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Abstract: Background: Patients hospitalized in the intensive care unit (ICU) have a higher susceptibil-
ity to infections. Respiratory infections are the most common nosocomial infections. Rising antibiotic
resistance due to indiscriminate use of antibiotics and poor adherence to standard precaution in
healthcare facilities compounds the problem. The main aim of this study is to assess microbial
patterns and antibiotic resistance from bronchoalveolar lavage specimens in severe pneumonia pa-
tients. Methods: This retrospective study was conducted in an Indonesian tertiary care hospital
from January 2016-December 2020. Written and verbal informed consent was obtained prior to
bronchoscopy procedures. Patients were enrolled if they had severe community-acquired pneumonia
(CAP) according to American Thoracic Society (ATS)/Infectious Disease Society of America (IDSA)
criteria, had high-risk hospital-acquired pneumonia (HAP), late-onset ventilator-associated pneu-
monia (VAP), or pneumonia caused by Coronavirus disease (COVID-19). Respiratory specimens
via bronchoscopy were inoculated on general semi-sloid thioglycolate media. Testing for antibiotic
susceptibility was done using the disk diffusion method. Results: Two hundred and one patients’ data
were analyzed. The majority of patients were males (65,17%) and above 60 years of age. The most
common type of pneumonia was CAP (39,3%). Neurologic/cerebrovascular disease was the most
common comorbidity (35,32%). Acinetobacter baumannii was the most frequently isolated microorgan-
ism. Ampicillin/sulbactam and amikacin were found to yield lower microbial resistance. Conclusion:
Combination of ampicillin/sulbactam and amikacin appeared effective as initial empirical therapy in
severe pneumonia patients. Further studies are needed to evaluate the feasibility and effectiveness of
this combined therapy.
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1. Introduction

In 2015, it was estimated that 2.7 million individuals died from respiratory infections. 
In 2016, it was discovered that lower respiratory tract infections was the third leading major
contributor to deaths around the world (3 million deaths), after ischemic heart disease and
stroke (15.2 million deaths combined deaths) [1]. Infections acquired during treatment in
health care centres continue to be a major issue worldwide. Patients hospitalized in the
intensive care unit (ICU) are more susceptible to such infections. These infections add to the
pre-existing high mortality and morbidity associated with the underlying illness requiring
ICU admission. Delays in the provision of adequate antimicrobial therapy have been
reported to be associated with excess mortality. Critically ill patients are more vulnerable
due to impaired host defence mechanisms from immune-suppressive events from the
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underlying diseases, age, trauma, surgery, invasive devices, malnutrition, or concurrent
drug therapy.

Respiratory infections are the most common nosocomial infections, followed by uri-
nary tract infections and bloodstream infections [2]. The implication of respiratory in-
fections such as pneumonia is not limited to just infection, but it also affects the patient
by causing respiratory failure in critical care settings [3]. Antibiotic resistance is a global
threat to public health with a high mortality rate that will continue rising in the future
if left unchecked [4]. Severe pneumonia patients’ management require a combination of
antibiotic, nutritional balance, ventilator, and intubation procedure. Severe pneumonia
patients with high mortality risk will be treated with a combination of empirical antibiotic
beta-lactam and fluoroquinolone (ATS/IDSA) [5]. Implementation of an antibiotic steward-
ship program is suggested to promote the proper empiric antibiotic therapy to optimize the
therapeutic effect of antibiotic usage. Awareness of the local institution’s pathogens and its
sensitivity or resistance towards antibiotics drives the necessity of using local antibiogram
as one of the ways to provide empiric antibiotic recommendations [6]. Furthermore, rising
antibiotic resistance due to indiscriminate use of antibiotics and poor adherence to standard
precaution in healthcare facilities compounds the problem [7]. Infections acquired in health
care centres, particularly critical care units, can be managed better by identifying local
microbial patterns, and a combination of antibiogram therapy, especially for Gram-negative
pathogens with patients admitted to the ICU, is recommended [8,9].This study aimed to
assess microbial patterns and antibiotic resistance from bronchoalveolar lavage specimens
in severe pneumonia patients hospitalized in Cipto Mangunkusumo Hospital, Jakarta,
Indonesia.

