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Abstract

Background: The accurate laboratory-based detection of respiratory viruses, including severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is essential for effective patient
management and infection control in the post-coronavirus disease 2019 era. In this study,
the performance of the PowerChek Respiratory Virus Panels 1-4 assay (Kogene Biotech) in
detecting non-SARS-CoV-2 respiratory viruses and SARS-CoV-2 was compared with those of
two established commercial assays.

Methods: Residual clinical respiratory specimens collected between December 2023 and
February 2024 were retested using the PowerChek assay. Of the 129 specimens retested, 80
had tested positive for 14 non-SARS-CoV-2 respiratory virus targets in the Allplex Respiratory
Panels 1-3 assay (Seegene) and 49 had been tested using the Alinity m SARS-CoV-2 assay
(Abbott; 20 positive and 29 negative for SARS-CoV-2). Agreement, Cohen’s kappa, and
discordant results were assessed.

Results: For the 14 non-SARS-CoV-2 respiratory virus targets, the virus-specific overall percent
agreement (OPA) ranged from 95.0% to 100%, the positive percent agreement (PPA) ranged
from 66.7% to 100%, and the negative percent agreement (NPA) ranged from 96.0% to 100%,
with kappa values of 0.64-1.00. Lower agreements were observed for human coronavirus
0C43 and influenza A virus. For SARS-CoV-2 detection, the OPA was 98.0% (PPA, 95.0%; NPA,
100%; kappa, 0.96).

Conclusion: The detection performance of the PowerChek assay was comparable to those of
the established assays for most respiratory virus targets, with lower agreement observed for
some targets. These features support its practical utility for the routine multiplex molecular
detection of respiratory viruses, including SARS-CoV-2.

Keywords: Respiratory tract infections, COVID-19, Multiplex polymerase chain reaction,
Sensitivity and specificity

Introduction

Background

Acute respiratory infections caused by viruses often lead to severe symptoms and hospitalization,
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particularly in children, older adults, and immunocompromised individuals [1,2]. The rapid and accurate
identification of respiratory viruses is essential for ensuring effective patient management and infection
control. In this regard, multiplex real-time polymerase chain reaction (PCR) assays enable the simultaneous
detection of multiple respiratory pathogens in a single test, thereby providing an efficient approach for
diagnosing respiratory viruses [3-5].

In the wake of the coronavirus disease 2019 (COVID-19) pandemic, the traditional seasonality of many
respiratory viruses has been disrupted and unpredictable circulation patterns have been increasingly reported
[6-10]. This loss of predictable seasonality makes it difficult for clinicians to infer causative pathogens solely
on the basis of clinical presentation. Additionally, the clinical manifestations of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection overlap with those of other respiratory viruses, and co-
infection with SARS-CoV-2 has been reported more frequently than previously described, indicating that
the detection of a single respiratory virus does not exclude a concurrent SARS-CoV-2 infection [11,12].
Recent evidence suggests that SARS-CoV-2 co-infection with other respiratory viruses may be associated
with increased mortality, underscoring the importance of comprehensive molecular testing to identify the
microbial etiology of infections for effective patient management and infection control [13].

Therefore, multiplex real-time PCR assays capable of simultaneously detecting multiple respiratory viruses,
including SARS-CoV-2, have become increasingly important for comprehensive respiratory virus diagnosis.
In Korea, several commercially available assays target a limited set of viruses, whereas broader syndromic
panels cover a wider range of common respiratory viruses in addition to SARS-CoV-2. The PowerChek
Respiratory Virus Panels 14 Kit (Kogene Biotech) provides broad coverage of common respiratory viruses
across multiple multiplex reactions/panels and is designed for high-throughput batch testing in centralized
laboratory settings.

PowerChek, which is a multiplex real-time reverse transcription PCR (rRT-PCR) assay, comprises
four reaction tubes (panels) that are designed to detect 16 respiratory viruses (including SARS-CoV-2)
by recognizing 17 target genes. Panel 1 detects influenza A virus (INF A), influenza B virus (INF B), and
SARS-CoV-2 and targets the nucleocapsid (N) and open reading frame 1ab (ORFlab) genes; panel 2
detects enterovirus/human rhinovirus (EV/HRV) and human coronaviruses (HCoVs) OC43, 229E, and
NL63; panel 3 detects human parainfluenza virus (HPIV) types 1, 2, 3, and 4; and panel 4 detects adenovirus
(ADV), human metapneumovirus (MPV), respiratory syncytial virus (RSV), and human bocavirus (BoV)
(Supplementary Table 1, 2).

