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Abstract

Acute Respiratory infections (ARIS) remain a major cause of illness
and death worldwide. Conventional diagnostic methods are often
slow or have limited sensitivity. Multiplex (Polymerase Chain
Reaction) PCR respiratory panels allow rapid detection of multiple
respiratory pathogens from a single specimen and are increasingly
available in Indonesia. This review summarizes the respiratory
panels available in Indonesia and discusses their potential clinical
use. A narrative review was conducted using literature from
PubMed, manufacturer technical documents, and the Indonesian
Ministry of Health medical device registry. Information on pathogen
coverage, diagnostic performance, specimen requirements, and
clinical applications was reviewed. There are six respiratory panel
platforms currently available in Indonesia: VITRO Respiratory Flow
Chip Kit, BioFire FilmArray Respiratory Panel 2.1 Plus, BioFire
FilmArray Pneumonia Panel Plus, QIAstat-Dx Respiratory SARS-
CoV-2 Panel, ALLPLEX Respiratory Panel, and COBAS Respiratory
Flex. Most platforms focus on respiratory viruses and atypical
bacteria using nasopharyngeal/oropharyngeal specimens, whereas
BioFire FilmArray Pneumonia Panel Plus is designed for lower
respiratory tract infections and additionally detects common
bacterial pathogens, antimicrobial resistance genes, and provides
semi-quantitative results. BioFire, QIAstat-Dx, and COBAS offer
highly automated sample-to-answer workflows with minimal
hands-on time, whereas VITRO and ALLPLEX require more manual
processing but provide greater flexibility through open systems.
Despite these advantages, implementation remains challenged by
high costs and limited access in Indonesia. Six multiplex PCR
respiratory panel platforms are available in Indonesia, each with
different diagnostic characteristics and potential clinical
applications. No single platform is optimal for all situations.
Therefore, test selection should be tailored to the clinical setting,
laboratory capacity, and available resources. Appropriate
implementation may improve respiratory pathogen diagnosis and
antimicrobial stewardship, although local evidence regarding
clinical impact and cost-effectiveness is still needed.
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Multiplex PCR Respiratory Panel in Indonesia

INTRODUCTION

Acute respiratory infections (ARIS)
are one of the leading causes of morbidity
and mortality globally, particularly in
vulnerable populations such as children
under five years of age and elderly
individuals with comorbidities. Beyond
clinical impact, ARIs also cause a
substantial economic burden due to
treatment costs and indirect costs from lost
work productivity.!?

In Indonesia, ARIs are the primary
cause of under-five mortality, accounting
for 22.3% of all under-five deaths. This
figure represents the highest rate among
Association of Southeast Asian Nations
(ASEAN) countries, demonstrating the
need for better management.> Although
data on ARI-related
Indonesia's elderly population remain
limited, global data show that 56% of ARI
deaths in the adult age group occur in
individuals aged 60 years or older.*

mortality in

The most common cause of ARIs is
viral infection. Approximately 80% of ARI
cases in children are caused by various
viruses such as Respiratory syncytial virus
(RSV),  Metapneumovirus,  Influenza,
Parainfluenza, Rhinovirus, and SARS-CoV-
2.> Nevertheless, bacteria also constitute
an important cause of ARIs.

Epidemiological data from China
indicate that 22.8% of ARI cases are
caused by bacteria, with the highest
number of cases in children, followed by
the elderly. The most frequently detected
bacterial pathogens include Streptococcus
pneumoniae at 29.9%, followed by

Mycoplasma pneumoniae and
Haemophilus influenzae. Bacterial and viral
coinfection also occurs in as many as
23.3% of cases.® The clinical presentation
of ARIs often overlaps between viral and
bacterial etiologies, making symptom-
based diagnosis alone difficult to
differentiate the causative etiology,
resulting in inappropriate antibiotic use or
delays in antiviral administration.?

The main challenge in ARI
management is the limitation of
conventional diagnostic methods that
often cannot provide fast and accurate
results. Culture methods, although
considered the gold standard, require
significant time. Additionally, pathogens
such as viruses and atypical bacteria
require specialized culture methods that
are not done routinely.” Meanwhile, rapid
examinations such as antigen detection
tests have varied or low sensitivity.®° As a
consequence, physicians often provide
broad-spectrum empirical antibiotic
therapy that is unnecessary, contributing
to antimicrobial resistance and increased
treatment costs.”

As a solution to these limitations,
molecular diagnostic technology has
evolved toward a syndromic panel
approach based on multiplex Polymerase
Chain Reaction (PCR). This syndromic
panel enables detection of various
pathogen targets, both viruses and
bacteria, from one clinical specimen in a
single workflow. Unlike conventional PCR,
which targets a single pathogen,
respiratory panels offer an approach with
shorter turnaround time.?
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Implementation of multiplex PCR
respiratory panels in clinical practice is
expected to provide a significant positive
impact on patient outcomes and hospital
efficiency. Evidence shows that the use of
these panels is associated with reduced
length of hospital stay because patients
can be discharged earlier after viral
etiology is confirmed and serious bacterial
infection can be excluded. Furthermore,
rapid and specific etiologic diagnosis
facilitates better antimicrobial stewardship
implementation through reduced
unnecessary antibiotic administration.?1°

Several multiplex PCR respiratory
panel platforms are currently available in
Indonesia, each with different pathogen
coverage, analytical performance, and
specimen  requirements.!!  However,
information regarding these platforms is
often dispersed across individual studies,
technical documents, and manufacturer
data, making it difficult for clinicians and
laboratory professionals to select the most
appropriate test for specific clinical
settings.

Therefore, this narrative review aims
to provide an overview of multiplex PCR
respiratory panels available in Indonesia,
compare their diagnostic characteristics,
and discuss their clinical applications,
advantages, limitations, and

implementation challenges.

