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Abstract 
Introduction: Pneumonia is an infection in the pulmonary tissue that is caused by bacteria, viruses, fungi, or parasites. Based on Indonesian 
Health Survey data for 2023, the prevalence of pneumonia was 10.8%. The rapid detection of pathogens accompanied by their antibiotic 
sensitivity pattern is crucial to obtain relevant outcomes. The gold standard test by bacterial culture needs approximately 72 hours. In order to 
speed this up, the PCR-based test was developed, such as syndromic testing.  
Methodology: The present study was a retrospective study conducted from May 2021 to July 2024, using total sampling, on BAL and sputum 
specimens, with as inclusion criteria of patients aged ≥ 18 years diagnosed with pneumonia on the basis of bacterial culture and the pneumonia 
panel test.  
Results: A total of 147 specimens were collected, with a 66.7% predominance of males and a mean age of 67.24 ± 18.23 years. There was 
72.11% correspondence between the two tests, with the proportion of pathogens being 67.35% from the pneumonia panel test and 55.1% from 
culture. The distribution of pathogens in both tests was dominated by K. pneumoniae, whereas the most frequent antibiotic resistance genes 
were CTX-M and IMP. The antibiotics that may still be of choice for the therapy of Gram-negative bacteria are tigecycline and amikacin, while 
for P. aeruginosa, the antibiotic of choice is piperacillin-tazobactam.  
Conclusions: The pneumonia panel test provides higher positivity rates, faster results, and detects resistance genes, but lacks coverage for fungi 
and S. maltophilia. 
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Introduction 

Pneumonia is an acute respiratory tract infection 
affecting the pulmonary tissues, which may be caused 
by bacteria, viruses, fungi, or parasites. Pneumonia is 
frequently the cause of an individual becoming 
hospitalized and is one of the principal causes of 
morbidity and mortality throughout the world. Based on 
the Indonesian Health Survey (Survei Kesehatan 
Indonesia) data for 2023, the prevalence of pneumonia 
in Indonesia was found to be 10.8%, with the highest 
prevalence of 12.6% at ≥ 75 years. A study in Mongolia 
on patients ≥ 18 years old found an incidence of 
hospitalized pneumonia patients of 17.65% in the year 
2018 [1,2]. 

The rapid detection of pathogens accompanied by 
their antibiotic sensitivity pattern is crucial to the 
administration of appropriate therapy, such that it may 
produce relevant clinical outcomes. Delay in the 
administration of antibiotics may result in prolonged 
hospitalization and increased mortality rate. The current 
gold standard for the microbiological diagnosis of 
pneumonia is the culture method, which needs 

approximately 72 hours to identify bacteria and their 
resistance pattern. Apart from this, conventional 
methods are frequently also less sensitive and are 
capable of detecting only 30 - 50% of pathogens in 
patients with a diagnosis of pneumonia. This may be 
influenced by prior empirical antibiotic administration 
as well as by poor pre-analytical preparation for 
fastidious bacteria requiring special conditions. 
Therefore, there is a need for rapid and reliable tests for 
pneumonia [3–5]. 

To overcome these limitations, several tests based 
on the polymerase chain reaction (PCR) have been 
developed to detect viral and bacterial pathogens and 
antibiotic resistance genes. This has the potential to 
revolutionize therapies by directly providing 
information to physicians about the existing pathogens 
and their probable antibiotic sensitivity by detecting 
genotypic resistance markers. Several studies have 
shown the superior diagnostic accuracy of the PCR-
based platforms to detect bacterial pathogens in sputum 
as compared with standard culture. The BioFire 
FilmArray® pneumonia panel (BioFire Diagnostics 
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LLC, Salt Lake City, UT, USA) constitutes a multiplex 
PCR test that can detect 15 typical bacteria, 3 atypical 
bacteria, 8 respiratory viruses, and 7 antibiotic 
resistance markers. This test gives semi-quantitative 
results for 15 bacteria within approximately 1 hour and 
was approved by the FDA (Food and Drug 
Administration) in 2018 [6–9]. The present study was 
conducted to compare pneumonia panel syndromic 
testing with bacterial culture in sputum and broncho-
alveolar lavage (BAL) specimens. 

 
Methodology 

This was a retrospective study at a private hospital 
in Jakarta from May 2021 – July 2024. The samples 
used were sputum and BAL specimens from patients 
with a diagnosis of pneumonia. The specimens were 
collected by total sampling, which obtained 147 
specimens from sputum (100 specimens) and BAL (47 
specimens). The applied inclusion criteria were, among 
others, patients aged ≥ 18 years with a diagnosis of 
pneumonia, who underwent pneumonia panel 
syndromic testing and resistance cultures in parallel. 
The exclusion criteria comprised samples for follow-up 
tests or treatment evaluations and poor-quality sputum. 
This study obtained ethical clearance from the Research 
Ethics Committee, Faculty of Medicine and Health 
Science UKRIDA under No. 
1861/SLKE/IM/UKKW/FKIK/KEPK/X/2024. 

 
Culture Tests 

Cultures were conducted according to standard 
operating procedures for laboratories. Sputum quality 
was evaluated using American Society for 
Microbiology (ASM) criteria by Gram staining of the 
samples with an epithelial cell count of < 10/lpf or a 
leukocyte/SEC ratio of ≥ 10 and > 5 microbes per field 
at 100× magnification. All specimens meeting the 
requirements were then inoculated in blood agar, 
chocolate agar, and MacConkey agar (Oxoid, 
Thermofisher Scientific, Massachusetts, USA) for 
bacterial identification and sensitivity testing using the 
Vitex®-2 system (bioMérieux, Marcy l'Étoile, France). 

 

BioFire FilmArray® Pneumonia panel 
Based on the manufacturer’s instructions, the 

pneumonia panel test was done using the included 
flocked swabs for sputum and BAL specimens. The 
swabbed samples were mixed with sample buffer and 
injected into the pneumonia panel cartridge, which was 
then inserted into the FilmArray instrument for 
analysis. The BioFire FilmArray® pneumonia panel is a 
closed-pouch system that performs PCR multiplex 
nested extraction of nucleic acids and final analysis. 
The panel tests 15 typical bacterial pathogens, 
consisting of 11 Gram-negative species (Acinetobacter 
calcoaceticus-baumannii complex, Enterobacter 
cloacae, Escherichia coli, Haemophilus influenzae, 
Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella 

Table 1. Distribution of Pneumonia Panel and Culture Results in 
BAL Specimens (n = 47) and Sputum Specimens (n = 100). 
Pneumonia panel Culture 

Pathogens + Pathogens - 
BAL (47 specimens)   
Pathogens + 29 5 
Negative 4 9 
Sputum (100 specimens)   
Pathogens + 44 21 
Negative 4 31 

 

Table 2. Correspondence vs. noncorrespondence between 
pneumonia panel and culture test results for BAL and sputum 
specimens. 
No. Pneumonia Panel Culture 
BAL specimens  

1 Negative Candida tropicalis 
2 Negative Candida albicans 
3 Pseudomonas aeruginosa Candida albicans 
4 Haemophilus influenzae Negative 
5 Haemophilus influenzae Negative 
6 Human Rhinovirus/Enterovirus Negative 
7 Influenza A Negative 
8 Coronavirus Klebsiella pneumoniae 
9 Negative Raoultella planticolae 
10 S. aureus, H. influenzae Klebsiella pneumoniae 
11 Negative Rhizobium radiobacter 
12 Acinetobacter baumannii Negative 
13 Coronavirus Klebsiella pneumoniae 