Objectives

The aim of this study was to compare the performance of the PowerChek assay with those of two widely
used commercial assays in detecting respiratory viruses and SARS-CoV-2 in specimens collected during the
winter season of 2023-2024. Although the PowerChek assay has previously been evaluated using specimens
collected over extended periods, including November 2018 to December 2023 [14] and throughout 2023—
2024 [15], those studies reflect broader epidemiological contexts than that reflected by the winter season
cohort of the present study.
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Methods

Study design

This was a retrospective comparator-based study using residual clinical respiratory specimens rather than
a diagnostic accuracy study against an independent reference standard. The performance of the PowerChek
Respiratory Virus Panels 1-4 assay was compared with those of the Allplex Respiratory Panel (for 14
respiratory virus targets: ADV, BoV, EV/HRV, HCoV-229E, HCoV-NL63, HCoV-OC43, HPIV-1-4, INF A,
INF B, MPV, and RSV) and Alinity m SARS-CoV-2 assays. Residual specimens were selected to ensure an
adequate representation of viral targets for virus-specific agreement analyses. Additional discrepancy testing

was not performed owing to the limited residual specimen volume available.

Clinical specimens

In total, 129 clinical respiratory specimens (sputum, nasopharyngeal and nasal swabs, tracheal aspirates,
and bronchoalveolar lavage fluid) were obtained from patients with symptoms of respiratory tract infection
between December 2023 and February 2024. Among these specimens, 80 that were previously tested to be
positive in the Allplex assay were selected on the basis of viral target distribution. Additionally, 49 specimens
that had been tested using the Alinity m SARS-CoV-2 assay (20 positive and 29 negative samples) were
included. For retesting of the Allplex-positive specimens, we used nucleic acids that had already been
extracted during routine testing with the MagNA Pure 96 system (Roche Diagnostics) and were stored at

—70°C. For retesting of the Alinity-tested specimens, nucleic acids were newly extracted from the residual

specimens using the MagNA Pure 96 system because none had been stored after the initial testing,

PowerChek Respiratory Virus Panels 1-4 assay

The PowerChek assay includes a pre-dispensed strip containing a PCR mixture, a probe and primer
mixture, and an enzyme mixture. rRT-PCR was performed in a total volume of 20 uL (15 uL. PCR premix
and 5 pL template) using the PowerAmp96 Dx Real-Time PCR system (Kogene Biotech). Thermal cycling
was performed according to the manufacturer’s instructions. Each run included a manufacturer-provided
positive control and a negative control containing sterile DNase- and RNase-free water. A cycle threshold
(Ct) cutoff value of 34 was used to interpret the results. For the detection of SARS-CoV-2, a sample was
considered positive when both targets (i.e., the N and ORF1ab genes) showed Ct values of less than 34 and

inconclusive when only one target showed this Ct criterion.

Allplex Respiratory Panels 1-3 assay

The Allplex Respiratory Panels 1-3 rRT-PCR assay (Allplex) was performed by adding 8 pL of extracted
nucleic acid to a mixture consisting of 17 pL of one-step rRT-PCR premix and 10 pL. of exogenous internal
control. The one-step rRT-PCR was performed on the CFX96 Real-Time PCR system (Bio-Rad). Thermal
cycling and fluorescence acquisition were performed according to the manufacturer’s instructions. The

results were interpreted as positive if a well-defined exponential amplification curve crossed the threshold at
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a Ctvalue of less than 42.

Alinity m SARS-CoV-2 assay

The Alinity m SARS-CoV-2 assay (Alinity; Abbott), which is a qualitative rRT-PCR assay, was performed
on a fully automated Alinity m system that carries out specimen—reagent mixing, nucleic acid extraction,
and rRT-PCR amplification with a total sample volume of 500 pL. rRT-PCR amplification was performed
according to the manufacturer’s instructions and the results were classified according to the manufacturer’s
criteria (positive if the amplification curve crosses the threshold at Ct < 36, inconclusive if 36 < Ct <42, and

negative if Ct > 42).