METHODS

This narrative review was conducted
to summarize multiplex PCR respiratory
panel platforms available in Indonesia and

a https://respiratoryscience.or.id/

their clinical applications in the diagnosis of
acute respiratory infections. Literature
searches were performed using the
PubMed database from January 2010 to
January 2026. The search strategy used
the following terms: (“multiplex PCR” OR
“respiratory panel” OR “syndromic testing”
OR “pneumonia panel”) AND (“respiratory
tract infection” OR “acute respiratory
infection” OR pneumonia).

Original research articles, systematic
reviews, and meta-analyses describing the
principles, performance characteristics,
pathogen coverage, specimen
requirements, and clinical utility of
multiplex PCR respiratory panels were
included. Studies unrelated to respiratory
pathogen detection, non-human studies,
duplicate publications, and publications
without accessible full-text manuscripts
were excluded.

Additional information regarding the
availability of respiratory panel platforms in
Indonesia was manually searched from the
Indonesian Ministry of Health medical
device registry, while technical
specifications and performance data were
also manually obtained from publicly
available manufacturer documentation,
including instructions for use (IFU) and
product technical materials when peer-

reviewed evidence was limited.

BASIC CONCEPTS OF RESPIRATORY
PANELS

A respiratory panel is a diagnostic
test for detecting and identifying various
respiratory infection pathogens (viruses
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and bacteria). This test uses the multiplex
PCR method, which is a modification of
conventional PCR that enables
simultaneous amplification of multiple
deoxyribonucleic acid (DNA)/ribonucleic
acid (RNA) targets in a single reaction.
Unlike singleplex PCR, which has one
target per reaction, multiplex PCR uses
several pairs of primers and probes
designed for several different targets in
one reaction.!?

The PCR process begins with
DNA/RNA
specimens. Because the majority of

extraction from clinical

respiratory viruses have RNA genomes,
reverse transcription is necessary, where
the reverse transcriptase enzyme converts
RNA into complementary DNA (cDNA),
allowing it to be amplified by DNA
polymerase. Next, the master mix is
prepared, containing Taq polymerase,
deoxynucleotide triphosphates (dNTPs),
buffer, and primers ready for the
amplification process.!3

The amplification process is then
performed in a thermocycler with repeated
cycles, usually 30-40 times. The cycle
begins with denaturation at 95°C, where
double-stranded DNA separates into
single-stranded DNA; followed by
annealing at 50-60°C, where primers bind
to complementary target DNA/cDNA; and
extension at 72°C, where Taq polymerase
synthesizes, producing amplicons.!3

After the series of cycles is complete,
the amplicons are then analyzed using
various methods. Amplicons can be
detected in real-time with fluorescence
using the TagMan probe system. When

Taq polymerase synthesizes, the probe is
cleaved and releases a reporter that emits
fluorescence. Another alternative is SYBR
Green, a fluorescent dye that binds to
double-stranded DNA.**

Melting curve analysis is then
performed after amplification is complete
by gradually increasing the temperature.
Double-stranded amplicons will denature
at their specific temperature (melting
temperature, Tm), which depends on the
length and guanine-cytosine  (GC)
composition of the amplicon.’> Another
method is probe hybridization, where
formed amplicons will hybridize with
specific probes.!®

Target selection is a fundamental
step in molecular PCR assay development
because it directly determines the
specificity, sensitivity, and resistance of the
assay to genetic changes. The ideal target
genes must be conserved, specific to the
species, strain, or variant, and have
sufficient copy numbers to maintain high
sensitivity.’

In variant detection, such as SARS-
CoV-2, the target is often characteristic
mutations or single nucleotide
polymorphisms (SNPs) rarely found in
other variants, thus capable of accurately
differentiating variants. However, for
routine diagnostic purposes, conserved
and low-mutation genes are the targets
used.t”

Besides specificity and stability, the
number of target copies plays an important
role in determining test sensitivity. Targets
with high copy numbers, including tandem
repeat elements or repetitive sequences,
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can increase detection opportunities,
especially in samples with low or degraded
nucleic acid levels, reflected in better limit
of detection (LoD). Primer and probe
design is then optimized to support these
target characteristics, considering
thermodynamic parameters and in silico
specificity testing. In addition to
identification, some panels also detect
resistance genes.!®

RESPIRATORY PANELS IN INDONESIA

Several commercial respiratory
panels are available and have distribution
permits in Indonesia, namely VITRO
Respiratory Flow Chip Kit, BioFire
FilmArray Respiratory Panel 2.1 Plus,
BioFire FilmArray® Pneumonia Panel Plus
(FA-PP), QIAstat-Dx Respiratory SARS-
CoV-2 Panel, ALLPLEX™ Respiratory Panel,
and COBAS® Respiratory Flex.!! All six
panels use multiplex PCR as the basic
examination method, with differences in
amplification result detection methods,
pathogen coverage, sensitivity, specificity,
LoD, cost, and the types of specimens that
can be used.

VITRO Respiratory Flow Chip Kit

This kit uses multiplex PCR with
reverse hybridization on a membrane
through three main stages in its process.
First, the amplification stage involves
simultaneous amplification of multiple RNA
and DNA targets using specific primers
designed for each respiratory pathogen.
Amplification occurs in one PCR reaction
with optimal thermal cycling to produce

a https://respiratoryscience.or.id/

different amplicons for each target.
Second, the biotinylation stage, where
amplicons resulting from PCR undergo
biotinylation to prepare for subsequent
detection. The biotin attached to these
amplicons enables binding to streptavidin
in the detection stage.!?