Sputum specimens  
1 S. aureus Negative 
2 Negative C. albicans 
3 Negative S. aureus 
4 H. influenzae, M. catarrhalis Negative 
5 K. pneumoniae Negative 
6 S. pneumoniae Negative 
7 S. aureus Negative 
8 A. baumannii E. faecium 
9 A. baumannii, Parainfluenza viruses Negative 
10 Human Rhinovirus/Enterovirus Negative 
11 Human metapneumovirus Negative 
12 Parainfluenza Viruses Negative 

13 H. influenzae, Adenovirus, Human 
Rhinovirus/Enterovirus Negative 

14 Negative E. coli 
15 A. baumannii S. maltophilia 

16 M. pneumoniae, Human 
Rhinovirus/Enterovirus, Influenza A Negative 

17 Negative C. albicans 
18 Human Rhinovirus/Enterovirus S. aureus 
19 H. influenzae, Parainfluenza viruses C. glabrata 
20 Human Rhinovirus/Enterovirus Negative 
21 Influenza A Negative 
22 Influenza A Negative 
23 H. influenzae Negative 
24 Respiratory Syncytial Viruses Negative 
25 H. influenzae S. maltophilia 
26 Influenza A Negative 
27 M. catarrhalis, S. agalactiae Negative 
28 Coronavirus Negative 
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pneumoniae, Moraxella catarrhalis, Proteus spp., 
Pseudomonas aeruginosa, Serratia marcescens), and 
four Gram-positive species (Staphylococcus aureus, 
Streptococcus agalactiae, Streptococcus pneumoniae, 
Streptococcus pyogenes), three atypical bacterial 
pathogens (Chlamydia pneumoniae, Legionella 
pneumophila, Mycoplasma pneumoniae), nine viral 
pathogens (Adenovirus, Human metapneumovirus, 
Human rhinovirus/Enterovirus, Influenza A, Influenza 
B, Parainfluenza viruses, Respiratory Syncytial 
viruses), and seven antibiotic resistance genes (MecA/C 
and MREJ, CTX-M, NDM, IMP, OXA-48 like, KPC 
and VIM). The results for typical bacteria are reported 
semi-quantitatively, giving the estimated amount of 
bacterial nucleic acids, with bins allowing the detection 
of around 104, 105, 106, or ≥ 107 copies/mL [3]. 

 
Results 

The total collected sample was 147 patients, with a 
66.7% predominance of males in comparison with 
33.3% females. The age range of the patients in this 
study was 18–98 years, with a mean age of 67.24 ± 
18.23. The collected specimens consisted of 47 BAL 
and 100 sputum specimens. The results of the 
pneumonia panel and culture tests may be seen in Table 
1. The number of corresponding vs noncorresponding 
pathogens that were found in the BAL specimens was 

34 corresponding and 13 noncorresponding pathogens 
between these two tests (Table 2). In both tests, among 
100 sputum specimens, 72 were corresponding 
specimens and 28 specimens were noncorresponding 
(Table 2). 

In the pneumonia panel test results, there were 147 
specimens, comprising 99 pathogen-positive specimens 
(67.35%) with 52 specimens yielding a single pathogen, 
33 specimens yielding 2 pathogens, and 14 specimens 
yielding > 2 pathogens, while in 48 specimens (32.65%) 
no pathogens were found. The 3 most frequent 
pathogens were K. pneumoniae at 21.25%, and A. 
baumannii and P. aeruginosa at 13.13% each (Table 3).  

In the culture test results of 147 sputum and BAL 
specimens, 81 specimens (55.1%) yielded pathogens, 
while 66 specimens (44.9%) did not. These negative 
results indicate either no bacterial growth observed in 
culture or the growth of Streptococcus viridans with 
bacterial counts below the diagnostic threshold for BAL 
specimens (< 10,000 CFU/mL). Of the 81 pathogen-
yielding specimens, there were 78 specimens with a 
single pathogen, whereas 3 specimens yielded 2 
pathogens (bacteria and fungi). In the study results, 
there were 3 of the most frequent pathogens according 
to culture tests, namely K. pneumoniae at 28.57%, P. 
aeruginosa at 17.86% and S. aureus at 14.29% (Table 
3). 

Table 3. Distribution of pneumonia-causing pathogens from pneumonia panel and culture tests. 
Pathogen Pneumonia panel Culture 

n % n % 
K. pneumoniae 34 21.25 24 28.57 
A baumannii 21 13.13 11 13.10 
P. aeruginosa 21 13.13 15 17.86 
S. aureus 17 10.63 12 14.29 
E. coli 11 6.88 8 9.52 
H. influenzae 10 6.25 0 0 
Human rhinovirus/enterovirus 10 6.25 - - 
Influenza A 8 5.00 - - 
S. agalactiae 5 3.13 0 0 
C. albicans - - 5 5.95 
Coronavirus 4 2.50 - - 
E. cloacae 3 1.88 0 0 
Parainfluenza viruses 3 1.88 - - 
M. catarrhalis 2 1.25 0 0 
M. pneumoniae 2 1.25 0 0 
S. pneumoniae 2 1.25 0 0 
Human metapneumovirus 2 1.25 - - 
C. glabrata - - 2 2.38 
S. maltophilia - - 2 2.38 
K. aerogenes 1 0.63 0 0 
S. marcescens 1 0.63 0 0 
Proteus spp. 1 0.63 0 0 
Adenovirus 1 0.63 - - 
Respiratory Syncytial Viruses 1 0.63 - - 
E. faecium - - 1 1.19 
Raoultella planticolae - - 1 1.19 
Rhizobium radiobacter - - 1 1.19 
C. parapsilosis - - 1 1.19 
C. tropicalis - - 1 1.19 
Total 160 100 84 100 
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From the distribution of pathogens, it was found 
that 47 specimens had resistance genes that were 
detected with the pneumonia panel, consisting of 46 
resistance genes of Gram-negative bacteria and 1 
resistance gene of Gram-positive bacteria (Table 4), 
with 23 specimens having a single resistance gene, 17 
specimens having 2 resistance genes, and 7 specimens 
having > 2 resistance genes. 

Based on Tables 5 and 6, the sensitivity test results 
for Gram-negative bacteria show that K. pneumoniae, 
A. baumannii, and E. coli still had a high degree of 
sensitivity to amikacin and tigecycline, while for P. 
aeruginosa, the antibiotics were amikacin and 
piperacillin-tazobactam. For Gram-positive bacteria, 
both S. aureus and E. faecium were still 100% sensitive 
to vancomycin, linezolid, and tigecycline. 

 
Discussion 

In this study, the majority of the patients were males 
at 66.7% and the mean age of the total sample was 67.24 
years. These results were similar to the results of the 
study conducted by Gong et al., who found that the 
majority of patients with pneumonia were males at 
70.6%, with a mean age of 64 ± 20 years [10]. The risk 
factor causing males to be more susceptible to the 
occurrence of pneumonia is that males smoke more than 
females. Smoking causes a person to be more 
susceptible to bacterial infection, because smoking 
causes changes in the structure of the bronchial mucosal 
epithelium, including loss of cilia, enlargement of the 
mucosal glands, increased number of goblet cells, and 
disturbance of several important functions of the innate 

and adaptive immune systems, that may support the 
presence and distribution of microbes in the bronchial 
tract. Other factors that play a role are hormones. 
Estrogens in females function as protection against 
pneumonia by increasing the ability of the body to 
eliminate bacteria, reducing inflammation in the lungs, 
and increasing the survival level. In an in vitro 
experiment, pulmonary macrophages of female rats and 
women showed a higher effectiveness in killing 
accumulated bacteria, caused by activation of nitrogen 
oxide-3 (NOS3) synthase by estrogens. This contributes 
to increasing the ability of macrophages in the killing 
of bacteria, accelerating bacterial cleansing, and 
increasing host survival in cases of primary and 
secondary pneumonia (after influenza infection) [11]. 
In the pneumonia panel test the total number of positive 
specimens reaches 99/147 (67.35%), whereas in culture 
tests the total number of positive specimens is 81/147 
(55.10%). This may be seen from the fact that the 
number of positives from using the pneumonia panel is 
higher than in the culture method. These results are 
similar to those of a study conducted by Zacharioudakis 

