on the sixth day of hospitalization,
with the levels ranging from 0.67 ng/mL to 4.39 ng/mL (median: 1.27 ng/mL). Seventy COVID-19 patients (38.5%) received
empirical antibiotics, while the remaining 112 patients (61.5%) did not. The most commonly used antibiotics were third-
generation cephalosporins (38.5%), fluoroquinolones (37.9%) and carbapenems (18.1%). The length of hospital stays for
COVID-19 patients with secondary pulmonary infections, ranged from 9 to 18 days, with a median of 13 days. The mortality
rate of COVID-19 patients with secondary pulmonary infection was as high as 48.4%.

Bacterial growth had a predominance of gram-negative bacteria (64.8%), whereas the growth of gram-positive
bacteria was 9.3%, and fungal growth was 8.7%. The three most common gram-negative bacteria were A. baumannii
(31.86%), K. pneumoniae (19.78%), and P. aeruginosa (8.79%) (Table 2). MDR strains were found in 74 out of 182
(40.5%) pathogens of secondary pulmonary infection in this study. More than half of A. baumannii and coagulase-
negative Staphylococcus were found to have MDR strains, followed by P. aeruginosa (43.7%). Ventilator-acquired
pneumonia was particularly related to gram negative bacterial infections. Half of which were caused by infections of
A. baumannii and 13.1% were caused by K. pneumoniae infections (Table 2).
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High resistance to antimicrobial drugs (≥80%) that are used as the first-line treatment (fluoroquinolone, cephalos-
porin) for bacterial pneumonia was observed among gram-negative bacteria. This also indicates the MDR-organisms, ie
extended-spectrum β-lactamase (ESBL) among K. pneumoniae was shown to be 61.1%, Carbapenem-resistance
A. baumannii was found to be 84.2%, and Carbapenem-resistance P. aeruginosa was found to be 50% (Table 3).
Meanwhile, the resistance of fluoroquinolone (levofloxacin, ciprofloxacin, moxifloxacin) among coagulase-negative
Staphylococcus (CoNS) and Staphylococcus aureus were ranging between 33.3% and 100%. The methicillin-resistant
coagulase-negative Staphylococci (MRCoNS) was observed in all isolates, while methicillin-resistant Staphylococcus
aureus (MRSA) was observed to be as high as 33.3%. Among MRCoNS, vancomycin-resistance was observed to be as
high as 14.1% (Table 4).

Univariate logistic regression analysis revealed patients that had a secondary infection of MDR strains pathogen had
a higher risk of mortality (odds ratio [OR] 4.94, 95% confidence interval [CI] 2.17–11.24, p < 0.001). Other factors
related with higher risk of mortality were ventilator use during hospitalization (OR 4.34, 95% CI 1.58–11.95, p = 0.003),
followed by older than 60 years (OR 3.12, 95% CI 1.50–6.51, p = 0.002) and patients with severe COVID-19 (OR 1.07,
95% CI 1.07–4.52, p = 0.03 (Table 5). Multivariate logistic regression analysis also demonstrated that the main risk
factors associated with mortality were MDR strains pathogen infection, ventilator use during hospitalization, and patients
older than 60 years (Table 6).

Discussion
Viral infections in the respiratory tract increase susceptibility to secondary bacterial infections through dysregulation of
the host immune system, reduced pulmonary mucociliary clearance, and increased bacterial adhesion to the epithelial
cells.31,32 This study found that the prevalence of secondary pulmonary bacterial infection in COVID-19 patients lower
than that in the previous Spanish flu and H1N1 pandemic.9,11,12 The prevalence of secondary pulmonary bacterial
infection in COVID-19 patients in this study was 8.2%, which is in concordance with the findings of previous studies that
reported a prevalence of secondary infections ranging from 6% to 14% in COVID-19 patients.14,15,33

Empirical antibiotic therapy was widely used in the early pandemic, mainly because of concerns arising from
previous pandemic experiences with high rates of mortality caused by secondary pulmonary bacterial infection.14,34

Some studies reported high empiric antibiotic therapy administered to more than 50% of hospitalized COVID-19 patients
worldwide.5,33,35 This study found that most patients (70.3%) did not receive empiric antibiotics because the use of

Figure 1 Flowchart of the study patient selection process.
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Table 1 Clinical Characteristics of COVID-19 Inpatients

Characteristic Total (n = 182)

Age, median (IQR), years 60 (46–69)

Age group, n (%), years

≥60 92 (50.5)

<60 90 (49.5)

Sex, n (%)

Male 117 (64.3)

Female 65 (35.7)

Comorbidities, n (%)

Any 140 (76.9)

Hypertension 87 (47.8)

Obesity 83 (45.6)

Type 2 DM 64 (35.2)