2. Methods

This retrospective cohort was conducted in an Indonesian tertiary care hospital. Data
of 201 ICU patients from January 2016 to December 2020 was collected. Bronchoscopy
was performed in an average of 30 minutes, depending on the patients’ overall condition.
Intravenous midazolam and propofol were given by the anesthesiologist in order to give
optimum sedation during bronchoscopy. Chest radiography was performed prior to
flexible bronchoscopy. Patients were observed for 1-hour post-procedure. The maximum
number of personnel involved intra-procedure is limited to five, and level three personal
protective equipment (PPE), a negative-pressure room, and post-procedure sterilization
were applied. Written and verbal informed consent were obtained from patients’ families
prior to bronchoscopy. Patients underwent bronchoscopy within three days of intubation
and/or later than three days if previously stable patients’ clinical condition deteriorates.

Patients were enrolled if they had severe community-acquired pneumonia (CAP)
according to American Thoracic Society (ATS)/Infectious Disease Society of America
(IDSA) criteria, had high-risk hospital-acquired pneumonia (HAP), late-onset ventilator-
associated pneumonia (VAP), or pneumonia caused by Coronavirus disease (COVID-19)
[10,11]. The attending physician solely decides all antibiotic prescriptions with no sponsor-
ship/pharmaceutical company involved in decision making. Antibiotics administrations
cater to each patient’s clinical condition, and dose adjustments are done to patients with
impaired liver and/or renal function. Empirical antibiotic prescription follows local antibi-
otic stewardship guidelines in our institution. Any clinical deterioration warrants therapy
alteration based on the physician team’s culture results and decision. During the COVID-19
pandemic (starting in 2020), routine COVID-19 antibody/antigen tests for bronchoscopy
teams were carried out every two weeks, and RT-PCR swab tests once a month, as hospital
standard operational procedures.

3. Specimens Culture

Respiratory specimens via bronchoscopy were inoculated on general semi-sloid thio-
glycolate media. If growth occurs, identification tests with biochemical reactions and
antibiotic resistance tests are conducted. These inoculated media were then incubated
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aerobically at 35-37 ◦C for 18-24 hours. Isolated Gram-negative bacteria were tested for
oxidase and catalase. Isolated organisms that were negative to oxidase were inoculated into
peptone broth for around 30 minutes [12]. Testing for antibiotic susceptibility was done us-
ing the disk diffusion method. The antibiotics tested were: chloramphenicol, cotrimoxazole,
gentamicin, tetracycline, amikacin, aztreonam, ampicillin/sulbactam, cephalothin, cefo-
taxime, amoxicillin + clavulanic acid, ceftriaxone, ceftazidime, cefoperazone, ciprofloxacin,
piperacillin/tazobactam, cefoperazone/sulbactam, doripenem, cefpirome, meropenem,
imipenem, levofloxacin, and moxifloxacin. All respiratory specimens obtained via bron-
choscopy were evaluated and monitored under senior clinical pathologist supervision.

4. Results

The majority of patients were males (65,17%), above 60 years of age, and the most
common type of pneumonia was CAP (39,3%), as seen in Table 1.

Table 1. Subjects characteristics

Characteristics N (%)

Gender

Male 131 (65,17)
Female 70 (34,8)

Age

18-40 34 (16,9)
41-60 83 (41,3)
>60 84 (41,8)

Type of Pneumonia

CAP 79 (39,3)
HAP 71(35,32)
VAP 40 (19,9)

COVID-19 12 (5,97)

In terms of comorbidities, neurologic/cerebrovascular diseases were the most common 
(35,32%), as seen in Table 2. Acinetobacter baumannii (37,31%) was the most commonly iso-  

lated organism, followed by Klebsiella pneumoniae and Pseudomonas aeruginosa (Figure 
1). Other microorganisms included Escherichia coli, Candida sp, Klebsiella oxytoca, Staphylococ-  

cus epidermidis, Enterobacter aerogenes, Enterococcus faecalis, Etenotrophomans maltophilia, and 
Staphylococcus saprophyticus. 