Statistical analysis

Statistical analyses were performed using Python software (version 3.12). The agreement between the
PowerChek assay and each comparative assay was evaluated by calculating the positive percent agreement
(PPA), negative percent agreement (NPA), overall percent agreement (OPA), and Cohen’s kappa coefficient.
For the agreement analyses, inconclusive SARS-CoV-2 results were classified as negative. Exact binomial
95% confidence intervals for PPA and NPA were calculated using the Clopper—Pearson method, whereas
95% confidence intervals for Cohen’s kappa were estimated using bootstrap resampling (5,000 iterations).

Results

Comparison of the PowerChek and Allplex assays

Eighty respiratory specimens that had previously tested positive in the Allplex assay were retested using
the PowerChek assay. The specimens were obtained from patients with a median age of 7 years (range, 0-84
years), 49 (61.3%) of whom were males and 31 (38.8%) were females. Most specimens were submitted
from the pediatric emergency department (42.5%), with the other samples being from general wards and
intensive care units. The specimen types included 39 sputum samples (48.8%), 19 tracheal aspirates (23.8%),
16 nasal swabs (20.0%), and 6 bronchoalveolar lavage samples (7.5%). The PowerChek assay detected one
or more respiratory viruses in 77 of the 80 specimens. Specifically, 59 specimens tested positive for a single
virus, 15 for two viruses, 2 for three viruses, and 1 for four viruses in the PowerChek assay. At the specimen
level, the OPA between the PowerChek and Allplex assays for detecting common respiratory viruses was
96.3%. Because these specimens were all Allplex positive, whether the OPA equaled the PPA and NPA could
not be estimated. At the virus-specific level, the PPAs between the two assays ranged from 66.7% to 100%,
and the NPAs ranged from 96.0% to 100%. Cohen’s kappa coefficients ranged from 0.64 to 1.00 (Table 1).
High concordance was observed for several clinically important respiratory viruses, including INF B, MPV,
and RSV, all of which exhibited PPAs of 97% or higher with Cohen’s kappa values approaching or equal to
1.00. By contrast, only a limited number of specimens tested were positive for low-prevalence targets (BoV
and certain HPIV subtypes) and none were positive for HCoV-229E or HPIV-4.
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In total, 17 instances of discordance between the two assays were observed in 15 specimens (two
specimens showed discordance for two targets) (Table 2). Among these 15 specimens, 12 (80.0%) were
identified as polyviral by at least one of the two assays. Five discordant detections (3 for ADV and 2 for EV/
HRV) were PowerChek positive and Allplex negative, representing potential false-positive findings relative
to the comparator assay. By contrast, the remaining discordant detections (1 for ADV, 1 for BoV and EV/
HRV, 1 for EV/HRYV, 4 for HCoV-OC43, 3 for INF A, and 1 for RSV) were PowerChek negative and Allplex
positive, representing potential false-negative findings relative to the comparator assay. The discordant
detections were frequently associated with Ct values close to the respective assay cutoffs, suggesting a low
viral load. Additionally, the PowerChek assay enabled the simultaneous detection of respiratory viruses

and SARS-CoV-2, identifying the latter in four specimens. SARS-CoV-2 is not included in the Allplex

Respiratory Panel target list.

Table 1. Agreement of the PowerChek Respiratory Virus Panels 1—4 assay with comparator assays in detecting respiratory

viruses and SARS-CoV-2

Virus Comparator assay f/impaji‘)rmzeﬂjlj OPA%(95%CI)  PPA%(95%CI)  NPA%(95%CI)  Kappa(95% CI)
ADV Allplex 4 1 3 72 950(877-986) 800(284995)  960(888-992)  0.64(021-092)
BoV Allplex 0 1 0 79 988(932-1000)  00(0.0-975  1000(954-1000) NA

EV/HRV Allplex 200 2 2 55 950(87.7-986)  913(720-989)  96.5(87.9-99.6)  0.88(0.74-097)
HCOV-229E Allplex o 0 0 0 N/A N/A N/A NA