The  process continues  with
hybridizaton and  immunoenzymatic
detection stages. At this stage, biotinylated
hybridized with

complementary DNA probes attached to

amplicons are

the membrane. This membrane contains
specific DNA probe spots for each
pathogen.  After hybridization, the
membrane is incubated with Streptavidin-
Alkaline Phosphatase (Strep-AP), which
binds to the amplicon biotin. Then,
chromogen  (substrate for alkaline
phosphatase) is added, producing a
colorimetric reaction that generates a blue-
purple color at positive hybridization sites.
Color intensity is directly proportional to
the amount of target amplicon formed.
Result interpretation is then performed
using the HybriSpot device.'®

The VITRO Respiratory Flow Chip Kit
detects a total of 13 pathogens, including
viruses and bacteria causing acute
respiratory infections. Detected viruses
include Influenza A and B, Adenovirus,
Bocavirus, Coronavirus (including SARS-
CoV-2), Human metapneumovirus (hMPV),
Parainfluenza virus, RSV, Enterovirus, and
Rhinovirus. For bacteria, this kit detects
Bordetella Bordetella
parapertussis, and Mycoplasma

pertussis,

pneumoniae. Probes for hybridization
control, mix, and human cells are also


https://respiratoryscience.or.id/index.php/journal/index

Multiplex PCR Respiratory Panel in Indonesia

included in this kit. Specimen types that
can be used for this examination are
bronchoalveolar lavage (BAL), aspirate, or
nasopharyngeal swab.'®

In a previous study, Li et al reported
limits of detection ranging from 20 to 200
copies per reaction, with sensitivities of
87.5-100% and specificities close to 100%
for the respiratory viruses included in their
two-tube multiplex RT-PCR assay.?
Similarly, validation data from the
manufacturer for the Respiratory Flow Chip
Kit showed a limit of detection of 10-500
copies per reaction, depending on the
target pathogen.'®

No cross-reactivity was observed
during specificity testing wusing high
concentrations of genetic material from all
pathogens included in the panel.
Evaluation using clinical samples showed
sensitivities ranging from 70.8% to 100%
and specificities from 98.4% to 100%,
while repeatability testing demonstrated
concordant results across six replicate
analyses for all targets.'®

BioFire FilmArray Respiratory Panel
2.1 Plus (RP2.1)

This is a molecular diagnostic test
based on nested multiplex PCR integrated
in a single automated cartridge. The
process begins with sample lysis through
mechanical agitation combined with
chemical lysis. After lysis, nucleic acids are
extracted and purified using magnetic
beads. For RNA targets, reverse
transcription is performed to convert RNA
into amplifiable cDNA.2!

Amplification then proceeds in two
nested PCR stages: the first PCR stage is
multiplex PCR, while the second PCR stage
is a singleplex PCR reaction with primers
distributed in wells for amplification of
previously obtained PCR  products.
Amplicon detection is obtained by melting
curve analysis. The system software
automatically performs analysis. All of this
work is done automatically in the FilmArray
machine.?!

This device is designed to detect 23
respiratory pathogens. Detected Vviral
pathogens include six types of
Coronaviruses. Coronavirus HKU1, NL63,
229E, 0C43, Middle East Respiratory
Syndrome Coronavirus (MERS-CoV), and
SARS-CoV-2. For influenza, the panel
detects Influenza A in general form and its
specific subtypes, namely H1, H3, and H1-
2009, plus Influenza B.%!

The panel also includes four types of
Parainfluenza virus (types 1, 2, 3, and 4)
and detection for other viruses such as
Adenovirus, hMPV, Rhinovirus/Enterovirus,
and RSV. Bacterial pathogens include four
clinically important atypical respiratory
bacterial species, namely B. parapertussis,
B. pertussis, Chlamydia pneumoniae, and
Mycoplasma pneumoniae.?*

This kit is specifically designed to
analyze nasopharyngeal swab specimens.
Specimens are stored at 4°C and must be
processed as soon as possible after
collection to maintain pathogen viability.
For long-term storage, specimens can be
stored at -80°C.%!

Overall analytical performance is
very good, with sensitivity of 97.1% and
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specificity of 99.3%
against reference methods or clinical case

when evaluated

definitions. However, these figures vary
depending on the specific pathogen
detected and specimen condition.?!

BioFire FilmArray® Pneumonia Panel
Plus (FA-PP)

This is @ molecular diagnostic device
from BioFire that uses the same method as
the FilmArray Respiratory Panel 2.1 Plus.
The difference is that this device has
different pathogen detection coverage.
This device can detect and identify 9 types

of viruses, 18 bacteria (including three

atypical pneumonia bacteria), and 7
antimicrobial resistance genes (See Table
1).22

The detection results for bacteria
from this test are also reported semi-
quantitatively in different
multiples (10*->107 copies per milliliter).

logarithmic

Three atypical bacteria (C. pneumoniae, L.

pneumophila, and M. pneumoniae) are
reported qualitatively, as are nine
respiratory viruses. Resistance genes are
only reported when the relevant carrier
bacteria are also detected in the
specimen.?

This device can process various types
of lower respiratory specimens. In a
multicenter study in France, 90.1% of
bacteria detected at >10° DNA copies/mL
showed significant growth in culture, with
quantitative agreement reaching 100% at
>10’. The proportion of isolates above
culture threshold increased from ~20-40%
at 10%, ~45-65% at 10°, ~75-85% at 109,
to ~90-100% at =107, especially in ICU
VAP/VHAP patients. Most studies support a
cutoff of >10° (especially >107) for typical
respiratory pathogens in optimal samples
and strong clinical context indicating
significant infection, while 10%-10° is more
likely colonization.?*%

Table 1. Pathogen Coverage of Commercial Multiplex Respiratory PCR Panels Available in Indonesial9.21,22,:26-28

Pathogen VITRO RP2.1 FA-PP QIAstat ALLPLEX COBAS
Influenza viruses v v v v v v
RSV v v v v v v
Adenovirus v v v v v v
Coronaviruses v v v v v v
Rhinovirus/Enterovirus v v v v v v
hMPV v v v v v v
Parainfluenza viruses v v v v v v
Bordetella spp. v v - v v -
Mycoplasma pneumoniae v v v v v -
Chlamydia pneumoniae - v v v v -
Legionella pneumophila - - v v v -
Typical bacterial pathogens - - v* - VXX -
Resistance genes - - v - - -

Note: *including A. baumannii complex, E. cloacae complex, E. coli, H. influenzae, Klebsiella spp., M. catarrhalis,
Proteus spp., P. aeruginosa, S. marcescens, S. aureus, S. agalactiae, S. pneumoniae, S. pyogenes. Typical
bacterial targets are reported semi-quantitatively (104->107 copies/mL); **H. influenzae and S.

pneumoniae

a https://respiratoryscience.or.id/
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The diagnostic performance of this
kit is quite good compared to culture,
which is the standard of care. This device
has high sensitivity, approximately 89.6-
100%, with specificity ranging
approximately 83-99%.222329-31 This kit
often detects more pathogens than
culture, especially in patients who have
received antibiotics or fastidious pathogens
such as S. pneumoniae, S. pyogenes, M.
catarrhalis, and H. influenzae.??