Chronic kidney disease 57 (31.3)

Cardiovascular diseases 52 (28.6)

Stroke 13 (7.1)

No comorbidities 42 (23.1)

Time from illness onset to hospital admission,
median (IQR), days

3 (2–5)

Duration of hospitalization, median (IQR), days 13 (9–18)

<13 days 88 (48.4)

≥13 days 94 (51.6)

Laboratory findings, median (IQR)

Procalcitonin 1.27 (0.67–4.39)

Days of PCT measurement 6 (5–8)

Oxygen support (%)

Nasal cannula 57 (33.7)

Non-rebreathing mask 40 (23.7)

Ventilator 30 (17.8)

High-flow nasal cannula 20 (11.8)

Without oxygen support 18 (10.7)

Simple mask 4 (2.4)

Antibiotics history, n (%)

No 112 (61.5)

Yes 70 (38.5)

(Continued)
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complete blood count, PCT, and evaluation of clinical signs of infection as guidance was quickly implemented by the
special task team in both hospitals so that antibiotics were not given promptly from the beginning or were stopped
immediately in less than 24 h of administration. The mortality rate of COVID-19 patients with secondary pulmonary
infection in this study was as high as 48.4%, similar to the findings of other studies conducted in India and China.5,13,36

Along with the development of knowledge about COVID-19, the management of patients at the beginning of the
pandemic may have been different, resulting in a higher mortality rate.

The growth of the pathogens in this study showed predominance of gram-negative bacteria, with the most common species
being A. baumannii, K. pneumoniae, and P. aeruginosa. These pathogens are closely associated with nosocomial infection.
These findings are similar to those in some studies that showed that the most common pathogens in the group of gram-negative
bacteria were A. baumannii and K. pneumoniae.13,36,37 A study showed different results, with the most common pathogens
beingMycoplasma sp.,Haemophilus influenzae, and Pseudomonas aeruginosa.16 One of the reasons for the differences in the
bacterial patterns in these studies may be related to the differences in bacterial colonization in each hospital and the differences
in patients’ baseline characteristics. Other microorganisms found in this study were Staphylococcus epidermidis (2 patients),
Staphylococcus hominis (2 patients), Streptococcus sanguinis (2 patients), Streptococcus gordonii (1 patient), Citrobacter
koseri (1 patient), and fungal organisms (16 patients). A previous study conducted in India reported fungal infections as much
as 9%.36 In this study, we found a similar prevalence of 8.7% fungal infections in hospitalized patients. The fungal organisms
found in this study were Candida albicans (10 patients), Candida tropicalis (4 patients), and Candida glabrata (2 patients).

Table 1 (Continued).

Characteristic Total (n = 182)

Outcome, n (%)

Survivor 94 (51.6)

Nonsurvivor 88 (48.4)

Abbreviations: COVID-19, coronavirus disease; IQR, interquartile range; PCT, procalcitonin;
DM, diabetes mellitus.

Table 2 Pathogens of Secondary Pulmonary Infection

Pathogens Total
n = 182 (%)

MDR Pathogens
n = 74 (%)

HAP
n = 136 (%)

VAP
n = 46 (%)

Acinetobacter baumannii 58 (31.9) 42 (72.4) 35 (25.7) 23 (50.0)

Klebsiella pneumoniae 36 (19.8) 14 (38.8) 30 (22.1) 6 (13.1)

Pseudomonas aeruginosa 16 (8.8) 7 (43.7) 13 (9.5) 3 (6.4)

Enterobacter cloacae 6 (3.3) 0 5 (3.6) 1 (2.1)

Stenotrophomonas maltophilia 2 (1.1) 0 1 (0.7) 1 (2.1)

Coagulase-negative Staphylococcus 12 (6.6) 10 (83.3) 11 (8.1) 1 (2.1)

Staphylococcus aureus 5 (2.7) 1 (20) 3 (2.1) 2 (4.2)

Enterococcus faecalis 2 (1.1) 0 1 (0.7) 1 (2.1)

Others 24 (13.2) 0 18 (13.3) 6 (13.1)

No growth 21 (11.5) - 19 (13.9) 2 (4.2)

Notes: Others are Staphylococcus epidermidis, Staphylococcus hominis, Streptococcus sanguinis, Streptococcus gordonii,
Citrobacter koseri, Candida albicans, Candida tropicalis, and Candida glabrata.
Abbreviations: MDR, multidrug resistance; HAP, hospital-acquired pneumonia; VAP, ventilator-acquired pneumonia.
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Antibiotic resistance has become a worldwide concern because it causes fatal therapeutic failure, particularly in
critically ill patients. The growth rate of MDR bacteria in the samples from the two hospitals was 74 samples (45.9%).
Some studies found that more than 50% of MDR and extensively drug-resistant (XDR) strains were found in
A. baumannii and K. pneumoniae isolated from COVID-19 patients admitted in the ICU,36,38,39 with a significantly
higher proportion after the pandemic than that before the pandemic.40 The increasing spread of MDR strains of
nosocomial pathogens, especially A. baumannii, is likely due to the increase in required interventions for COVID-19
patients, antibiotics overuse, and aggravated by the decline in hygiene protocols in hospitals.21,41