Table 4. Distribution of Resistance Genes in Gram-Negative and 
Gram-Positive Bacteria. 
Resistance Gene n % 
Gram Negative   
CTX-M 30 37.97 
IMP 22 27.85 
NDM 17 21.52 
OXA-48-like 8 10.13 
KPC 1 1.27 
Gram Positive   
MecA/C and MREJ 1 1.27 
Total 79 100 

 

Table 5. Sensitivity Pattern of Gram-Negative bacteria from culture tests. 
Gram-Negative 

Bacteria 

Number 
of 

isolates 

AMK 
%S 

GEN 
%S 

AMP 
%S 

ETP 
%S 

MEM 
%S 

CAZ 
%S 

CRO 
%S 

FEP 
%S 

ATM 
%S 

SAM 
%S 

TZP 
%S 

SXT 
%S 

CIP 
%S 

LVX 
%S 

TGC 
%S 

Klebsiella pneumoniae 24 83 63 IR 58 58 46 46 54 46 42 50 46 50  100 
Pseudomonas aeruginosa 15 80 60 0 IR 60 60 IR 47 60 IR 80 IR 47  IR 
Acinetobacter baumannii 11 73 36 IR  36 0 0 9 IR 55 9 55 9  100 

Escherichia coli 8 88 38 0 88 88 25 25 25 25 25 25 25 25  100 
Stenotrophomonas 

maltophilia 2 IR IR IR IR IR  IR  IR IR IR 100  100  

Raoultella planticolae 1 100 100 0  100 100 100 100 100 100 100  100  100 
Rhizobium radiobacter 1 100 100 0  100 100 100 100 100 100 100 100 100 100 100 

AMK: Amikacin; GEN: Gentamicin; AMP: Ampicillin; ETP: Ertapenem; MEM: Meropenem; CAZ: Ceftazidime; CRO: Ceftriaxone; FEP: Cefepime; ATM: 
Aztreonam; SAM: Ampicillin-Sulbactam; TZP: Piperacillin-Tazobactam; SXT: Trimethoprim-Sulfomethoxazole; CIP: Ciprofloxacin; LVX: Levofloxacin; 
TGC: Tigecycline; IR: Intrinsic Resistant). 
 
 
Table 6. Sensitivity Pattern of Gram-Positive bacteria from culture tests. 

Gram-Positive 
Bacteria 

Number 
of isolates 

GEN 
%S 

AMP 
%S 

AMC 
%S 

SXT 
%S 

CIP 
%S 

LVX 
%S 

TCY 
%S 

PEN 
%S 

OXA 
%S 

VAN 
%S 

ERY 
%S 

LNZ 
%S 

MFX 
%S 

CLI 
%S 

TGC 
%S 

Staphylococcus 
aureus 12 83 0 83 83 67 75 67 33 83 100 67 100 75 83 100 

Enterococcus 
faecium 1 0 0 0 IR 0 0 0 0  100 0 100  IR 100 

AMC: Amoxicillin-Clavulanate; TCY: Tetracycline; PEN: Penicillin; OXA: Oxacillin; VAN: Vancomycin; ERY: Erythromycin; LNZ: Linezolid; MFX: 
Moxifloxacin; CLI: Clindamycin). 
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et al., who found that the pneumonia panel may detect 
a total number of pathogens of 74.3%, higher than with 
the culture test, which reaches 41.4% [12]. Similar 
reports were obtained in the study conducted by Yoo et 
al., who obtained higher positive results with the 
pneumonia panel as compared with culture (59.7% vs 
37.3%) [13]. These results were obtained because the 
pneumonia panel constitutes a polymerase chain 
reaction (PCR)-based test that can detect both live and 
dead bacteria and extracellular bacterial DNA [14]. For 
pathogens that are found with the pneumonia panel and 
culture, when at least one identical pathogen is found, 
this study found a correspondence of 72.11% between 
both tests. These results are not very different from the 
study conducted by Lee et al., who obtained a 
correspondence of 79% between both tests [15]. 
Another study conducted by Westhuyzen et al. also 
found a correspondence of 80% between the pneumonia 
panel and culture test [16]. In our study, it was found 
that culture was unable to detect viruses and fastidious 
bacteria, such as H. influenzae, S. pneumoniae, M. 
catarrhalis, and M. pneumoniae, when compared with 
the pneumonia panel that can detect such bacteria. This 
may have been caused by the small number of bacteria 
or by prior administration of antibiotics. These results 
are similar to those of Zacharioudakis et al., who were 
unable to detect fastidious bacteria with the culture test 
[12]. Fastidious bacteria have difficulty growing in 
routine culture conditions, and their growth may be 
inhibited by the growth of normal flora, such that they 
lose their viability [4,16]. On the other hand, the 
limitation of the pneumonia panel is that it cannot detect 
fungi and pathogenic bacteria such as 
Stenotrophomonas maltophilia. The present study 
found Candida sp. and S. maltophilia in the proportions 
of 6.12% and 1.36%, respectively. There are a sufficient 
number of fungi that cause pneumonia in Indonesia, 
especially in patients with severe pneumonia. The study 
conducted by Singh et al. in Cipto Mangunkusumo 
Hospital (RSCM) found that the proportion of 
pneumonia caused by fungi was 5.97% [17]. Similar 
results were found by the study conducted by Webber 
et al., who found that among pathogens causing 
pneumonia 13% were fungi and 2% S. maltophilia [14]. 
Other studies conducted by Jitmuang et al. and Layanto 
et al. found relatively high prevalences of S. maltophilia 
of 16.7% and 25.31%, respectively [18,19]. The 
absence of S. maltophilia as a target in the pneumonia 
panel may be a problem, because this bacterium 
frequently constitutes a pathogen in cases of Hospital 
Associated Pneumonia (HAP) and Ventilator 
Associated Pneumonia (VAP), while this bacterium has 

intrinsic resistance against various antibiotics [18]. S. 
maltophilia may cause significant morbidity and 
mortality. The study by Guerci et al. found mortality 
figures of 49.7% as a result of infection by S. 
maltophilia among pneumonia patients in intensive care 
units [20].  