HCoVNL63  Allplex 30 0 77 1000(955-1000) 100.0(292-1000) 100.0(953-1000)  1.00(1.00-1.00)
HCoV-0C43  Allplex 8 4 0 68 950(877-986)  667(349-90.1)  1000(947-1000) 0.7 (0.52-0.95)
HPIV-1 Allplex 10 0 79 1000(955-1000) 1000(25-1000) 100.0(954-100.0)  1.00(1.00-1.00)
HPIV-2 Allplex 10 0 79 1000(955-100.0) 1000(2.5-1000) 100.0(954-100.0)  1.00(1.00-1.00)
HPIV-3 Allplex 10 0 79 1000(955-1000) 1000(25-1000) 100.0(954-100.0)  1.00(1.00-1.00)
HPIV4 Allplex o 0 0 0 N/A N/A NA NA

INFA Allplex 7 3 0 70 962(894992)  700(348-933) 1000(949-1000)  0.80(0.52-1.00)
INFB Allplex 7 0 0 73 1000(955-1000) 100.0(59.0-1000) 100.0(95.1-1000) 1.0 (1.00-1.00)
MPV Allplex 4 0 0 76 1000(955-1000) 1000(39.8-100.0) 100.0(953-100.0)  1.00(1.00-1.00)
RSV Allplex 310 46 988(932-1000)  97.1(84.7-999)  100.0(923-100.0) 097 (0.92-1.00)
SARS-CoV:2  Alinitym 19 1 0 29 980(89.1-999)  950(75.1-999)  100.0(88.1-100.0)  0.96 (0.86-1.00)

Aplus sign (+) indicates a positive result (target detected), whereas a minus sign (—) indicates a negative result (target not detected).

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OPA, overall percent agreement; PPA, positive percent agreement; NPA,
negative percent agreement; CI, confidence interval; ADV, adenovirus; BoV, human bocavirus; EV/HRYV, enterovirus/human rhinovirus; HCoV, human
coronavirus; HPIV, human parainfluenza virus; INF, influenza virus; MPV, human metapneumovirus; N/A, not applicable; RSV, respiratory syncytial

virus.
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Table 2. Specimens showing discordant results between the PowerChek Respiratory Virus Panels 1-4 assay and two comparator

assays
Discordant target Specimen ID Comparator assay PowerChek (Ct) Comparator (Ct) Other concordant targets
ADV S45 Allplex +(31.80) - RSV
S55 Allplex +(32.49) - MPV
S78 Allplex +(33.13) - HCoV-0C43
S25 Allplex - +(4048) INFA
BoV, EV/HRV S73 Allplex = +(34.82,40.75) RSV
EV/HRV S59 Allplex +(32.08) - RSV
S74Y Allplex +(2691) - HCoV-NL63
S80 Allplex - +(40.38) ADV
HCoV-0OC43 S11 Allplex - +(36.97) INFB
S53 Allplex - +(39.95) None
S63 Allplex - +(27.60) None
S77 Allplex - +(2441) None
INFA S12 Allplex - +(39.90) EV/HRV, HPIV-2
S29 Allplex - +(36.85) ADV, EV/HRV, HCoV-OC43, RSV
S74” Allplex - +(36.50) HCoV-NL63
RSV S14 Allplex - +(36.89) EV/HRV
SARS-CoV-2 S90 Alinity m Inc” +(34.09) None

Aplus sign (+) indicates a positive result (target detected), whereas a minus sign (-) indicates a negative result (target not detected). Ct values are provided
for discordant targets only. For S73, in which more than one discordant viral target was identified, both Ct values are listed in the cell, separated by a
comma.

YEV/HRYV (Ct, 34.71) was detected in the PowerChek assay despite a negative () result.

®Both assays detected HCoV-NL63; PowerChek also detected EV/HRV, whereas Allplex detected INF A.

“PowerChek was inconclusive for SARS-CoV-2 (N gene: Ct, 30.92; ORF1ab gene: Ct, 34.15).