High resistance to antimicrobial drugs that are used as the first-line treatment for bacterial pneumonia was observed in
this study, especially among gram-negative bacteria. Some studies showed similar results about increased resistance
toward antimicrobial targeting of gram-negative bacteria, especially MDR pathogens.42–46 High rate of MDR pathogens
was found among isolate, extended-spectrum β-lactamase (ESBL) among K. pneumoniae was shown to be 61.1%,
Carbapenem-resistance A. baumannii was found to be 84.2%, and Carbapenem-resistance P. aeruginosa was found to be
50%. One study also reported similar results that A. baumannii was not susceptible to almost all of the antibiotics tested,
with the highest resistance to ceftazidime (96%), followed by meropenem (94%), fluoroquinolones (93.5%), imipenem
(92%), and piperacillin/tazobactam (91%).36 K. pneumoniae showed no susceptibility to third-generation cephalosporins,
ceftriaxone (91.7%), fluoroquinolones (82%), β-lactamases, piperacillin/tazobactam (79.2%), and cefoperazone-
sulbactam (76.4%).36 A high rate of MDR pathogens was observed since most of the patients in this study had severe

Table 3 Antibiotic Susceptibility of Gram-Negative Bacteria

Antibiotics Acinetobacter
baumannii

Klebsiella
pneumonia

Pseudomonas
aeruginosa

Enterobacter
cloacae

Stenotrophomonas
maltophilia

n %S n %S n %S n %S n %S

Amikacin 58 57.9 36 72.2 16 62.5 6 100 - −

Ampicillin-sulbactam 58 5.9 36 21.4 - - 6 0 - −

Aztreonam 58 21.7 36 38.9 16 56.3 6 66.7 - −

Cefazolin 58 0 36 0 16 0 6 0 - −

Cefepime 58 2.9 36 50 16 37.5 6 50 - −

Cefotaxime 58 17.4 36 52 16 37.5 6 100 - −

Ceftazidime 58 2.9 36 28.6 16 37.5 6 50 - −

Ceftriaxone 58 7 36 38.9 16 37.5 6 83.3 - −

Ciprofloxacin 58 14 36 38.9 16 50 6 83.3 - −

Ertapenem 58 39.1 36 72.2 16 62.5 6 100 - −

Gentamicin 58 17.5 36 58.3 16 62.5 6 83.3 - −

Levofloxacin 58 30.4 36 50 16 62.5 6 100 2 50

Meropenem 58 15.8 36 72.2 16 50 6 100 - −

Moxifloxacin 58 30.4 36 50 16 62.5 6 100 - −

Piperacillin-tazobactam 58 2.9 36 42.9 16 37.5 6 50 - −

Tigecycline 58 52.6 36 80.6 16 25 6 83.3 - −

Trimethoprim-sulfamethoxazole 58 52.6 36 44.4 16 50 6 83.3 2 50

Abbreviations: %S, percentage susceptibility; n, number of isolate tested to certain antimicrobial drugs; −, not tested.
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or critically severe COVID-19. Patients required intensive care, mechanical ventilation, steroid therapy, and more
exposure to broad-spectrum antibiotics.

A. baumannii is one of the most important pathogens associated with nosocomial infections and remains a major
concern owing to the rapid development of resistance to various antimicrobials and the ability to survive in the
environment for a very long time.47 The majority of A. baumannii strains were isolated from the respiratory tract of
hospitalized patients, and it is the second most common gram-negative bacteria found in ICUs; the associated mortality
rates are as high as 30%–75%.44–46 The high MDR isolate finding rate of A. baumannii and P. aeruginosa indicates poor
environmental conditions associated with the patient, such as poor hand hygiene, poor infection control practices, and

Table 4 Antibiotic Susceptibility of Gram-Positive Bacteria

Antibiotics Coagulase-Negative
Staphylococcus

Staphylococcus
aureus

Enterococcus
faecalis

n %S n %S n %S

Amoxicillin-clavulanic acid 12 0 5 0 - −

Ampicillin 12 0 5 0 2 100

Clindamycin 12 100 5 66.7 - −

Erythromycin 12 0 5 66.7 2 0

Levofloxacin 12 0 5 66.7 - −

Linezolid 12 57.2 5 66.7 2 100

Moxifloxacin 12 0 5 66.7 - −

Oxacillin 12 0 5 66.7 - −

Penicillin 12 0 5 0 - −

Piperacillin-tazobactam 12 0 5 0 - −

Tetracycline 12 51.5 5 66.7 2 50

Tigecycline 12 85.7 5 100 2 100

Trimethoprim-sulfamethoxazole 12 68.7 5 100 2 0

Vancomycin 12 85.9 5 100 2 100

Abbreviations: %S, percentage susceptibility; n, number of isolate tested to certain antimicrobial drugs; −, not tested.