Table 2. Subjects Comorbidities

Comorbidities N (%)

Neurologic/cerebrovascular diseases 71 (35,32)
Sepsis 60 (29,85)

Respiratory failure 53 (26,37)
Cardiovascular diseases 29 (14,43)

Diabetes mellitus 25 (12,44)
Chronic kidney disease 18 (8,96)

Malignancies 17 (8,46)
Hypertension 13 (6,47)
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Figure 1. Microbial Pattern of Severe Pneumonia Patients.
The majority of the organisms isolated showed high antibiotic resistance. 

Acinetobacter baumannii isolates were 100% resistant towards aztreonam and cefotaxime, 
while sensitivity was higher towards ampicillin/sulbactam (14,67%), as stated in Table 3. 

Table 3. Antibiotic sensitivity and resistance pattern for Acinetobacter baumannii

Antibiotics Sensitive (%) Resistant (%)

Chloramphenicol 1,33 98,67
Cotrimoxazole 8 92

Gentamicin 4 94,67
Tetracycline 2,67 96
Amikacin 5,33 93,33

Aztreonam 0 100
Ampicillin/Sulbactam 14,67 85,33

Cephalothin 1,33 97,33
Cefotaxime 0 100

Amoxicillin + Clavulanic acid 4 96
Ceftriaxone 1,33 98,67
Ceftazidime 4 96

Cefoperazone 4 96
Ciprofloxacin 4 96

Piperacillin/Tazobactam 5,33 94,67
Cefoperazone/Sulbactam 4 96

Doripenem 4 96
Cefpirome 0 100

Meropenem 2,67 97,33
Imipenem 4 96
Imipenem 8 92

Moxifloxacin 9,33 90,67

The majority of Klebsiella pneumoniae isolates were sensitive towards amikacin (34,85%), 
with high resistance towards cefotaxime and ceftazidime (98,48%, respectively), whereas 
Pseudomonas aeruginosa isolates showed higher sensitivity towards amikacin (59,26%), 
with high resistance towards resistant towards chloramphenicol, cotrimoxazole, ampi-  

cillin/sulbactam, cephalothin, cefotaxime, and amoxicillin + clavulanic acid, as listed in 
Table 4. 
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Table 4. Antibiotic sensitivity and resistance pattern for Klebsiella pneumoniae and Pseudomonas
aeruginosa

Antibiotics Klebsiella pneumoniae Pseudomonas aeruginosa
S (%) R (%) S (%) R (%)

Chloramphenicol 5,45 90,9 0 100
Cotrimoxazole 27,27 72,72 0 100

Gentamicin 13,64 83,36 37,04 62,96
Tetracycline 12,12 87,87 0 100
Amikacin 34,85 65,15 59,26 40,74

Aztreonam 4,55 95,45 37,04 62,96
Ampicillin/Sulbactam 4,55 95,45 0 100

Cephalothin 3,03 96,9 0 100
Cefotaxime 1,52 94,48 0 100

Amoxicillin + Clavulanic acid 5,45 90,9 0 100
Ceftriaxone 4,55 95,45 7,4 92,6
Ceftazidime 1,52 98,48 48,15 51,85

Cefoperazone 3,03 96,9 22,2 77,7
Ciprofloxacin 4,55 95,45 48,15 51,85

Piperacillin/Tazobactam 3,03 96,9 44,4 55,6
Cefoperazone/Sulbactam 6,06 93,94 25,93 74,07

Doripenem 25,76 74,24 37,04 62,96
Cefpirome 1,52 98,48 3,7 96,3

Meropenem 31,82 68,18 33,3 66,7
Imipenem 30,3 69,7 40,7 59,26

Levofloxacin 5,45 90,9 37,04 62,96
Moxifloxacin 4,55 95,45 25,93 74,07

S:Sensitive; R:Resistant

5. Discussion

Our study highlights important microbial patterns and antibiotic resistance issues in
severe pneumonia patients. To our knowledge, this is the first study to elaborate microbial
patterns in all entities of severe pneumonia (CAP, HAP, VAP, and COVID-19 pneumonia).
This study reports a novel combination of empiric antibiotics in severe pneumonia patients
that previous studies have not reported. Infections are common in intensive care settings,
with the most common being nosocomial pneumonia. These infections add to the high
mortality, morbidity, and burden of scarce ICU resources by prolonging the length of stays
and the emergence of antibiotic resistance further compounds this issue.

