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Background: Dengue is a systemic, viral, mosquito-borne infection that continues to be a
major public health issue in endemic regions in tropical and subtropical climates. Accurate
tests for rapid diagnosis in point-of-care settings are important to reduce the fatality rates
of severe dengue. We evaluated the diagnostic accuracy of the Standard M10 DENV 1-4
system (SD Biosensor, Gyeonggi, Korea), which is a cartridge-based, automated system
that integrates nucleic acid extraction, reverse transcription-PCR (RT-PCR) amplification,
and detection of dengue virus (DENV) serotypes.

Methods: This was a retrospective diagnostic evaluation study. The index test, Standard
M10 DENV 1-4, was evaluated using 320 dengue-positive and 279 dengue-negative ar-
chived samples. The reference tests were a combination of Centers for Disease Control
and Prevention (CDC) DENV 1-4 real-time RT-PCR, dengue NS1 antigen and IgM antibody
detection, and DENV whole-genome sequencing.

Results: The overall sensitivity and specificity of Standard M10 DENV 1-4 were 94% and
100%, respectively. By serotype, the highest sensitivity was 100% for DENV-1, and the low-
est was 82% for DENV-4. The overall between the CDC RT-PCR dengue serotyping method
and the Standard M10 DENV 1-4 was 95%. Standard M10 DENV 1-4 RT-PCR had compa-
rable sensitivity and specificity to CDC DENV RT-PCR.

Conclusions: Based on its commensurate performance to an established RT-PCR method
combined with additional benefits of convenient storage and transport, easy use, and
rapid processing, the Standard M10 DENV 1-4 system has potential for DENV detection
and serotyping in point-of-care settings.
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INTRODUCTION

Dengue is a systemic, viral, mosquito-borne infection found
mostly in tropical and subtropical climates. It continues to be a
major public health issue in endemic regions and has been re-
cently spreading to areas in Europe and the Eastern Mediterra-
nean, leading to 2023 having the largest number of dengue
cases reported worldwide [1]. Dengue causes acute illnesses
ranging from mild febrile disease to severe or fatal cases with
plasma leakage or multiorgan involvement. Fast, easy-to-use,
and accurate tests are required for the rapid diagnosis and early
management of the disease, particularly in point-of-care set-
tings, for patients to receive prompt medical care to substan-
tially reduce the fatality rates of severe dengue.

In the diagnostic guidelines issued by the WHO, dengue infec-
tion is confirmed based on at least one of the following test re-
sults: 1) dengue virus (DENV) isolation; 2) a minimum four-fold
increase in the anti-dengue IgM or IgG level; 3) DENV antigen
detection; and 4) DENV genome detection by reverse transcrip-
tion (RT-)PCR [2]. However, many of these tests are challenging
to implement in point-of-care settings, particularly in peri-urban
and rural areas, because of the limited availability and accessi-
bility of advanced equipment, trained personnel, and cold-chain
storage.

With technological advancements, molecular diagnostics for
infectious diseases are increasingly being developed. Several
new dengue diagnostic kits are available on the market; how-
ever, their accuracy and performance have not been thoroughly
evaluated. DENV is known for its high genome mutation rate [3];
hence, molecular diagnostics must continually be updated to
follow the evolution of the virus. DENV genome mutations may
occur in the regions targeted by RT-PCR primers, decreasing as-
say sensitivity. To address this challenge and ensure the accu-
racy of dengue diagnostics, continuous evaluation of diagnostic
assays is important.