Discrepancies were observed between the 
pneumonia panel results and conventional culture 
methods in pathogen detection. While most undetected 
pathogens consisted of viruses and fastidious bacteria, 
the pneumonia panel successfully identified several 
non-fastidious bacterial species - including 
Staphylococcus aureus, Klebsiella pneumoniae, and 
Acinetobacter baumannii - that failed to grow in 
culture. This discrepancy may be attributed to prior 
antibiotic administration before specimen collection, 
representing a notable study limitation, as we could not 
differentiate between patients who had or had not 
received empirical antibiotics. These findings 
corroborate previous studies by Yoo et al., who 
similarly reported pneumonia panel detection of non-
fastidious organisms (Serratia marcescens, Klebsiella 
oxytoca, and Proteus spp.) with negative culture results. 
Comparable results were demonstrated in Webber et 
al.'s study, which identified additional non-fastidious 
species (S. aureus, E. cloacae, S. agalactiae, and 
Proteus spp.) detected exclusively by the pneumonia 
panel. Webber's research further established that 
specimen type and bacterial load serve as significant 
predictors for pneumonia panel detection. The observed 
enhanced sensitivity of PCR-based methods stems from 
their capacity to detect both viable and non-viable 
bacteria along with extracellular bacterial DNA, 
representing a key advantage over traditional culture 
techniques [13,14] 

In the present study, we found that the most 
frequent cause of pneumonia was K. pneumoniae at 
21.25% using the pneumonia panel and 28.57% using 
the culture test. Other pathogens that were also 
frequently found were other Gram-negative bacteria, 
such as P. aeruginosa and A. baumannii, both at 
13.13%, whereas the most frequent viruses were human 
rhinovirus/enterovirus that contributed a prevalence of 
6.25%. These results are also similar to the study 
conducted in Bandung by Soeroto et al., who found that 
the 3 most frequent pathogens found in patients with 
pneumonia were K. pneumoniae, A. baumannii, and P. 
aeruginosa at 23.9%, 19.4%, and 18.1%, respectively 
[21]. Similar results were also found in several studies 
that were conducted in Indonesia, among others, the 
study by Susanto et al., conducted at Dr. Soedarsono 
Hospital in Pasuruan, found the most frequent pathogen 
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to be K. pneumoniae at 25.4%, followed by A. 
baumannii at 15.3% [11]. The study conducted at Budhi 
Asih Hospital in Jakarta by Dharmawan et al. found that 
the most numerous pathogens causing community-
acquired pneumonia (CAP) were K. pneumoniae at 
29.6%, followed by A. baumannii at 10.2% [5]. In the 
results found by the study of Carugati et al., the most 
numerous pathogens causing pneumonia were S. 
pneumoniae at 8.2%, followed by Gram-negative 
bacteria such as P. aeruginosa and K. pneumoniae. A 
meta-analysis conducted by Shoar et al. also concluded 
that the most common pathogen causing pneumonia 
was S. pneumoniae [22,23]. These differences in 
etiology may have been caused by regional differences; 
as had been mentioned previously, the majority of 
pathogens in Indonesia are Gram-negative bacteria. 
This may have been influenced by colonization of the 
nasopharynx by bacteria that mostly have the potential 
to become pneumonia-causing pathogens. The study 
conducted by Farida et al. in Semarang found a 
prevalence of 15% in K. pneumoniae colonizing the 
nasopharynx of adults, whereas other Gram-negative 
bacteria had a prevalence of 19%. This is associated 
with the relatively poor hygiene of foods and drinks 
[24]. In this study, we identified Raoultella planticola 
and Rhizobium radiobacter, which are rarely 
pathogenic. However, we decided to report both 
isolates as clinically significant pathogens based on the 
following considerations: (1) BAL cultures from both 
patients showed pure growth of a single isolate, (2) 
bacterial counts exceeded the diagnostic threshold (> 
10,000 CFU/mL), and (3) clinical correlation supported 
a diagnosis of pneumonia in both cases. 

This study found that the prevalence of the ESBL 
CTX-M gene was 37.97%, followed by the 
carbapenemase IMP gene at 27.85%, NDM at 21.52% 
and OXA-48-like at 10.13%. Similar results were found 
in the study of Jitmuang et al., where the most frequent 
resistance genes detected were CTX-M at 42.9%, 
whereas our finding for carbapenemase was slightly 
different from their study, which found that the most 
numerous genes were OXA-48-like at 25%, followed 
by NDM at 14.3%. Of the 6 CTX-M genes that were 
detected singly with corresponding bacteria found 
between culture and pneumonia panel, all had 
phenotypic resistance to 3rd generation cephalosporins, 
such that there was a 100% correspondence between 
genotypes and phenotypes. In our study, of the 28 
carbapenemase genes that were detected in 
corresponding bacteria between culture and pneumonia 
panel, there were 26 corresponding genes between 
bacteria with ≥ 1 carbapenemase gene (IMP, NDM, 

KPC, OXA-48-like) and carbapenem-resistant 
phenotypes. However, 2 were different because 
although they also had ≥ 1 carbapenemase gene, they 
were, by resistance testing, still sensitive to the 
carbapenem antibiotics group, such that there was a 
genotypic-phenotypic correspondence of 92.86%. 
These results were also similar to those of the study 
conducted by Gong et al., who found consistency 
between the detected genotypes of the resistance genes 
and the phenotypic resistance, with a correspondence of 
85%. These results may have been caused by several 
factors, among other things, heteroresistant 
microorganisms, lack of expression of the 
aforementioned carbapenemase gene, mixed 
populations, and loss of plasmids carrying these 
resistance genes, but this needs to be replicated for both 
genotypic and phenotypic confirmation, using different 
methods if any [25]. This constitutes one of the 
limitations of this study, because in this study, no 
replicate testing was conducted, such that the causes of 
these inconsistencies in results could not be definitely 
confirmed.  

Among the sensitivity patterns that were 
determined phenotypically on the antibiotics that were 
excellent against K. pneumoniae, were amikacin at 83% 
and tigecycline at 100%. The sensitivity of A. 
baumannii and other bacteria for tigecycline was also 
100%, whereas the sensitivity of A. baumannii for 
amikacin was 73%. On the other hand, in the case of P. 
aeruginosa, the antibiotics for which its sensitivity was 
excellent were amikacin and piperacillin-tazobactam, 
for both of which the sensitivity was 80%. The study 
results of Sitompul et al. showed that the sensitivities of 
K. pneumoniae, A. baumannii, and P. aeruginosa for 
amikacin were 93%, 67%, and 63%, respectively [26]. 
The study conducted by Djordjevic et al. found that the 
antibiotic for which P. aeruginosa was the most 
sensitive was piperacillin-tazobactam, with a sensitivity 
of 72.8% in cases of HAP [27]. Tigecycline has been 
approved by the FDA (Food and Drug Administration) 
of the United States for the treatment of infections 
complicated skin and skin structure infections, 
complicated intra-abdominal infections, and 
community pneumonia. A systematic review showed 
that the use of tigecycline combinations may 
significantly reduce the 30-day mortality rates in 
comparison with the use of monotherapy against 
carbapenem-resistant Enterobacterales. The review 
showed that combinations with meropenem in cases of 
carbapenemase-producing K. pneumoniae may increase 
the survival rates. Another study that was conducted by 
Zhang et al. recommends combinations of tigecycline 
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and amikacin for carbapenem-resistant K. pneumoniae. 
The study of Zhou et al. also showed that tigecycline 
constitutes one of the potential choices for treating HAP 
caused by multidrug-resistant A. baumannii [28–30]. 
The limitation of this study is that it was conducted 
retrospectively, such that it is unknown whether or not 
the tested specimens had received antibiotics before the 
test was conducted or whether or not the patients had 
taken antibiotics on their own.  