Globally, community-acquired pneumonia is the most common cause of sepsis and
death yearly. A study in Europe found that 1.2-100% hospitalized patients with pneumonia
required intensive care unit (ICU) with 28 days mortality (17%), with a highly significant to
patients with mechanical ventilation (24.4%) and septic shock (28.8%). A study regarding
the mortality of CAP in Cipto Mangunkusumo Hospital, Indonesia, conducted by Burhan et
al (2018) found that the 30-day mortality was 37% (60,8% CURB > 3) and mortality 14-days
of HAP patients high risk 48,2% (69,7% CURB > 2) [13,14]. Cipto Mangunkusumo Hospital
is Indonesia’s national referral hospital (accredited by Joint Commission International,
2012) with patients being admitted due to high prevalence of infectious diseases, late-stage
malignancy and multiple comorbidities cases with the majority of the patients have been
covered with national health insurance; hence proper antibiotic therapy, cost-effectiveness,
and length of stays are important issues to be assessed in the treatment plan of the patients.
Recent literature in intensive care mandates a multidisciplinary approach (consisting of
intensivists, respiratory physicians, tropical infection physicians, clinical pathologists, and
microbiologists). Therefore, good multidisciplinary collaboration is essential to optimize
patient outcomes and resource utilization.
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Our study showed a predominance of male patients. This gender predominance
is consistent with another study in the prevalence of pneumonia admitted to ICU [15].
Among types of pneumonia presented in our study, CAP was the most common compared
to HAP, VAP, and COVID-19. However, as HAP and VAP are classified as nosocomial
pneumonia (pneumonia-acquired in hospital), our isolated microorganism findings showed
predominantly hospital-acquired pneumonia causative organisms (Acinetobacter baumannii,
Klebsiella pneumoniae, and Pseudomonas aeruginosa). Comorbidities commonly found in these
patients were neurologic/cerebrovascular diseases, respiratory failure, and sepsis. A study
by Sirvent et al. found that comorbidities that are prevalent in severe CAP patients admitted
to ICU include COPD (46,4%), heart failure (28,6%), neoplastic disease (14,3%), and cerebral
stroke (8,9%) [16]. Additionally, types of pathogen also contributed to the disease severity.
Pneumonia caused by Gram-negative bacteria, especially Acinetobacter baumannii, Klebsiella
pneumoniae, and Pseudomonas aeruginosa was found in a small proportion of CAP cases with
high comorbidities [17]. Therefore, besides antibiotic therapy, a holistic approach should be
applied in the treatment plan of severe pneumonia patients with multiple comorbidities.

As COVID-19 pandemic emerged in Indonesia by March 2020, several of our study
subjects were confirmed for COVID-19, as demonstrated through positive PCR-SARS
COV2 BAL specimen (5,97%). The usage of antibiotics in COVID-19 patients should also
be concerned to minimize the risk of antibiotic resistance [18]. However, most COVID-19
patients could not be included in this study due to a lack of bacterial culture results. The
COVID-19 pandemic caused by SARS-COV-2 virus first hit the city of Wuhan (Hubei
Province, Republic of China) in December 2019. It was declared a pandemic in mid-March
2020 and has since changed the world of medical procedures, including interventional
pulmonology. To this day, several Interventional Pulmonology organizations globally have
been continuously updating and releasing recommendations on interventional procedures
during the pandemic in order to provide appropriate care for healthcare workers (HCW)
and patients. Worldwide Respirology Societies have been releasing urgent recommenda- 163

tions or guidelines in interventional pulmonology procedures to help clinicians obtain
updated information and treat patients accordingly. The bronchoscopy procedure was
performed according to local guidelines applied in Cipto Mangunkusumo Hospital.