The Standard M10 DENV 1-4 system (SD Biosensor, Gyeonggi,
Korea) is a multiplex real-time RT-PCR assay that automates and
integrates nucleic acid extraction, amplification, and DENV sero-
type detection. This system utilizes cartridges that contain all
the required reagents in lyophilized form and hosts the extrac-
tion and RT-PCR processes. The processing time from serum
sample loading to result is approximately 1 hr, and the car-
tridges can be stored at room temperature, providing a fast and
convenient kit ideal for point-of-care settings. We aimed to as-
sess the accuracy of this assay on well-characterized dengue-
positive and -negative samples.
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MATERIALS AND METHODS

Ethics approval

The study protocol for the use of unlinked, anonymized, archived
patient samples in this diagnostic evaluation study was reviewed
and approved by the Ethics Committee of the Faculty of Medi-
cine, Universitas Indonesia, Dr. Cipto Mangunkusumo General
Hospital Jakarta, Indonesia (approval No. KET-383/UN2.F1/
ETIK/PPM.00.02/2023) and the Research Ethics Committee of
the Faculty of Medicine, Public Health, and Nursing, Universitas
Gadjah Mada, Yogyakarta Indonesia (approval No. KE/
FK/0980/EC/2023). The requirement for informed consent was
waived by the Ethics Committees, following the International
Ethical Guidelines for Health-related Research Involving Humans
(CIOMS 2016), because we used anonymized samples.

Study design and sample sources

In this retrospective diagnostic evaluation study, the design and
reporting were performed according to the Standards for Report-
ing of Diagnostic Accuracy Studies guidelines [4]. We used se-
rum samples from patients with confirmed dengue, according to
the WHO-Southeast Asia Regional Office 2011 guidelines [2],
and dengue-negative samples collected as part of dengue and
zoonotic surveillance studies conducted from January 2018 to
February 2020 at hospitals and community health centers in
various Indonesian cities. In addition, we used archived serum
samples collected during the Applying Wolbachia to Eliminate
Dengue study conducted in Yogyakarta between 2016 and
2020. All samples were stored in temperature-monitored freez-
ers at -80°C. Samples were selected from the archive based on
the availability of serum volume required for the reference and
index tests and randomized for inclusion in the study.

Evaluation laboratories
This study was conducted at EXEINS Health Initiative laboratory,

Jakarta, Indonesia, and the Diagnostic Laboratory Yayasan Ta-
hija at Universitas Gadjah Mada, Yogyakarta, Indonesia.

Reference standards
In total, 320 samples confirmed to be positive for dengue, and

279 samples confirmed to be negative for dengue were used.
Sample characteristics are described in Table 1. DENV RNA was
extracted using QlAamp Viral RNA Kits (Qiagen, Hilden, Ger-
many) according to the manufacturer’s protocol. As reference
standards for virologjcally confirmed dengue samples, we used
a combination of DENV detection and serotyping using CDC
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Table 1. Characteristics of dengue-confirmed samples used in this
study

Variable N (%)
Age Children (< 18 yrs of age) 211 (66)
Adults (218 yrs of age) 109 (34)
Sex Female 153 (48)
Male 167 (52)
Day of fever onset < 3 days 240 (75)
> 3 days 80(25)
Serotype DENV-1 82 (26)
DENV-2 86 (27)
DENV-3 67 (20)
DENV-4 85(27)
Immunologjcal status* Primary infection 226 (74)
Secondary infection 80 (26)

*Fourteen samples had equivocal IgG ELISA results. Abbreviations: DENV,
dengue virus.

DENV 1-4 real-time RT-PCR [7, 8], Platelia Dengue NS1 Ag ELISA
(Bio-Rad, Hercules, CA, USA), Ultra Dengue I1gM Capture ELISA
(SD Biosensor), and MinlON whole-genome sequencing (Oxford
Nanopore Technologies, UK) [9], based on recommendations for
dengue diagnosis in the WHO guidelines [2]. The threshold for a
positive result in CDC DENV-1-4 real-time RT-PCR was when the
amplification curve crossed the threshold line within 37 cycles
(<37 cycle threshold [Ct]), as specified in the CDC protocol [8].
The threshold for a positive result for Platelia Dengue NS1 Ag
ELISA was when the optical density ratio of the sample to the
cut-off was >1.0, as per the manufacturer’s instructions. The
threshold for a positive result for Ultra Dengue IgM Capture
ELISA was when the calculated index value was >1.1, as per the
manufacturer’s instructions.