The main strength of this diagnostic
device is its consistently high negative
predictive value (NPV) of 96-99.7%, so it
can be trusted to rule out bacterial
infection, allowing de-escalation or
discontinuation of antibiotics if this test and
culture results are negative.”?> The main
limitation of FA-PP is that it does not detect
bacteria outside the panel. Therefore,
culture is still needed, especially in cases
with high clinical suspicion or negative FA-
PP results.>°

QIAstat-Dx Respiratory SARS-CoV-2
Panel

This is a cartridge-based multiplex
RT-PCR test that runs on the QIAstat-Dx
platform. This panel integrates SARS-CoV-
2 targets into the QIAstat respiratory panel
which  detects pathogens including
Adenovirus, Bocavirus, 4 seasonal
coronaviruses (229E, NL63, OC43, HKU1),
hMPV, Rhinovirus/Enterovirus, Influenza A
(including subtypes H1, H1N1/2009, H3)
and Influenza B, Parainfluenza 1-4, RSV,
and atypical bacteria (such as WM.
pneumoniae, C. pneumoniae, B. pertussis,
and L. Pneumophila). The recommended

specimen for this device is a combined
nasopharyngeal and oropharyngeal swab
transported in molecular media.3%33

In a multicenter evaluation of 445
samples, the original QIAstat Respiratory
panel showed positive percent agreement
(PPA) of 98.0% and negative percent
agreement (NPA) of 99.8% compared to
the FilmArray and Seegene Allplex
reference methods.3? The limit of detection
for SARS-CoV-2 is 500 copies/mL, while
other pathogens show a wide LoD range,
from 0.01 TCIDso/mL for hMPV to 33,000
copies/mL for bocavirus.?®

ALLPLEX™ Respiratory Panel

This is a one-step multiplex real-time
RT-PCR-based test developed by Seegene
for simultaneous detection of pathogens
causing respiratory tract infections. The
distinguishing technology is Multiple
Detection Temperature, an innovation that
enables detection of multiple targets in a
single fluorescence channel without
requiring melting curve analysis.?”

The process begins with automatic
nucleic acid extraction using the Seegene
NIMBUS platform, followed by real-time
PCR amplification in reaction tubes that
already contain all reagents. Total analysis
time from sample input to final results is 4
to 4.5 hours, with hands-on time of only
about 15 minutes for a batch of 24 samples
when using the complete automated
system.?”

This device can detect and identify
26 respiratory pathogen targets divided
into four separate panels, allowing flexible
use according to clinical needs. Panel 1

Respir Sci 2026, Vol.6 No.3 a
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includes Influenza—with subtype
differentiation of Influenza A H1,
H1pdm09, and H3, as well as Influenza B—
along with RSV types A and B. Panel 2
detects Adenovirus, Enterovirus,
Parainfluenza viruses 1-4, and hMPV. This
panel is important for diagnosis of
respiratory infections in pediatric and
immunocompromised populations.?’

Panel 3 focuses on pathogens whose
importance is increasing, including
Bocavirus, Rhinovirus, and endemic
coronaviruses (229E, NL63, OC43). Panel 4
targets seven bacteria causing pneumonia
and atypical respiratory infections: M.
pneumoniae, C pneumoniae, L.
pneumophila, H. influenzae, S.
pneumoniae, B. pertussis, and B
parapertussis.”’

The primary recommended specimen
is a nasopharyngeal swab. Additionally,
this panel can process nasopharyngeal
aspirate, which is preferred in pediatric
populations because it is easier to collect.
For severe pneumonia cases or lower
respiratory tract infection investigations,
this panel can also analyze BAL and
sputum samples (Panel 4 specifically for
sputum). Samples can be collected in
various standard transport  media
commonly used in clinical laboratories.?’

The majority of viruses have LoD at
10-100 copies/reaction. Parainfluenza
virus type 1 shows relatively low LoD at 10
copies/reaction, but type 4 requires higher
concentration (1,000 copies/reaction).
hMPV also shows lower analytical
sensitivity  with LoD of 1,000

copies/reaction compared to other

a https://respiratoryscience.or.id/

viruses.?’

Multicenter studies involving >400
clinical samples show sensitivity of 82.8%
to 100%, with most viruses reaching 95%
or higher compared to comparison
methods. Specificity ranges from 94.1% to
100% across all target pathogens, with the
majority reaching 99-100%.34

COBAS® Respiratory Flex

This is a multiplex PCR-based panel
that runs on the COBAS platform. The
fundamentally distinguishing technology is
Temperature-Assisted Generation of Signal
(TAGS), an innovation that enables
detection of multiple targets per
fluorescence channel through
temperature-dependent signal activation.3>

In its implementation, this system
captures fluorescence signals from five
standard channels and three temperature
channels during each PCR cycle, enabling
differentiation of up to three targets per
fluorescence channel. The process begins
with  fully automated nucleic acid
extraction using magnetic glass particles,
followed by amplification and detection
with specific fluorescent-labeled probes.3>

This panel includes Influenza A and
B with subtype differentiation capability for
influenza A (H1N1, H3N2); RSV; SARS-
CoV-2 with targets on ORFla and ORFlab
genes; Adenovirus with species B, C, and E
coverage; hMPV; Rhinovirus  and
Enterovirus; four human  endemic
coronaviruses (229E, HKU1, NL63, OC43);
and Parainfluenza virus types 1, 2, 3, and
4. This device is specifically designed for
nasopharyngeal swab specimens collected
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using standard techniques and
immediately placed in 3 mL of viral
transport medium (VTM).3

According to manufacturer clinical

validation data involving 1,306
nasopharyngeal swab specimens
compared to FDA-cleared reference

methods, COBAS® Respiratory Flex
showed good clinical performance across
the majority of targets. Sensitivity reached
100% for Influenza A, Influenza B,
Adenovirus, Parainfluenza types 1 and 2.
SARS-CoV-2 reached 98.4% (95%
CI=94.4-99.6%), while RSV showed
96.0%, hMPV 96.3%, Parainfluenza types
3 and 4 at 95.8% and 97.4%, respectively.
seen in

83.9%.