Common microbial patterns found in severe pneumonia with ICU settings with high
resistance to antibiotics and therapeutic challenge, including Acinetobacter baumannii, Kleb-
siella pneumoniae, and Pseudomonas aeruginosa [19–22]. This study found that Acinetobacter
baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa, in that order, were the most
common microorganisms isolated in patients with severe pneumonia. These findings are
consistent with previous studies in critically ill patients from other Asian countries. A
study by Sharma et al. yielded identical results where Acinetobacter sp (18.7%), Pseudomonas
sp (9.4%), and Klebsiella sp (9.4%) were the most frequently isolated microorganisms in
patients with pneumonia (as a cause of acute respiratory distress syndrome/ARDS) [3].
Among two studies in Indonesia, one study showed common isolates were Klebsiella pneu-
moniae(25.78%), Pseudomonas aeruginosa (17.19%), and Acinetobacter anitratus(12.5%), and the
other study results found that Pseudomonas aeruginosa (26.5%), Klebsiella pneumoniae (15.3%),
and Staphylococcus epidermidis (14.9%) were the most common isolates [23,24]. Similar to
our study, investigators from Vietnam, described Acinetobacter baumannii (n=75), Klebsiella
pneumoniae (n=39), and Pseudomonas aeruginosa (n=29) as the most common microorganisms
isolated in their ICU [25]. Compared to the prevalence of severe pneumonia in other
continents, the most common isolates for severe HAP/VAP in Europe were Enterobacteri-
aceae (especially Klebsiella and Escherichia coli), Staphylococcus aureus (MRSA), Pseudomonas
aeruginosa, and Acinetobacter baumannii [26] , whereas, Streptococcus pneumoniae was the
most commonly isolated in ICU for CAP [27].

In the United States, Pseudomonas aeruginosa, Staphylococcus aureus, and Enterobac-  

teriaceae were the most common isolated microorgamanisms in severe HAP/VAP [28], 
whereas Streptococcus pneumoniae, Staphylococcus aureus, and Enterobacteriaceae were com-  

monly isolated in CAP patients admitted to ICU [29]. In Africa, Staphylococcus aureus 
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(MRSA), and Klebsiella pneumoniae were the most common isolated microorganisms in
severe HAP/VAP [30], whereas Mycobacterium tuberculosis and Pseudomonas aeruginosa were
commonly isolated in CAP patients admitted to ICU [31]. Compared to other countries’
microbial patterns, we do not report the presence of other possible pneumonia pathogens,
such as Streptococcus pneumoniae, Legionella sp, and Staphylococcus aureus (MRSA). In Cipto
Mangunkusomo Hospital, bacterial culture (via blood, sputum, and BAL) for Streptococcus
pneumoniae are not routinely performed due to the unavailability of culture medium (only
performed clinical experimental studies), and rapid antigen for Legionella sp are not rou-
tinely performed. Additionally, compared to other countries, such as Europe, Staphylococcus
aureus (MRSA) is not a common pathogen in Cipto Mangunkusomo Hospital, as reported
in our local antibiogram.

Severe pneumonia patients’ management require a combination of antibiotic, nutri-
tional balance, ventilator, and intubation procedure. Severe pneumonia patients with high
mortality risk will be treated with a combination of empirical antibiotic beta-lactam and
fluoroquinolone (ATS/IDSA) [5]. Pneumonia patients admitted to ICU were associated
with a high risk of antibiotic resistance. Antibiotic resistance is associated with high mor-
tality/morbidity, length of hospital stays, and increasing health expenditure. Improving
antibiotic stewardship programs are important and recommended to optimize the utiliza-
tion and management of antibiotic usage for a better outcome for the patients [32]. In
this study, analysis of antibiotic resistance and sensitivity test found that most patients
had high resistance to most of the antibiotics tested. All isolates of Acinetobacter baumannii
were resistant towards aztreonam and cefpirome; while still retaining some sensitivity
towards ampicillin/sulbactam and moxifloxacin. Acinetobacter baumannii is known to be
the predominant cause of nosocomial infection and is considered as a high multidrug-  

resistant (MDR) strain globally with a high mortality rate. Carbapenem was commonly 
prescribed to Acinetobacter baumannii; however, it was reported that Acinetobacter bauman- 
nii had increased resistance to carbapenem with high resistance towards penicillin and
cephalosporins—including inhibitor combinations, fluoroquinolones, and aminoglycosides
[22].