DENV whole-genome sequencing was performed using Min-
ION (Oxford Nanopore Technologies, Oxford, UK), following the
manufacturer’s instructions. RNA was reverse transcribed using
Superscript Il Reverse Transcriptase (Invitrogen/Thermo Fisher
Scientific, Waltham, MA, USA) and amplified using multiplex PCR
with Q5 High-Fidelity DNA Polymerase (New England Biolabs,
Hitchin, UK). The sequencing library was prepared using a Na-
tive Barcoding Kit 96 v14 (Oxford Nanopore Technologies) and
sequenced using a MinlON Mk1B with Flow Cell R v10.4.1 (Ox-
ford Nanopore Technologies). The Pod5 data generated using
MinKNOW software v23.07.5 (Oxford Nanopore Technologies)
were base-called using Guppy v6.5.7 (Oxford Nanopore Technol-
ogies) with a super accurate model. Data QC and sequence as-
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sembly were performed using BBDuk v38.84 and Minimap2 on
Geneious Prime v2023.2.1. DENV genome sequences were
aligned using the MUSCLE program in MEGA Software v11.
(www.megasoftware.net).

The immunological status of DENV-positive samples was de-
termined based on Ultra Dengue IgG Capture ELISA test results.
A positive result, as determined by a calculated index value of
>1.1 as per the kit manufacturer’s instructions, indicated a sec-
ondary infection, whereas a negative result (index value of
<0.8) indicated a primary infection. Samples with an index
value of 0.8-1.1, interpreted as an equivocal result, were ex-
cluded from univariate analysis of the diagnostic parameters
and immunological status.

DENV-negative samples were determined based on negative
results of CDC DENV-1-4 real-time RT-PCR [7, 8], Platelia Den-
gue NS1 Ag ELISA (Bio-Rad, USA), and Ultra Dengue IgM Cap-
ture ELISA. The DENV-negative panel comprised 50 samples
from healthy volunteers, 179 serum samples from patients with
fever of non-DENV/unknown etiology, and 50 serum samples
from febrile patients confirmed positive for malaria.

Index tests

All samples were tested for DENV 1-4 detection and serotyping
using the Standard M10 DENV 1-4 system (Cat. No.: M10-
DEN-01) according to the manufacturer’s instructions. Standard
M10 DENV 1-4 consists of consoles (user interface), modules
(cartridge analysis function), and ready-to-use kits (car-
tridge). The tests were performed under uniform conditions for
all samples at both sites by researchers blinded to the demo-
graphic, clinical, and reference standard characteristics of the
sample. Results were processed through the M10 system, con-
sisting of a touch-screen console that holds the operating sys-
tem and up to eight cartridge-processing modules per console.
The DENV 1-4 test requires 300 pL of serum or plasma, which
was dispensed directly into the sample chamber in the car-
tridge. Subsequently, the cartridge was loaded into the module
and processed. The Ct value set by the kit manufacturer was
used as a threshold for positive/negative results. In the occur-
rence of invalid test results, index tests were repeated. When
the serum volume was insufficient for retesting, or the retest
also produced an invalid result, the sample was excluded from
analysis.