 
Conclusions 

The pneumonia panel test may increase the 
positivity figures when compared with culture (67.35% 
vs 55.10%). Other advantages of this test are its ability 
to detect resistance genes, which can be used to adjust 
the administration of antibiotics, and the shorter time 
needed to obtain results. However, the limitation of the 
pneumonia panel test is that there are as yet no fungi 
and S. maltophilia as targets that have sufficient 
potential to become causative pathogens of pneumonia. 
In this study, the prevalence of bacteria with resistance 
genes was 47/99 pathogen-containing specimens or 
47.47%. From the phenotypic tests, it was found that 
the best choice of antibiotics for Gram-negative 
bacteria in this study was tigecycline and amikacin, 
except for P. aeruginosa, because it has an intrinsic 
resistance to tigecycline. 
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The role of syndromic testing in pneumonia diagnosis: a comparison with culture 
methods 
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Abstract 
Introduction: Pneumonia is an infection in the pulmonary tissue that is caused by bacteria, viruses, fungi, or parasites. Based on Indonesian 
Health Survey data for 2023, the prevalence of pneumonia was 10.8%. The rapid detection of pathogens accompanied by their antibiotic 
sensitivity pattern is crucial to obtain relevant outcomes. The gold standard test by bacterial culture needs approximately 72 hours. In order to 
speed this up, the PCR-based test was developed, such as syndromic testing.  
Methodology: The present study was a retrospective study conducted from May 2021 to July 2024, using total sampling, on BAL and sputum 
specimens, with as inclusion criteria of patients aged ≥ 18 years diagnosed with pneumonia on the basis of bacterial culture and the pneumonia 
panel test.  
Results: A total of 147 specimens were collected, with a 66.7% predominance of males and a mean age of 67.24 ± 18.23 years. There was 
72.11% correspondence between the two tests, with the proportion of pathogens being 67.35% from the pneumonia panel test and 55.1% from 
culture. The distribution of pathogens in both tests was dominated by K. pneumoniae, whereas the most frequent antibiotic resistance genes 
were CTX-M and IMP. The antibiotics that may still be of choice for the therapy of Gram-negative bacteria are tigecycline and amikacin, while 
for P. aeruginosa, the antibiotic of choice is piperacillin-tazobactam.  
Conclusions: The pneumonia panel test provides higher positivity rates, faster results, and detects resistance genes, but lacks coverage for fungi 
and S. maltophilia. 
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Introduction 
Pneumonia is an acute respiratory tract infection 

affecting the pulmonary tissues, which may be caused 
by bacteria, viruses, fungi, or parasites. Pneumonia is 
frequently the cause of an individual becoming 
hospitalized and is one of the principal causes of 
morbidity and mortality throughout the world. Based on 
the Indonesian Health Survey (Survei Kesehatan 
Indonesia) data for 2023, the prevalence of pneumonia 
in Indonesia was found to be 10.8%, with the highest 
prevalence of 12.6% at ≥ 75 years. A study in Mongolia 
on patients ≥ 18 years old found an incidence of 
hospitalized pneumonia patients of 17.65% in the year 
2018 [1,2]. 

The rapid detection of pathogens accompanied by 
their antibiotic sensitivity pattern is crucial to the 
administration of appropriate therapy, such that it may 
produce relevant clinical outcomes. Delay in the 
administration of antibiotics may result in prolonged 
hospitalization and increased mortality rate. The current 
gold standard for the microbiological diagnosis of 
pneumonia is the culture method, which needs 

approximately 72 hours to identify bacteria and their 
resistance pattern. Apart from this, conventional 
methods are frequently also less sensitive and are 
capable of detecting only 30 - 50% of pathogens in 
patients with a diagnosis of pneumonia. This may be 
influenced by prior empirical antibiotic administration 
as well as by poor pre-analytical preparation for 
fastidious bacteria requiring special conditions. 
Therefore, there is a need for rapid and reliable tests for 
pneumonia [3–5]. 

To overcome these limitations, several tests based 
on the polymerase chain reaction (PCR) have been 
developed to detect viral and bacterial pathogens and 
antibiotic resistance genes. This has the potential to 
revolutionize therapies by directly providing 
information to physicians about the existing pathogens 
and their probable antibiotic sensitivity by detecting 
genotypic resistance markers. Several studies have 
shown the superior diagnostic accuracy of the PCR-
based platforms to detect bacterial pathogens in sputum 
as compared with standard culture. The BioFire 
FilmArray® pneumonia panel (BioFire Diagnostics 
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LLC, Salt Lake City, UT, USA) constitutes a multiplex 
PCR test that can detect 15 typical bacteria, 3 atypical 
bacteria, 8 respiratory viruses, and 7 antibiotic 
resistance markers. This test gives semi-quantitative 
results for 15 bacteria within approximately 1 hour and 
was approved by the FDA (Food and Drug 
Administration) in 2018 [6–9]. The present study was 
conducted to compare pneumonia panel syndromic 
testing with bacterial culture in sputum and broncho-
alveolar lavage (BAL) specimens. 

 
Methodology 

This was a retrospective study at a private hospital 
in Jakarta from May 2021 – July 2024. The samples 
used were sputum and BAL specimens from patients 
with a diagnosis of pneumonia. The specimens were 
collected by total sampling, which obtained 147 
specimens from sputum (100 specimens) and BAL (47 
specimens). The applied inclusion criteria were, among 
others, patients aged ≥ 18 years with a diagnosis of 
pneumonia, who underwent pneumonia panel 
syndromic testing and resistance cultures in parallel. 
The exclusion criteria comprised samples for follow-up 
tests or treatment evaluations and poor-quality sputum. 
This study obtained ethical clearance from the Research 
Ethics Committee, Faculty of Medicine and Health 
Science UKRIDA under No. 
1861/SLKE/IM/UKKW/FKIK/KEPK/X/2024. 

 
Culture Tests 

Cultures were conducted according to standard 
operating procedures for laboratories. Sputum quality 
was evaluated using American Society for 
Microbiology (ASM) criteria by Gram staining of the 
samples with an epithelial cell count of < 10/lpf or a 
leukocyte/SEC ratio of ≥ 10 and > 5 microbes per field 
at 100× magnification. All specimens meeting the 
requirements were then inoculated in blood agar, 
chocolate agar, and MacConkey agar (Oxoid, 
Thermofisher Scientific, Massachusetts, USA) for 
bacterial identification and sensitivity testing using the 
Vitex®-2 system (bioMérieux, Marcy l'Étoile, France). 

 

BioFire FilmArray® Pneumonia panel 
Based on the manufacturer’s instructions, the 

pneumonia panel test was done using the included 
flocked swabs for sputum and BAL specimens. The 
swabbed samples were mixed with sample buffer and 
injected into the pneumonia panel cartridge, which was 
then inserted into the FilmArray instrument for 
analysis. The BioFire FilmArray® pneumonia panel is a 
closed-pouch system that performs PCR multiplex 
nested extraction of nucleic acids and final analysis. 
The panel tests 15 typical bacterial pathogens, 
consisting of 11 Gram-negative species (Acinetobacter 
calcoaceticus-baumannii complex, Enterobacter 
cloacae, Escherichia coli, Haemophilus influenzae, 
Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella 

Table 1. Distribution of Pneumonia Panel and Culture Results in 
BAL Specimens (n = 47) and Sputum Specimens (n = 100). 