Table 5 Univariate Analysis of the Association of Risk Factors with Mortality in COVID-19
Patients

Variable Survived (n = 64) Died (n = 60) p-value Crude OR (95% CI OR)

Age (≥60 years) 25 (39.1) 40 (66.7) 0.002* 3.12 (1.50–6.51)

Sex (female) 19 (29.7) 28 (46.7) 0.051 2.07 (0.99–4.34)

Comorbidity (any) 47 (73.4) 45 (75.0) 0.876 1.09 (0.49–2.43)

Ventilator 6 (9.8) 18 (32.1) 0.003* 4.34 (1.58–11.95)

Severity (severe) 27 (42.2) 37 (61.7) 0.030* 2.21 (1.07–4.52)

MDR pathogens 29 (45.3) 45 (80.4) <0.001* 4.94 (2.17–11.24)

Note: *Statistically significant.
Abbreviations: OR, odds ratio; CI, confidence interval; COVID-19, coronavirus disease.
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lack of adherence to hygiene protocols.48 Hand hygiene practices are severely affected during the COVID-19 pandemic
because all health workers have been using gloves as part of their personal protective equipment. Continuous and
inappropriate use of gloves can cause cross-contamination and affect the rate of nosocomial infection.49

This study showed that MDR strains pathogen infection, ventilator use during hospitalization, and older age were
associated with a higher risk of mortality during hospitalization. In concordance with another study in Italy that analyzed
patients with acute respiratory distress syndrome (ARDS) admitted to the ICU, mortality related to carbapenemase-
producing Klebsiella pneumonia was reported as high as 28.6%.50 Previous studies also reported that gram-negative
bacteria were associated with longer hospital stay, longer ICU stay, mechanical ventilator use, and higher mortality.13,21

This study also showed that older age was associated with a higher risk of mortality, as shown in previous studies,
because older adults usually have a more complicated condition that prolongs hospitalization duration.5,51–54 It makes
them more vulnerable to contracting secondary bacterial or nosocomial infections. Critical patients with respiratory
failure or acute respiratory distress syndrome require higher levels of oxygen therapy, such as use of ventilators, which
are associated with a higher risk of mortality and increased risk of secondary bacterial infection.2,5,52,55

This study has some limitations. The true rate of secondary pulmonary bacterial infection is likely to be higher than
that reported in this study because of the retrospective nature of the study, and PCT testing was not routinely and
uniformly performed at the same time. Another limitation was the isolation of anaerobic, atypical, and fastidious
microorganisms that were not recorded in this study. Clinical symptoms are important in making decisions regarding
the possibility of infection, initiation, and choice of antibiotics; hence, it is possible that PCT and bacterial micro-
biological examinations were not performed in patients with relatively mild symptoms, especially in patients who had
been administered empiric antibiotics, which may produce inaccurate findings.

Conclusion
This study reveals that gram-negative bacteria are pathogens causing secondary lung infections in hospitalized COVID-19
patients, with A. baumannii as the most common pathogen, implying a nosocomial infection. High resistance to first-line
antimicrobial drugs (fluoroquinolone) was observed in Gram-negative bacteria and Gram-positive bacteria. High rate of MDR
pathogens was found among isolate and was associated with a significant risk of mortality.
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Table 6 Multivariate Analysis of the Association of Risk Factors with Mortality in COVID-19
Patients

Variable Initial Model Final Model

AOR
(95% CI AOR)

p-value AOR
(95% CI AOR)

p-value

Age (≥60 years) 4.20 (1.67–10.54) 0.002* 4.03 (1.63–9.98) 0.003*

Sex (female) 2.73 (1.06–7.02) 0.037* 2.59 (1.02–6.57) 0.045*

Comorbidity (any) 0.80 (0.30–2.12) 0.651

Ventilator 3.08 (0.81–11.73) 0.100 4.07 (1.20–13.80) 0.024*

Severity (severe) 1.77 (0.67–4.68) 0.251

MDR pathogens 5.64 (2.09–15.20) 0.001* 5.63 (2.12–14.93) 0.001*

Note: *Statistically significant.
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; COVID-19, coronavirus disease.
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