Statistical analysis and sample size calculation
R Studio software was used to construct contingency matrices

and perform calculations for the diagnostic parameters (sensi-
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Table 2. Comparison of the sensitivities of CDC RT-PCR and Standard M10 DENV 1-4

CDC RT-PCR Standard M10 DENV 1-4
Serope Positive (N) Negative (N) Sensitivity (%, 95% Cl) Positive (N) Negative (N) Sensitivity (%, 95% Cl)
DENV-1 78 4 95 (87.3-98.4) 82 0 100 (94.4-100)
DENV-2 80 6 93(84.9-97.1) 82 4 95 (87.9-98.5)
DENV-3 66 1 99 (90.7-99.9) 66 1 99 (90.7-99.9)
DENV-4 84 1 99 (92.7-99.9) 70 15 82(72.2-89.5)
Total 308 12 96 (93.4-98.0) 300 20 94 (90.4-96.0)

Abbreviations: DENV, dengue virus; RT-PCR, reverse transcription-PCR; CDC, Centers for Disease Control and Prevention; Cl, confidence interval.

tivity and specificity) of the Standard M10 DENV 1-4 test against
the reference standards. Z-tests for proportions statistical analy-
sis were also conducted using R Studio software. Statistical sig-
nificance was set to P<0.05. Diagnostic parameters were com-
pared between variables of age, sex, day of fever onset, sero-
type, and immunological status, using z-tests for proportions,
with confidence intervals set at 95%. The sample size was cal-
culated based on the three-step method [5], with a 90% power,
5% precision, and an expected sensitivity of 90% and specificity
of 95%, which are slightly more conservative estimates than the
sensitivity and specificity of the Standard M10 RT-PCR Assay for
Flu/RSV/SARS-CoV-2 determined in a previous study [6]. Using
this calculation, a minimum of 177 dengue-positive samples
were required for sensitivity evaluation (true-positive dengue
cases), and 117 dengue-negative samples were required for
specificity evaluation (true-negative dengue cases).

RESULTS

Well-characterized dengue-positive and -negative samples were
used in standard tests to evaluate assay sensitivity and specific-
ity. The overall sensitivity and specificity of Standard M10 DENV
1-4 were 94% (95% Cl, 90.4-96.0) and 100% (95% Cl, 96.9-
100), respectively. Regarding infection status, sensitivity was
slightly higher in primary infection (96%) than in secondary in-
fection (91%, P=0.243). The assay showed a slightly higher sen-
sitivity for the day of fever onset of <3 days (95%) than for the
day of fever onset of >3 days (91%, P=0.424). However, neither
of these differences in sensitivity were statistically significant.
The progression of M10 sensitivity throughout the day of fever
onset is presented in Supplemental Data Fig. S1.

Sensitivity did not significantly differ between age and sex
groups. The sensitivity in children (<18 yrs of age) was 94%,
whereas that in adults (>19 yrs of age) was 93% (P=0.738).
The sensitivity in samples from women was 94%, whereas that

Table 3. Agreement between CDC RT-PCR and Standard M10 RT-
PCR results

Standard M10 DENV 1-4
CDC RT-PCR = =
Positive Negative
Positive 288 20
Negative 12 279

Abbreviations: DENV, dengue virus; RT-PCR, reverse transcription-PCR; CDC,
Centers for Disease Control and Prevention.

in samples from men was 93% (P=0.977).

The results of the comparison of the sensitivities of CDC RT-
PCR and Standard M10 DENV 1-4, in total and by serotype, are
presented in Table 2. CDC RT-PCR and Standard M10 performed
similarly, and the difference in overall sensitivity was not signifi-
cant (P=0.204). CDC RT-PCR had the lowest sensitivity for
DENV-2 infections, whereas Standard M10 had the lowest sen-
sitivity for DENV-4 infections.

The overall agreement between dengue serotyping with CDC
RT-PCR and Standard M10 DENV 1-4 was 95% (Table 3). All
samples that tested positive by the two methods also had sero-
typing agreement. To confirm the identity of samples with dis-
crepant results between the two methods, we sequenced the
DENV genomes. Out of 32 samples with discrepant results, 16
were successfully sequenced. Of the 16 sequences, 10 were
from CDC RT-PCR-positive but Standard M10-negative samples
(one DENV-3 and nine DENV-4), whereas seven were from CDC
RT-PR-negative but Standard M10-positive samples (two DENV-
1, three DENV-2, and one DENV-4).