Pneumonia panel 
Culture 

Pathogens + Pathogens - 
BAL (47 specimens)   
Pathogens + 29 5 
Negative 4 9 
Sputum (100 specimens)   
Pathogens + 44 21 
Negative 4 31 

 

Table 2. Correspondence vs. noncorrespondence between 
pneumonia panel and culture test results for BAL and sputum 
specimens. 
No. Pneumonia Panel Culture 
BAL specimens  

1 Negative Candida tropicalis 
2 Negative Candida albicans 
3 Pseudomonas aeruginosa Candida albicans 
4 Haemophilus influenzae Negative 
5 Haemophilus influenzae Negative 
6 Human Rhinovirus/Enterovirus Negative 
7 Influenza A Negative 
8 Coronavirus Klebsiella pneumoniae 
9 Negative Raoultella planticolae 

10 S. aureus, H. influenzae Klebsiella pneumoniae 
11 Negative Rhizobium radiobacter 
12 Acinetobacter baumannii Negative 
13 Coronavirus Klebsiella pneumoniae 

Sputum specimens  
1 S. aureus Negative 
2 Negative C. albicans 
3 Negative S. aureus 
4 H. influenzae, M. catarrhalis Negative 
5 K. pneumoniae Negative 
6 S. pneumoniae Negative 
7 S. aureus Negative 
8 A. baumannii E. faecium 
9 A. baumannii, Parainfluenza viruses Negative 

10 Human Rhinovirus/Enterovirus Negative 
11 Human metapneumovirus Negative 
12 Parainfluenza Viruses Negative 

13 
H. influenzae, Adenovirus, Human 
Rhinovirus/Enterovirus 

Negative 

14 Negative E. coli 
15 A. baumannii S. maltophilia 

16 
M. pneumoniae, Human 
Rhinovirus/Enterovirus, Influenza A 

Negative 

17 Negative C. albicans 
18 Human Rhinovirus/Enterovirus S. aureus 
19 H. influenzae, Parainfluenza viruses C. glabrata 
20 Human Rhinovirus/Enterovirus Negative 
21 Influenza A Negative 
22 Influenza A Negative 
23 H. influenzae Negative 
24 Respiratory Syncytial Viruses Negative 
25 H. influenzae S. maltophilia 
26 Influenza A Negative 
27 M. catarrhalis, S. agalactiae Negative 
28 Coronavirus Negative 
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pneumoniae, Moraxella catarrhalis, Proteus spp., 
Pseudomonas aeruginosa, Serratia marcescens), and 
four Gram-positive species (Staphylococcus aureus, 
Streptococcus agalactiae, Streptococcus pneumoniae, 
Streptococcus pyogenes), three atypical bacterial 
pathogens (Chlamydia pneumoniae, Legionella 
pneumophila, Mycoplasma pneumoniae), nine viral 
pathogens (Adenovirus, Human metapneumovirus, 
Human rhinovirus/Enterovirus, Influenza A, Influenza 
B, Parainfluenza viruses, Respiratory Syncytial 
viruses), and seven antibiotic resistance genes (MecA/C 
and MREJ, CTX-M, NDM, IMP, OXA-48 like, KPC 
and VIM). The results for typical bacteria are reported 
semi-quantitatively, giving the estimated amount of 
bacterial nucleic acids, with bins allowing the detection 
of around 104, 105, 106, or ≥ 107 copies/mL [3]. 

 
Results 

The total collected sample was 147 patients, with a 
66.7% predominance of males in comparison with 
33.3% females. The age range of the patients in this 
study was 18–98 years, with a mean age of 67.24 ± 
18.23. The collected specimens consisted of 47 BAL 
and 100 sputum specimens. The results of the 
pneumonia panel and culture tests may be seen in Table 
1. The number of corresponding vs noncorresponding 
pathogens that were found in the BAL specimens was 

34 corresponding and 13 noncorresponding pathogens 
between these two tests (Table 2). In both tests, among 
100 sputum specimens, 72 were corresponding 
specimens and 28 specimens were noncorresponding 
(Table 2). 

In the pneumonia panel test results, there were 147 
specimens, comprising 99 pathogen-positive specimens 
(67.35%) with 52 specimens yielding a single pathogen, 
33 specimens yielding 2 pathogens, and 14 specimens 
yielding > 2 pathogens, while in 48 specimens (32.65%) 
no pathogens were found. The 3 most frequent 
pathogens were K. pneumoniae at 21.25%, and A. 
baumannii and P. aeruginosa at 13.13% each (Table 3).  

In the culture test results of 147 sputum and BAL 
specimens, 81 specimens (55.1%) yielded pathogens, 
while 66 specimens (44.9%) did not. These negative 
results indicate either no bacterial growth observed in 
culture or the growth of Streptococcus viridans with 
bacterial counts below the diagnostic threshold for BAL 
specimens (< 10,000 CFU/mL). Of the 81 pathogen-
yielding specimens, there were 78 specimens with a 
single pathogen, whereas 3 specimens yielded 2 
pathogens (bacteria and fungi). In the study results, 
there were 3 of the most frequent pathogens according 
to culture tests, namely K. pneumoniae at 28.57%, P. 
aeruginosa at 17.86% and S. aureus at 14.29% (Table 
3). 

Table 3. Distribution of pneumonia-causing pathogens from pneumonia panel and culture tests. 

Pathogen 
Pneumonia panel Culture 

n % n % 
K. pneumoniae 34 21.25 24 28.57 
A baumannii 21 13.13 11 13.10 
P. aeruginosa 21 13.13 15 17.86 
S. aureus 17 10.63 12 14.29 
E. coli 11 6.88 8 9.52 
H. influenzae 10 6.25 0 0 
Human rhinovirus/enterovirus 10 6.25 - - 
Influenza A 8 5.00 - - 
S. agalactiae 5 3.13 0 0 
C. albicans - - 5 5.95 
Coronavirus 4 2.50 - - 
E. cloacae 3 1.88 0 0 
Parainfluenza viruses 3 1.88 - - 
M. catarrhalis 2 1.25 0 0 
M. pneumoniae 2 1.25 0 0 
S. pneumoniae 2 1.25 0 0 
Human metapneumovirus 2 1.25 - - 
C. glabrata - - 2 2.38 
S. maltophilia - - 2 2.38 
K. aerogenes 1 0.63 0 0 
S. marcescens 1 0.63 0 0 
Proteus spp. 1 0.63 0 0 
Adenovirus 1 0.63 - - 
Respiratory Syncytial Viruses 1 0.63 - - 
E. faecium - - 1 1.19 
Raoultella planticolae - - 1 1.19 
Rhizobium radiobacter - - 1 1.19 
C. parapsilosis - - 1 1.19 
C. tropicalis - - 1 1.19 
Total 160 100 84 100 
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From the distribution of pathogens, it was found 
that 47 specimens had resistance genes that were 
detected with the pneumonia panel, consisting of 46 
resistance genes of Gram-negative bacteria and 1 
resistance gene of Gram-positive bacteria (Table 4), 
with 23 specimens having a single resistance gene, 17 
specimens having 2 resistance genes, and 7 specimens 
having > 2 resistance genes. 

Based on Tables 5 and 6, the sensitivity test results 
for Gram-negative bacteria show that K. pneumoniae, 
A. baumannii, and E. coli still had a high degree of 
sensitivity to amikacin and tigecycline, while for P. 
aeruginosa, the antibiotics were amikacin and 
piperacillin-tazobactam. For Gram-positive bacteria, 
both S. aureus and E. faecium were still 100% sensitive 
to vancomycin, linezolid, and tigecycline. 

 
Discussion 

In this study, the majority of the patients were males 
at 66.7% and the mean age of the total sample was 67.24 
years. These results were similar to the results of the 
study conducted by Gong et al., who found that the 
majority of patients with pneumonia were males at 
70.6%, with a mean age of 64 ± 20 years [10]. The risk 
factor causing males to be more susceptible to the 
occurrence of pneumonia is that males smoke more than 
females. Smoking causes a person to be more 
susceptible to bacterial infection, because smoking 
causes changes in the structure of the bronchial mucosal 
epithelium, including loss of cilia, enlargement of the 
mucosal glands, increased number of goblet cells, and 
disturbance of several important functions of the innate 

and adaptive immune systems, that may support the 
presence and distribution of microbes in the bronchial 
tract. Other factors that play a role are hormones. 
Estrogens in females function as protection against 
pneumonia by increasing the ability of the body to 
eliminate bacteria, reducing inflammation in the lungs, 
and increasing the survival level. In an in vitro 
experiment, pulmonary macrophages of female rats and 
women showed a higher effectiveness in killing 
accumulated bacteria, caused by activation of nitrogen 
oxide-3 (NOS3) synthase by estrogens. This contributes 
to increasing the ability of macrophages in the killing 
of bacteria, accelerating bacterial cleansing, and 
increasing host survival in cases of primary and 
secondary pneumonia (after influenza infection) [11]. 
In the pneumonia panel test the total number of positive 
specimens reaches 99/147 (67.35%), whereas in culture 
tests the total number of positive specimens is 81/147 
(55.10%). This may be seen from the fact that the 
number of positives from using the pneumonia panel is 
higher than in the culture method. These results are 
similar to those of a study conducted by Zacharioudakis 

Table 4. Distribution of Resistance Genes in Gram-Negative and 
Gram-Positive Bacteria. 
Resistance Gene n % 
Gram Negative   
CTX-M 30 37.97 
IMP 22 27.85 
NDM 17 21.52 
OXA-48-like 8 10.13 
KPC 1 1.27 
Gram Positive   
MecA/C and MREJ 1 1.27 
Total 79 100 

 

Table 5. Sensitivity Pattern of Gram-Negative bacteria from culture tests. 