Abbreviations: Ct, cycle threshold; ADV, adenovirus; RSV, respiratory syncytial virus; MPV, human metapneumovirus; HCoV-OC43, human
coronavirus OC43; INF, influenza virus; BoV, human bocavirus; EV/HRYV, enterovirus/human rhinovirus; HPIV, human parainfiuenza virus; Inc,
inconclusive; ORF, open reading frame; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Comparison of the PowerChek and Alinity assays

In total, 49 specimens tested with the Alinity m SARS-CoV-2 assay (20 positive and 29 negative) were
retested using the PowerChek assay. The specimens were obtained from patients with a median age of 66
years (range, 0-94 years), of whom 28 (57.1%) were males and 21 (42.9%) were females. Most specimens
were submitted from inpatient wards (79.6%), with the remainder being from emergency departments and
intensive care units. The specimen types included 47 nasopharyngeal swabs (95.9%) and 2 bronchoalveolar
lavage samples (4.1%). The specimen-level OPA between the two assays was 98.0%, with a PPA of 95.0%
and an NPA of 100%. Cohen’s kappa coefficient was 0.96 (Table 1). Discordant detection occurred for one
specimen only, for which the PowerChek assay yielded an inconclusive result whereas the Alinity assay
yielded a positive one. The PowerChek assay detected the SARS-CoV-2 N gene but not the ORFlab gene
(Ct > cutoff for the latter). Although repeated analyses were performed according to the manufacturer’s
instructions, the results remained inconclusive. Additionally, the PowerChek assay detected other respiratory
viruses not targeted by the Alinity assay, identifying EV/HRV, HCoV-NL63, and RSV in six specimens
(Supplementary Table 3).
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Discussion

Key results

High agreement was observed between the PowerChek Respiratory Virus Panels 1-4 assay and each of
the two established comparator assays in their detection of respiratory viruses in routine clinical samples,
with the specimen-level agreements reaching 96.3% for common respiratory viruses (vs. Allplex) and 98.0%
for SARS-CoV-2 (vs. Alinity). Discordant detections were rare and largely occurred in polyviral specimens
and/or near assay Ct cutoffs, which was consistent with low viral loads. The inclusion of SARS-CoV-2 in

PowerChek and the broad coverage of the assay support its use for high-throughput testing.

Interpretation and comparison with previous studies

The observed agreement of the PowerChek assay with the comparator assays during the 2023-2024 winter
season was consistent with the findings from previous studies conducted over extended periods; namely, the
study from November 2018 to December 2023 [14], which evaluated agreement with the Allplex assay, and
the study during the 20232024 season [15], which compared PowerChek with both the Allplex and BioFire
FilmArray Respiratory 2.1plus Panel assays (FilmArray RP2.1plus; BioFire Diagnostics). Taken together,
these findings indicate stable assay performance across diverse epidemiological contexts. High agreement
was observed for major winter respiratory viruses, including INF B, MPV, and RSV, with Cohen’s kappa
coefficients ranging from 0.97 to 1.00. Additionally, the PowerChek assay yielded high NPA values (96.0%—
100.0%). In the absence of an independent reference standard, these findings indicate a negative agreement
rather than definitive specificity estimates.

The most discordant results occurred in the polyviral specimens and were frequently associated with Ct
values near the assay cutoffs, suggesting low viral loads. Accordingly, the lower PPA values observed for
certain viruses, such as HCoV-OC43 and INF A, should be interpreted with caution owing to the limited
number of positive specimens, as reflected by the wide confidence intervals. Furthermore, several specimens
in which HCoV-OCA43 was detected only by the Allplex assay may represent infections caused by human
coronavirus HKU1 (HCoV-HKU1) rather than true HCoV-OC43 infections. Since the identification of
HCoV-HKUTI in 2005 [16], one study has reported its misclassification as HCoV-OC43 by the Allplex
assay, which was attributed to sequence homology and the assay design [17]. According to recent
studies, approximately 20% of specimens that tested positive for HCoV-OC43 in the Allplex assay were
subsequently confirmed to be HCoV-HKUT [14,18]. In the present study, three specimens were PowerChek
negative but Allplex positive for INF A, and the corresponding Allplex Ct values were high (36.50, 36.85,
and 39.90 for specimens S74, S29, and S12, respectively), suggesting low viral loads near the assay detection
limit. Given that a previous study reported 100% PPA between the two assays for detecting INF A [14], these
discordances are more likely attributable to specimen-specific factors rather than systematic assay failure.
The limited number of specimens positive for certain low-prevalence targets (including BoV and specific
HPIV subtypes) is consistent with regional surveillance data showing low circulation of these viruses during