The sequences of the primers used in CDC RT-PCR were
aligned with the sequences of samples that had negative CDC
RT-PCR results (Supplemental Data Fig. S2).
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DISCUSSION

To our knowledge, this was the first study to evaluate the SD Bio-
sensor Standard M10 DENV 1-4 RT-PCR test. Other automated,
cartridge-based dengue RT-PCR methods include the POCKIT
Dengue Nucleic Acid Analyzer (GeneReach, Taichung, Taiwan)
[10, 11], the Convergys POC RT-PCR Dengue Virus Typing Kit
(Convergent Technologies, Colbe, Germany), and the FlashDe-
tect Dengue Assay (Coyote Bioscience, Beijing, China). Given its
relative novelty, peer-reviewed studies on this type of molecular
diagnostic technology are limited or lacking.

The Standard M10 DENV 1-4 RT-PCR test had comparable
sensitivity (95%) and specificity (100%) to the CDC DENV RT-
PCR method (96% and 100%, respectively). Disagreements be-
tween the two methods may be attributed to differences in
primer/probe sequences. The CDC RT-PCR primers and probes
were developed to detect various global DENV strains. However,
validation was performed mostly using isolates from the Ameri-
can continent and prototype strains from the African and Asia-
Pacific regions [7]. Using our panel of Indonesian DENV strains
isolated between 2016 and 2020, we found that CDC RT-PCR
had the lowest sensitivity for DENV-2. Continued virus evolution
from annual DENV outbreaks in endemic areas may lead to di-
vergence from these diagnostic strains and lowered serotype-
specific sensitivities. The CDC DENV RT-PCR primers and probes
have been found to have mismatches against DENV-2 genomes
isolated from the 2017 Burkina Faso dengue outbreak [12]. Di-
agnostic methods that consider the genetic variations in more
contemporary DENV strains must be developed to maintain ac-
curate detection.

The Standard M10 DENV 1-4 test was able to detect 12 DENV
infections that the CDC RT-PCR did not, although it missed 20
DENV infections that the CDC RT-PCR was able to detect. Out of
the 20 samples that the Standard M10 missed, 15 were
DENV-4 infections. DENV-4 is the serotype with the least num-
ber of published whole-genome sequences worldwide and, in
many countries, is the infecting serotype with the lowest preva-
lence [13]. In recent years, DENV-4 prevalence in Malaysia [14]
and some areas in Indonesia [15] has increased. This highlights
the need for continued genomic surveillance in affected areas
to develop highly sensitive detection methods for this serotype.

The strengths of this study are the inclusion of a relatively
high proportion of DENV-4 and the relatively high number of to-
tal samples tested. In addition, our study provides important di-
agnostic performance data for real-time testing in field condi-
tions, which may help validate the feasibility and reliability of the
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test in actual point-of-care settings. A limitation of this study is
that the samples included were all strains from Indonesia, which
were all of Genotype | for DENV-1, Cosmopolitan genotype for
DENV-2, Genotype | for DENV-3, and Genotype Il for DENV-4. Dif-
ferent genotypes may circulate in other dengue-endemic areas,
such as in the African and American continents and the Pacific
islands, and the diagnostic kit may perform differently in those
regions. The retrospective nature of the study and lack of broad
demographic variety in the sample population might limit the
applicability and generalizability of the findings across different
age groups, genetic backgrounds, and health conditions. An-
other limitation is that non-DENV flavivirus clinical specimens
were not available for specificity testing.

In conclusion, the Standard M10 DENV 1-4 RT-PCR test has
comparable sensitivity and specificity to the CDC DENV RT-PCR
method. Therefore, and because of the additional benefits of
convenient storage and transport, easy use, and rapid process-
ing, the Standard M10 test has the potential for DENV detection
and serotyping in point-of-care settings.

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.org/
10.3343/alm.2024.0558
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