Gram-Negative 
Bacteria 

Number 
of 

isolates 

AMK 
%S 

GEN 
%S 

AMP 
%S 

ETP 
%S 

MEM 
%S 

CAZ 
%S 

CRO 
%S 

FEP 
%S 

ATM 
%S 

SAM 
%S 

TZP 
%S 

SXT 
%S 

CIP 
%S 

LVX 
%S 

TGC 
%S 

Klebsiella pneumoniae 24 83 63 IR 58 58 46 46 54 46 42 50 46 50  100 
Pseudomonas aeruginosa 15 80 60 0 IR 60 60 IR 47 60 IR 80 IR 47  IR 
Acinetobacter baumannii 11 73 36 IR  36 0 0 9 IR 55 9 55 9  100 

Escherichia coli 8 88 38 0 88 88 25 25 25 25 25 25 25 25  100 
Stenotrophomonas 

maltophilia 
2 IR IR IR IR IR  IR  IR IR IR 100  100  

Raoultella planticolae 1 100 100 0  100 100 100 100 100 100 100  100  100 
Rhizobium radiobacter 1 100 100 0  100 100 100 100 100 100 100 100 100 100 100 

AMK: Amikacin; GEN: Gentamicin; AMP: Ampicillin; ETP: Ertapenem; MEM: Meropenem; CAZ: Ceftazidime; CRO: Ceftriaxone; FEP: Cefepime; ATM: 
Aztreonam; SAM: Ampicillin-Sulbactam; TZP: Piperacillin-Tazobactam; SXT: Trimethoprim-Sulfomethoxazole; CIP: Ciprofloxacin; LVX: Levofloxacin; 
TGC: Tigecycline; IR: Intrinsic Resistant). 
 
 
Table 6. Sensitivity Pattern of Gram-Positive bacteria from culture tests. 

Gram-Positive 
Bacteria 

Number 
of isolates 

GEN 
%S 

AMP 
%S 

AMC 
%S 

SXT 
%S 

CIP 
%S 

LVX 
%S 

TCY 
%S 

PEN 
%S 

OXA 
%S 

VAN 
%S 

ERY 
%S 

LNZ 
%S 

MFX 
%S 

CLI 
%S 

TGC 
%S 

Staphylococcus 
aureus 

12 83 0 83 83 67 75 67 33 83 100 67 100 75 83 100 

Enterococcus 
faecium 

1 0 0 0 IR 0 0 0 0  100 0 100  IR 100 

AMC: Amoxicillin-Clavulanate; TCY: Tetracycline; PEN: Penicillin; OXA: Oxacillin; VAN: Vancomycin; ERY: Erythromycin; LNZ: Linezolid; MFX: 
Moxifloxacin; CLI: Clindamycin). 
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et al., who found that the pneumonia panel may detect 
a total number of pathogens of 74.3%, higher than with 
the culture test, which reaches 41.4% [12]. Similar 
reports were obtained in the study conducted by Yoo et 
al., who obtained higher positive results with the 
pneumonia panel as compared with culture (59.7% vs 
37.3%) [13]. These results were obtained because the 
pneumonia panel constitutes a polymerase chain 
reaction (PCR)-based test that can detect both live and 
dead bacteria and extracellular bacterial DNA [14]. For 
pathogens that are found with the pneumonia panel and 
culture, when at least one identical pathogen is found, 
this study found a correspondence of 72.11% between 
both tests. These results are not very different from the 
study conducted by Lee et al., who obtained a 
correspondence of 79% between both tests [15]. 
Another study conducted by Westhuyzen et al. also 
found a correspondence of 80% between the pneumonia 
panel and culture test [16]. In our study, it was found 
that culture was unable to detect viruses and fastidious 
bacteria, such as H. influenzae, S. pneumoniae, M. 
catarrhalis, and M. pneumoniae, when compared with 
the pneumonia panel that can detect such bacteria. This 
may have been caused by the small number of bacteria 
or by prior administration of antibiotics. These results 
are similar to those of Zacharioudakis et al., who were 
unable to detect fastidious bacteria with the culture test 
[12]. Fastidious bacteria have difficulty growing in 
routine culture conditions, and their growth may be 
inhibited by the growth of normal flora, such that they 
lose their viability [4,16]. On the other hand, the 
limitation of the pneumonia panel is that it cannot detect 
fungi and pathogenic bacteria such as 
Stenotrophomonas maltophilia. The present study 
found Candida sp. and S. maltophilia in the proportions 
of 6.12% and 1.36%, respectively. There are a sufficient 
number of fungi that cause pneumonia in Indonesia, 
especially in patients with severe pneumonia. The study 
conducted by Singh et al. in Cipto Mangunkusumo 
Hospital (RSCM) found that the proportion of 
pneumonia caused by fungi was 5.97% [17]. Similar 
results were found by the study conducted by Webber 
et al., who found that among pathogens causing 
pneumonia 13% were fungi and 2% S. maltophilia [14]. 
Other studies conducted by Jitmuang et al. and Layanto 
et al. found relatively high prevalences of S. maltophilia 
of 16.7% and 25.31%, respectively [18,19]. The 
absence of S. maltophilia as a target in the pneumonia 
panel may be a problem, because this bacterium 
frequently constitutes a pathogen in cases of Hospital 
Associated Pneumonia (HAP) and Ventilator 
Associated Pneumonia (VAP), while this bacterium has 

intrinsic resistance against various antibiotics [18]. S. 
maltophilia may cause significant morbidity and 
mortality. The study by Guerci et al. found mortality 
figures of 49.7% as a result of infection by S. 
maltophilia among pneumonia patients in intensive care 
units [20].  