In Klebsiella pneumoniae isolates, the highest sensitivity was found towards amikacin,
followed by meropenem, and imipenem, while the highest resistance was towards cefo-
taxime and ceftazidime. Klebsiella pneumoniae is a type of Enterobacteriaceae that shows a
high frequency of antibiotic resistance. Similar to the previous study, Klebsiella pneumoniae
showed high resistance toward cefotaxime (79,2%) and ceftazidime (75,7%), with low re-
sistance toward amikacin (40,8%) [33]. Pseudomonas aeruginosa isolates also yielded higher
sensitivity towards amikacin, while all the isolates were resistant towards cephalosporins,
cotrimoxazole, and amoxicillin + clavulanic acid. Pseudomonas aeruginosa is a common
cause of CAP, and HAP/VAP with a high resistance was found in common antibiotics. Due
to high sensitivity, our study recommends amikacin as empiric therapy for Pseudomonas
aeruginosa. In a retrospective study, albeit Amikacin showed a low percentage of resistance
(CAP 10,2%; HAP/VAP 9,1%), it was also reported that there was an elevated resistance
during the study [34]. Radji et al. found resistance to cephalosporins and quinolones, with
retained sensitivity to beta-lactams (meropenem and imipenem) and fosfomycin among
Klebsiella pneumoniae and Pseudomonas aeruginosa [35]. A study on antibiotic resistance in
Southeast Asia also found high resistance to cephalosporins such as ceftriaxone (88%),
ceftazidime (80%), cefepime (72%), and fluoroquinolones namely ciprofloxacin (77%), and
levofloxacin (72%) [36]. Due to possible pathogen variation depending on a local institution
or region, a comprehensive study about proper empiric antibiotic therapy by analyzing
local antibiogram is suggested to optimize the therapeutic effect of antibiotic usage and
hence achieve better promotion for antibiotic stewardship programs [6]. Additionally,
it is also recommended to combine antibiogram therapy, especially for Gram-negative
pathogens with patients admitted to the ICU [8,9].

Our study has limitations, as it is a retrospective study from a single centre, and some
subjects were not able to be enrolled in the study due to lack of documentation. Additionally, 
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there was no culture medium and rapid antigen testing for possible pathogens to obtain
other possible microbial patterns in this study. However, the strength of our study is
that, first, it provides insight into sensitivity patterns, enabling us to exercise prudence in
the choice of antibiotics and highlighting the need for an antibiotic stewardship program.
Second, it provides insight into the local antibiogram enabling us to emphasize to our
medical staff the need for strict implementation of infection transmission control measures.
Third, this study was conducted in Indonesia’s national referral hospital; hence local
antibiogram data obtained from this study can represent Indonesia’s microbial pattern and
antibiotic resistance in severe pneumonia patients.

6. Conclusions
Community-acquired pneumonia was the most common pneumonia. The most com-  

mon isolated microorganisms in severe pneumonia patients were Acinetobacter baumannii, 
Klebsiella pneumoniae, and Pseudomonas aeruginosa. These pathogens were also highly associ- 
ated with comorbidities, especially in CAP patients. As an Indonesian’ national referral
hospital, a combination of local antibiogram therapy should be recommended to achieve
a better antibiotic stewardship program. Our study found that a combination of ampi-
cillin/sulbactam and amikacin could be recommended as empirical therapy in severe
pneumonia patients. Further studies are needed to evaluate the feasibility and effectiveness
of this combined therapy.
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