Lowest performance was

Rhinovirus/enterovirus at

Specificity was consistently high, above
97% for all targets.3
COMPARISON OF AVAILABLE PLATFORMS

The
advantages, limitations, and operational

main characteristics,

requirements of multiplex respiratory
diagnostic platforms currently available in
in Table 2.
These differences in pathogen coverage,

Indonesia are summarized

specimen  requirements,

automation, instrument requirements, and

degree of
diagnostic capabilities have important
implications for test selection and clinical
implementation, which are discussed in the
following section.

Table 2. Comparison of the currently available respiratory panels in Indonesia

. Automation/ Instrument s
Platform Technology Specimen Ease of Use Requirement Advantages Limitations
VITRO® Multiplex PCR NP swab, Requires Conventional Suitable for batch Requires dedicated
followed by  aspirate, manual hands- thermocycler testing; broad  hybridization/readi
reverse BAL on nucleic acid and HybriSpot pathogen ng system and
hybridization extraction, PCR reader detection more hands-on
and amplification, time
membrane- and membrane
based hybridization
detection
RP2.120 Fully NP swab  Fully integrated BioFire Rapid turnaround Closed system with
automated automated FilmArray time; minimal dedicated
nested sample-to- instrument hands-on time instrumentation
multiplex PCR answer
with melting workflow
curve analysis
FA-PP22 Fully BAL, ETA, Fully integrated BioFire Rapid turnaround  Limited to lower
automated sputum, automated FilmArray time; extensive respiratory
nested and other sample-to- instrument  bacterial coverage  specimens and
multiplex PCR lower answer with AMR gene panel targets.
with melting respiratory workflow detection and  Closed system with
curve analysis specimens semi-quantitative dedicated
reporting instrumentation
QIAstat®  Cartridge- Combined Fully integrated  QIAstat-Dx Rapid and Closed system with
based NP/OP automated Analyzer standardized dedicated
multiplex RT- swab sample-to- workflow with instrumentation
PCR answer minimal
workflow hands-on time

Respir Sci 2026, Vol.6 No.3 a
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Continue Table 2. Comparison of the currently available respiratory panels in Indonesia

. Automation/ Instrument e

Platform Technology Specimen Ease of Use Requirement Advantages Limitations
ALLPLEX?7 Multiplex real- NP swab, Open-platform Compatible with Flexible testing Full pathogen

time RT-PCR  NPA, BAL, workflow, allowing  multiple real- strategy; coverage

(MuDT™ sputum flexible integration time PCR suitable for requires
technology) with manual or platforms higher multiple panel

automated throughput reactions

workflows laboratories

COBAS%  Multiplex real- NP swab Automated COBAS platform Highly Dedicated

time PCR using extraction, automated, platform and
TAGS amplification, high- limited
technology detection, and result throughput coverage
analysis on the workflow

COBAS platform
Note: PCR=polymerase chain reaction; NP=nasopharyngeal; BAL=bronchoalveolar lavage; ETA=endotracheal
aspirate; OP=oropharyngeal swab

OPTIMAL SPECIMEN TYPES shows 30-50% higher sensitivity compared
. . . to traditional methods, with the capability

Specimen selection for respiratory _
to simultaneously detect up to 26

panel testing is based on the tropism and ) i i
respiratory pathogens in one reaction.°

primary replication sites of these pathogens. ) ] o
Fast turnaround time brings significant

In general, for respiratory viral pathogens S ] ) o
clinical impact, including reduced antibiotic

and atypical bacteria, nasopharyngeal swabs
P Pranyng administration and shorter hospital

are the optimal specimen. Conversely, for ] ] )
stays.?*? This test also excels in detecting

typical pneumonia bacteria, BAL/tracheal

) ) viruses and bacteria that cannot or are
aspirate/sputum are the specimens of

] ] difficult to detect in routine culture
choice.®® For Legionella, sputum has better

e examinations.*
sensitivity compared to nasopharyngeal

On the other hand, this test has
limitations such as the inability to

swabs.?’
In clinical cases with lower ) ) )
) ) , differentiate viable pathogens from non-
respiratory tract infection, sputum can also
be used for atypical bacterial pathogens,

except for B. pertussis due to its tropism

viable pathogens or asymptomatic carriers
and prolonged viral shedding. Some
. . o pathogens that play a role in respiratory
for upper respiratory ciliated epithelium. ] ]
tract infections, such as

Collected specimens should ideally be sent )
Stenotrophomonas and Aspergillus, are

to the laboratory using VTM within 2 hours
at room temperature or within 24 hours at
2-8°C.38

also not included in these panels.*
Although there have been studies showing
cost-effectiveness in using this test, the

initial cost of purchasing equipment and
ADVANTAGES AND LIMITATIONS OF

RESPIRATORY PANELS reagents is still high. To date, there have
also been no cost analysis studies

Multiplex PCR-based respiratory conducted in Indonesia. 43

panels have several advantages. This test

a https://respiratoryscience.or.id/
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CLINICAL CONSIDERATIONS FOR
RESPIRATORY PANEL SELECTION

The use of multiplex respiratory
panels should be selective rather than
routine, as these assays are associated
with substantial costs. Current evidence
suggests that respiratory panel testing
provides the greatest clinical value when
test results are likely to influence patient
management,  antimicrobial  therapy,
infection prevention measures, or hospital
resource utilization.?#44