Discrepancies were observed between the 
pneumonia panel results and conventional culture 
methods in pathogen detection. While most undetected 
pathogens consisted of viruses and fastidious bacteria, 
the pneumonia panel successfully identified several 
non-fastidious bacterial species - including 
Staphylococcus aureus, Klebsiella pneumoniae, and 
Acinetobacter baumannii - that failed to grow in 
culture. This discrepancy may be attributed to prior 
antibiotic administration before specimen collection, 
representing a notable study limitation, as we could not 
differentiate between patients who had or had not 
received empirical antibiotics. These findings 
corroborate previous studies by Yoo et al., who 
similarly reported pneumonia panel detection of non-
fastidious organisms (Serratia marcescens, Klebsiella 
oxytoca, and Proteus spp.) with negative culture results. 
Comparable results were demonstrated in Webber et 
al.'s study, which identified additional non-fastidious 
species (S. aureus, E. cloacae, S. agalactiae, and 
Proteus spp.) detected exclusively by the pneumonia 
panel. Webber's research further established that 
specimen type and bacterial load serve as significant 
predictors for pneumonia panel detection. The observed 
enhanced sensitivity of PCR-based methods stems from 
their capacity to detect both viable and non-viable 
bacteria along with extracellular bacterial DNA, 
representing a key advantage over traditional culture 
techniques [13,14] 

In the present study, we found that the most 
frequent cause of pneumonia was K. pneumoniae at 
21.25% using the pneumonia panel and 28.57% using 
the culture test. Other pathogens that were also 
frequently found were other Gram-negative bacteria, 
such as P. aeruginosa and A. baumannii, both at 
13.13%, whereas the most frequent viruses were human 
rhinovirus/enterovirus that contributed a prevalence of 
6.25%. These results are also similar to the study 
conducted in Bandung by Soeroto et al., who found that 
the 3 most frequent pathogens found in patients with 
pneumonia were K. pneumoniae, A. baumannii, and P. 
aeruginosa at 23.9%, 19.4%, and 18.1%, respectively 
[21]. Similar results were also found in several studies 
that were conducted in Indonesia, among others, the 
study by Susanto et al., conducted at Dr. Soedarsono 
Hospital in Pasuruan, found the most frequent pathogen 
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to be K. pneumoniae at 25.4%, followed by A. 
baumannii at 15.3% [11]. The study conducted at Budhi 
Asih Hospital in Jakarta by Dharmawan et al. found that 
the most numerous pathogens causing community-
acquired pneumonia (CAP) were K. pneumoniae at 
29.6%, followed by A. baumannii at 10.2% [5]. In the 
results found by the study of Carugati et al., the most 
numerous pathogens causing pneumonia were S. 
pneumoniae at 8.2%, followed by Gram-negative 
bacteria such as P. aeruginosa and K. pneumoniae. A 
meta-analysis conducted by Shoar et al. also concluded 
that the most common pathogen causing pneumonia 
was S. pneumoniae [22,23]. These differences in 
etiology may have been caused by regional differences; 
as had been mentioned previously, the majority of 
pathogens in Indonesia are Gram-negative bacteria. 
This may have been influenced by colonization of the 
nasopharynx by bacteria that mostly have the potential 
to become pneumonia-causing pathogens. The study 
conducted by Farida et al. in Semarang found a 
prevalence of 15% in K. pneumoniae colonizing the 
nasopharynx of adults, whereas other Gram-negative 
bacteria had a prevalence of 19%. This is associated 
with the relatively poor hygiene of foods and drinks 
[24]. In this study, we identified Raoultella planticola 
and Rhizobium radiobacter, which are rarely 
pathogenic. However, we decided to report both 
isolates as clinically significant pathogens based on the 
following considerations: (1) BAL cultures from both 
patients showed pure growth of a single isolate, (2) 
bacterial counts exceeded the diagnostic threshold (> 
10,000 CFU/mL), and (3) clinical correlation supported 
a diagnosis of pneumonia in both cases. 

This study found that the prevalence of the ESBL 
CTX-M gene was 37.97%, followed by the 
carbapenemase IMP gene at 27.85%, NDM at 21.52% 
and OXA-48-like at 10.13%. Similar results were found 
in the study of Jitmuang et al., where the most frequent 
resistance genes detected were CTX-M at 42.9%, 
whereas our finding for carbapenemase was slightly 
different from their study, which found that the most 
numerous genes were OXA-48-like at 25%, followed 
by NDM at 14.3%. Of the 6 CTX-M genes that were 
detected singly with corresponding bacteria found 
between culture and pneumonia panel, all had 
phenotypic resistance to 3rd generation cephalosporins, 
such that there was a 100% correspondence between 
genotypes and phenotypes. In our study, of the 28 
carbapenemase genes that were detected in 
corresponding bacteria between culture and pneumonia 
panel, there were 26 corresponding genes between 
bacteria with ≥ 1 carbapenemase gene (IMP, NDM, 

KPC, OXA-48-like) and carbapenem-resistant 
phenotypes. However, 2 were different because 
although they also had ≥ 1 carbapenemase gene, they 
were, by resistance testing, still sensitive to the 
carbapenem antibiotics group, such that there was a 
genotypic-phenotypic correspondence of 92.86%. 
These results were also similar to those of the study 
conducted by Gong et al., who found consistency 
between the detected genotypes of the resistance genes 
and the phenotypic resistance, with a correspondence of 
85%. These results may have been caused by several 
factors, among other things, heteroresistant 
microorganisms, lack of expression of the 
aforementioned carbapenemase gene, mixed 
populations, and loss of plasmids carrying these 
resistance genes, but this needs to be replicated for both 
genotypic and phenotypic confirmation, using different 
methods if any [25]. This constitutes one of the 
limitations of this study, because in this study, no 
replicate testing was conducted, such that the causes of 
these inconsistencies in results could not be definitely 
confirmed.  

Among the sensitivity patterns that were 
determined phenotypically on the antibiotics that were 
excellent against K. pneumoniae, were amikacin at 83% 
and tigecycline at 100%. The sensitivity of A. 
baumannii and other bacteria for tigecycline was also 
100%, whereas the sensitivity of A. baumannii for 
amikacin was 73%. On the other hand, in the case of P. 
aeruginosa, the antibiotics for which its sensitivity was 
excellent were amikacin and piperacillin-tazobactam, 
for both of which the sensitivity was 80%. The study 
results of Sitompul et al. showed that the sensitivities of 
K. pneumoniae, A. baumannii, and P. aeruginosa for 
amikacin were 93%, 67%, and 63%, respectively [26]. 
The study conducted by Djordjevic et al. found that the 
antibiotic for which P. aeruginosa was the most 
sensitive was piperacillin-tazobactam, with a sensitivity 
of 72.8% in cases of HAP [27]. Tigecycline has been 
approved by the FDA (Food and Drug Administration) 
of the United States for the treatment of infections 
complicated skin and skin structure infections, 
complicated intra-abdominal infections, and 
community pneumonia. A systematic review showed 
that the use of tigecycline combinations may 
significantly reduce the 30-day mortality rates in 
comparison with the use of monotherapy against 
carbapenem-resistant Enterobacterales. The review 
showed that combinations with meropenem in cases of 
carbapenemase-producing K. pneumoniae may increase 
the survival rates. Another study that was conducted by 
Zhang et al. recommends combinations of tigecycline 
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and amikacin for carbapenem-resistant K. pneumoniae. 
The study of Zhou et al. also showed that tigecycline 
constitutes one of the potential choices for treating HAP 
caused by multidrug-resistant A. baumannii [28–30]. 
The limitation of this study is that it was conducted 
retrospectively, such that it is unknown whether or not 
the tested specimens had received antibiotics before the 
test was conducted or whether or not the patients had 
taken antibiotics on their own.  

 
Conclusions 

The pneumonia panel test may increase the 
positivity figures when compared with culture (67.35% 
vs 55.10%). Other advantages of this test are its ability 
to detect resistance genes, which can be used to adjust 
the administration of antibiotics, and the shorter time 
needed to obtain results. However, the limitation of the 
pneumonia panel test is that there are as yet no fungi 
and S. maltophilia as targets that have sufficient 
potential to become causative pathogens of pneumonia. 
In this study, the prevalence of bacteria with resistance 
genes was 47/99 pathogen-containing specimens or 
47.47%. From the phenotypic tests, it was found that 
the best choice of antibiotics for Gram-negative 
bacteria in this study was tigecycline and amikacin, 
except for P. aeruginosa, because it has an intrinsic 
resistance to tigecycline. 
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