These tests may be particularly
useful in hospitalized patients with severe
acute respiratory infections, patients
admitted to intensive care units,
immunocompromised individuals, and
those at increased risk of complications,
such as young children, older adults,
transplant recipients, patients receiving
immunosuppressive

individuals with

therapy, and
significant
cardiopulmonary comorbidities.?*44>
The choice of platform should be
guided by the primary diagnostic objective.
Broad respiratory panels are most useful in
hospitalized or high-risk patients when
identification of viral or atypical pathogens
is likely to alter treatment decisions,
isolation measures, or antimicrobial use.
Examples include patients with severe
acute respiratory infections of unclear
etiology, respiratory outbreaks, or
immunocompromised patients in whom a
broad range of respiratory pathogens may
be considered.
In contrast, pneumonia-focused
panels may provide greater clinical value in

patients with suspected bacterial lower
respiratory tract infections, particularly
severe  hospital-acquired  pneumonia,
ventilator-associated

critically ill patients. Their extensive

pneumonia, or

bacterial coverage, antimicrobial
resistance gene detection, and semi-
quantitative  bacterial reporting may
provide clinically relevant information
beyond that offered by conventional

respiratory panels.

IMPLEMENTATION CONSIDERATIONS
IN INDONESIA

Several factors support the
implementation of multiplex respiratory
panels in Indonesia. The expansion of
molecular diagnostic capacity during the
COVID-19 pandemic has increased the
availability of PCR instruments, automated
molecular  platforms, and trained
laboratory personnel in Indonesia.*® In
addition,
antimicrobial
antimicrobial resistance may increase the

growing awareness of

stewardship and

clinical value of rapid respiratory pathogen
identification.

However, molecular  diagnostic
capacity is still concentrated in major
referral centers, and access may be limited
in remote regions. The relatively high cost
of respiratory panel testing may also limit
widespread adoption, particularly in
resource-constrained settings. In general,
fully automated or cartridge-based
respiratory panels tend to be more
expensive than manual open-platform
assays.

Respir Sci 2026, Vol.6 No.3 a
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Based on informal inquiries to
several clinical laboratories and hospitals in
Indonesia, open-platform assays generally
cost approximately IDR 1.5-3 million per
test, whereas fully automated cartridge-
based systems may cost approximately
IDR 3-5 million per test. However, these
estimates should be interpreted with
caution because pricing varies substantially
according to procurement agreements,
testing volume, and institutional settings.
Further studies evaluating the clinical
utility and cost-effectiveness of respiratory
panel testing in Indonesia are needed to
support evidence-based implementation.

This review has several limitations.
First, as a narrative review, it did not
employ a systematic review methodology
with formal study selection and quality
assessment, which may introduce selection
bias. Second, the respiratory panel
platforms were compared using data from
different types of studies involving
different patient populations, specimen
types, and reference methods. Therefore,
the reported performance of each platform
may not be directly comparable. Finally,
most available evidence comes from
studies outside Indonesia, while local data
on the clinical utility, cost-effectiveness,
and implementation of respiratory panel
testing remain limited.

CONCLUSION

Six respiratory panel platforms are
currently available in Indonesia, including
VITRO Respiratory Flow Chip Kit, BioFire
FilmArray Respiratory Panel 2.1 Plus,

a https://respiratoryscience.or.id/

BioFire FilmArray Pneumonia Panel Plus,
QIAstat-Dx Respiratory SARS-CoV-2 Panel,
ALLPLEX Respiratory Panel, and COBAS
Respiratory Flex, each with different
pathogen
requirements, workflow characteristics,
and diagnostic capabilities. While broad

coverage, specimen

respiratory panels are mainly designed for
detecting respiratory viruses and atypical
bacteria, = pneumonia-focused  panels
provide more extensive bacterial coverage
and antimicrobial resistance information for
lower respiratory tract infections.

These platforms offer advantages in
terms of diagnostic speed and sensitivity
but remain limited by cost, incomplete
pathogen coverage, and challenges in
distinguishing  active infection from
colonization or prolonged pathogen
shedding. Appropriate panel selection and
result interpretation should consider the
clinical context, specimen type, laboratory
capacity, and available resources. Further
studies are needed to evaluate the clinical

impact and cost-effectiveness  of
respiratory panel implementation in
Indonesia.

REFERENCES

1. Caldwell JM, Espinosa CM, Banerjee
R, Domachowske JB. Rapid diagnosis
of  acute
infections with Point-of-Care and
multiplex molecular testing. Infection.
2025;53(S1):1-14.

2. Clark TW, Lindsley K, Wigmosta TB,
Bhagat A, Hemmert RB, Uyei J, et al.
Rapid multiplex PCR for respiratory

pediatric  respiratory


https://respiratoryscience.or.id/index.php/journal/index

Multiplex PCR Respiratory Panel in Indonesia

viruses reduces time to result and
improves clinical care: Results of a
systematic review and meta-analysis.
Journal of Infection. 2023;86(5):462—
75.

Wulandari RA, Fauzia S, Kurniasari F.
Investigations on the risk factors of
Acute Respiratory Infections (ARIS)
among under-five children in Depok
City, Indonesia. Ann Ig.
2024;36(1):15-25.

Zhang S, Wahi-Singh P, Wahi-Singh B,
Chisholm A, Keeling P, Nair H. Costs
of management of acute respiratory
infections in older adults: A systematic
review and meta-analysis. J Glob
Health. 2022;12:04096.

Moreira ALE, da Silva PAN, Assuncao
L do P, Santos M de O, Ito CRM, de
Araljo KM, et al. Profile analysis of
emerging respiratory virus in children.
European  Journal  of  Clinical
Microbiology & Infectious Diseases.
2023;42(7):873-82.

Li ZJ, Zhang HY, Ren LL, Lu QB, Ren
X, Zhang CH, et al. Etiological and
epidemiological features of acute
respiratory infections in China. Nat
Commun. 2021;12:5026.

Calderaro A, Buttrini M, Farina B,
Montecchini S, De Conto F, Chezzi C.
Respiratory Tract Infections and
Laboratory Diagnostic Methods: A
Review with A Focus on Syndromic
Panel-Based Assays. Microorganisms.
2022;10(9):1856.

Merckx J, Wali R, Schiller I, Caya C,
Gore GC, Chartrand C, et al.
Diagnostic Accuracy of Novel and

10.

11.

12.

13.

14.

Traditional Rapid Tests for Influenza
Infection Compared With Reverse
Transcriptase  Polymerase  Chain
Reaction. Ann Intern Med.
2017;167(6):394-409.

Webster KE, Parkhouse T, Dawson S,
Jones HE, Brown EL, Hay AD, et al.
Diagnostic accuracy of point-of-care
tests for acute respiratory infection: a
systematic review of reviews. Health
Technol Assess (Rockv). 2024;1-75.
Serigstad S, Markussen D, Grewal
HMS, Ebbesen M, Kommedal @,
Heggelund L, et al. Rapid syndromic
PCR testing in patients with
respiratory tract infections reduces
time to results and improves microbial
yield. Sci Rep. 2022;12(1):326.
Ditjen Farmalkes
Kesehatan RI. Ditjen
Kementerian Kesehatan RI [Internet].
[cited 2026 Jan 13]. e-Info Alkes
PKRT.
https://infoalkes.kemkes.go.id/

Kementerian
Farmalkes

Available from:
Lima IL, Neves AF, Oliveira-Janior RJ,
Hondrio LCMG, Arruda VO, Sao Julido
JA, et al. Detection of Microorganisms
Causing Human Respiratory Infection
Using One-Tube Multiplex PCR. Infect
Dis Rep. 2025;17(4):93.

Hussain SM, Sharif A, Bashir F, Ali S,
Javid A, Hussain Al, et al. Polymerase
Chain Reaction: A Toolbox for
Molecular Discovery. Mol Biotechnol.
2026;68(2):409-21.

Tajadini M, Panjehpour M, Javanmard
S. Comparison of SYBR Green and
TagMan methods in quantitative real-
time polymerase chain reaction

Respir Sci 2026, Vol.6 No.3 a



Johan Nathan, et al

15.

16.

17.

18.

19.

20.

analysis of four adenosine receptor
subtypes. Adv
2014;3:85.

ZhouY,Has, XuY,QinX, MaY, LuJ,
et al. Establishment of a simple

Biomed Res.

prediction method for DNA melting
temperature: high-resolution melting
curve analysis of PCR products. PLoS
One. 2025;20(4):e0321885.

Navarro E, Serrano-Heras G, Castano
M3J, Solera J. Real-time PCR detection
chemistry. Clinica
2015;439:231-50.
Rana DR, Pokhrel N, Dulal S. Rational
Primer and Probe Construction in
PCR-Based Assays for the Efficient
Diagnosis of Drifting Variants of SARS-
CoV-2. Adv Virol.
2022;2022:2965666.

Lee SH, Ruan SY, Pan SC, Lee TF,
Chien JY, Hsueh PR. Performance of a
multiplex PCR pneumonia panel for

Chimica Acta.

the identification of respiratory
pathogens and the main determinants
of resistance from the lower
respiratory tract specimens of adult
patients in intensive care units.
Journal of Microbiology, Immunology
and Infection. 2019;52(6):920-8.
Graha Megatama Indonesia
[Internet]. [cited 2026 Jan 13]. VITRO
Respiratory Flow Chip Kit. Available
from:
https://www.grameindo.co.id/produc
t/vitro-respiratory-flow-chip-kit/

Li J, Qi S, Zhang C, Hu X, Shen H,
Yang M, et al. A Two-Tube Multiplex
Reverse Transcription PCR Assay for

Simultaneous Detection of Sixteen

a https://respiratoryscience.or.id/

21.

22,

23.

24,

25.

Human Virus
Types/Subtypes.
2013;2013:1-8.
Leber AL, Everhart K, Daly JA, Hopper

A, Harrington A, Schreckenberger P,

Respiratory
Biomed Res Int.

et al. Multicenter Evaluation of BioFire
FilmArray Respiratory Panel 2 for
Detection of Viruses and Bacteria in
Nasopharyngeal Swab Samples. J Clin
Microbiol. 2018;56(6):e01945-17.

Murphy CN, Fowler R, Balada-Llasat
JM, Carroll A, Stone H, Akerele O, et
al. Multicenter Evaluation of the

BioFire FilmArray Pneumonia/
Pneumonia Plus Panel for Detection
and Quantification of Agents of Lower
Respiratory Tract Infection. J Clin
Microbiol. 2020;58(7):e00128-20.
Ginocchio CC, Garcia-Mondragon C,
Mauerhofer B, Rindlisbacher C,
Forcelledo L, Fernandez J, et al.
Multinational  evaluation of the
BioFire® FilmArray® Pneumonia plus
Panel as compared to standard of care
testing. European Journal of Clinical
Microbiology & Infectious Diseases.
2021;40(8):1609-22.

Gastli N, Loubinoux J, Daragon M,
Lavigne JP, Saint-Sardos P, Pailhories
H, et al. Multicentric evaluation of
BioFire FilmArray Pneumonia Panel for
rapid bacteriological documentation
of pneumonia. Clinical Microbiology
and Infection. 2021;27(9):1308-14.
Dessajan J, Thy M, Doman M, Stern J,
Gallet A, Fouque G, et al. Assessing
FilmArray Pneumonia+ panel
dynamics during antibiotic treatment
to predict clinical success in ICU


https://respiratoryscience.or.id/index.php/journal/index

Multiplex PCR Respiratory Panel in Indonesia

26.

27.

28.

29.

30.

patients with ventilated hospital-
acquired pneumonia and ventilator-
associated pneumonia: a multicenter
prospective  study.  Crit
2025;29(1):301.

QIAGEN. QIAGEN [Internet]. [cited
2026 Jan 14]. QIAstat-Dx Respiratory
SARS-CoV-2 Panel Instructions for
Use (Handbook) - QIAGEN. Available
from:
https://www.giagen.com/us/resource
s/resourcedetail?id=250fafc2-3e66-
4400-b5cb-ca69ba8607ab&lang=en
Seegene Inc. Seegene Inc [Internet].
[cited 2026 Jan 14]. ALLPLEX
Respiratory Panel Assays. Available

Care.

from:
https://www.seegene.com/assays/all
plex_respiratory_panel_assays
Roche Diagnostics. Roche Diagnostics
[Internet]. [cited 2026 Jan 14].
COBAS Respiratory flex. Available
https://elabdoc-
prod.roche.com/eLD/api/downloads/
244c5628-24f9-ef11-2891-
005056a772fd?countrylsoCode=nl
Mitton B, Rule R, Said M. Laboratory
evaluation of the BioFire FilmArray

from:

Pneumonia plus panel compared to
conventional methods for the
identification of bacteria in lower
respiratory  tract

prospective

specimens: a
cross-sectional  study
from South Africa. Diagn Microbiol
Infect Dis. 2021;99(2):115236.

Edin A, Eilers H, Allard A. Evaluation
of the Biofire Filmarray Pneumonia

panel plus for lower respiratory tract

31.

32.

33.

34.

35.

36.

infections. Infect Dis.
2020;52(7):479-88.

Falsey AR, Branche AR, Croft DP,
Formica MA, Peasley MR, Walsh EE.
Real-life Assessment of BioFire
FilmArray Pneumonia Panel in Adults
Hospitalized With Respiratory Ilness.
J Infect Dis. 2024;229(1):214-22.
Parcina M, Schneider UV, Visseaux B,
Jozic R, Hannet I, Lisby JG.
Multicenter evaluation of the QIAstat
Respiratory Panel—A new rapid highly
multiplexed PCR based assay for
diagnosis of acute respiratory tract
infections. PLoS One.
2020;15(3):e0230183.

Brendish NJ, Poole S, Naidu V V,
Mansbridge CT, Norton NJ, Wheeler
H, et al. Clinical impact of molecular
point-of-care testing for suspected
COVID-19 in hospital (COV-19POC): a
prospective, interventional, non-
randomised, controlled study. Lancet
Respir Med. 2020;8(12):1192-200.
Huh HJ, Kim JY, Kwon HJ, Yun SA, Lee
MK, Lee NY, et al
Evaluation of Allplex Respiratory
Panels 1, 2, and 3 for Detection of

Performance

Respiratory Viruses and Influenza A
Virus Subtypes. J Clin Microbiol.
2017;55(2):479-84.

Diagnostics. Diagnostics [Internet].
[cited 2026 Jan 14]. COBAS®
Respiratory flex. Available from:
https://diagnostics.roche.com/global/
en/products/lab/cobas-respiratory-
flex-pid00000771.html

Hanson KE, Azar MM, Banerjee R,
Chou A, Colgrove RC, Ginocchio CC, et

Respir Sci 2026, Vol.6 No.3 224/



Johan Nathan, et al

37.

38.

39.

40.

41.

al. Molecular Testing for Acute

Respiratory Tract Infections: Clinical

and Diagnostic Recommendations
From the IDSA’'s Diagnostics
Committee. Clinical Infectious

Diseases. 2020;71(10):2744-51.
Waterer GW. Diagnosing Viral and
Atypical Pathogens in the Setting of
Community-Acquired Pneumonia. Clin
Chest Med. 2017;38(1):21-8.

Miller JM, Binnicker MJ, Campbell S,
Carroll KC, Chapin KC, Gonzalez MD,
et al. Guide to Utilization of the
Microbiology Laboratory for Diagnosis
of Infectious Diseases: 2024 Update
by the Infectious Diseases Society of
America (IDSA) and the American

Society for Microbiology (ASM).
Clinical Infectious Diseases.
2024;ciael04.

Huang HS, Tsai CL, Chang J, Hsu TC,
Lin S, Lee CC. Multiplex PCR system
for the rapid diagnosis of respiratory
virus infection: systematic review and
meta-analysis. Clinical Microbiology
and Infection. 2018;24(10):1055-63.
Mahony JB, Blackhouse G, Babwah J,
Smieja M, Buracond S, Chong S, et al.
Cost Analysis of Multiplex PCR Testing
for Diagnosing Respiratory Virus
Infections. ] Clin
2009;47(9):2812—-7.

Tomasello M, Mangioni D, Panigada
M, Matinato C, Bandera A. Rapid
PCR panels for the
management of ventilator-associated
pneumonia: pondering strengths and

Microbiol.

multiplex

weaknesses. Intensive Care Med.
2024;50(5):789-91.

a https://respiratoryscience.or.id/

42.

43.

44,

45.

46.

Hanson KE, Couturier MR. Multiplexed
Molecular Diagnostics for Respiratory,
Gastrointestinal, and Central Nervous
System Infections. Clinical Infectious
Diseases. 2016;63(10):1361-7.
Wagner AP, Enne VI, Gant V, Stirling
S, Barber JA, Livermore DM, et al.
Cost-effectiveness of rapid, ICU-
based, syndromic PCR in hospital-
acquired pneumonia: analysis of the
INHALE WP3 multi-centre RCT. Crit
Care. 2025;29(1):352.

Schober T, Wong K, DelLisle G, Caya
C, Brendish NJ, Clark TW, et al.

Clinical Outcomes of Rapid
Respiratory ~ Virus  Testing in
Emergency  Departments. JAMA

Intern Med. 2024;184(5):528-36.

Schram L, Novak-Weekley S, Chen Q,
Han P. Impact of a Rapid Respiratory
Pathogen Panel on Antibiotic and
Chest Radiography
Hospital Length of Stay

Usage and
in the
Pediatric Inpatient Setting. Perm J.
2022;26(3):83-9.

Lestari BW, Alifia A, Karnawati PWW,
Ramadhani NS, Kusdwiyanti S, Majid
N, et al. Assessment of post-pandemic
NAAT-based capacity
among laboratories with COVID-19
testing

diagnostic

investments in
Indonesia. PLoS One.
2026;21(4):e0343628.

resource


https://respiratoryscience.or.id/index.php/journal/index