the winter season of 2023-2024.
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This study also demonstrated that the performance of the PowerChek assay was comparable to that of
the Alinity assay in detecting SARS-CoV-2 specifically. The two assays showed near-perfect agreement,
and only one discordant specimen displayed an inconclusive result in the PowerChek assay and a positive
result in the Alinity assay. In this specimen, only the N gene was detected (Ct > cutoff for the ORF1ab gene),
suggesting a viral load near the limit of detection, which likely contributed to the inconclusive result. Under
such conditions, differences in the assay design, including target selection, may contribute to discordant
results. Unlike the PowerChek assay, the Alinity assay targets the RNA-dependent RNA polymerase and N
genes of SARS-CoV-2. A previous study has indicated that differences in primer and probe design may lead
to non-uniform performance among different assays [19].

In addition to showing performance comparable to that of other widely used assays, the PowerChek assay
offers several practical advantages for routine clinical use. In particular, the inclusion of SARS-CoV-2 within
a multiplex respiratory virus panel is valuable in the post-COVID-19 era, as the seasonality of respiratory
viruses has become less predictable. Moreover, co-infections between SARS-CoV-2 and other respiratory
viruses have been reported more frequently, and the detection of other respiratory viruses does not prectude
a concomitant SARS-CoV-2 infection [9,12]. The PowerChek assay enables the simultaneous detection of
SARS-CoV-2 and other respiratory viruses. In the present study, it identified SARS-CoV-2 and additional
respiratory viruses that were outside the target lists of the Allplex and Alinity assays. This broader target
coverage may reduce the need for additional testing in routine clinical practice. Despite these advantages, the
PowerChek assay includes fewer gene targets than those in the Allplex assay (Supplementary Table 1) and
does not provide INF A subtype differentiation (H1, HIN1-pdm09, H3) or RSV A/B typing. Additionally,
whereas EV and HRV are detected separately by the Allplex assay, both viruses are reported as a combined
target (EV/HRV) in the PowerChek assay, which limits subtype- or species-level information for certain
viruses. From an operational perspective, FilmArray RP2.1plus offers a shorter turnaround time for single on-
demand testing, whereas the PowerChek assay is optimized for batch processing in centralized laboratories.
Because the PowerChek assay requires nucleic acid extraction and a batch-based workflow, the turnaround
time depends on batching and laboratory scheduling. Nevertheless, a previous study has suggested that for
testing three or more specimens, this assay can be more efficient in terms of overall turnaround time and cost
[15]. These differences in workflow should be considered when selecting platforms for emergency single-
sample testing versus routine high-throughput testing. Collectively, these characteristics support the suitability
of the PowerChek assay for the comprehensive detection of respiratory viruses, including SARS-CoV-2, in
routine diagnostic and surveillance settings that require high-throughput testing.

Limitations

This study has several limitations. First, the limited number of specimens for low-prevalence targets
(including BoV and HPIV-1-3) and the absence of HPIV4- and HCoV-229E-positive specimens restricted
the performance evaluation for these viruses. Second, because all assays compared in this study were
based on real-time PCR, no independent reference standard was available to determine their true diagnostic

sensitivity or specificity. Moreover, discordant results could not be resolved using a third method (e.g.,
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additional rRT-PCR or sequencing) because of the limited residual specimen volume, and a medical record
review was not performed as it was beyond the scope approved by the Institutional Review Board. Therefore,
the reported performance metrics should be interpreted as inter-assay agreements rather than as definitive

diagnostic accuracy.

Conclusion

In summary, the performance of the PowerChek assay was shown to be comparable to those of the Allplex
and Alinity assays. The PowerChek assay is a practical option for the comprehensive detection of respiratory
viruses (including SARS-CoV-2) in clinical laboratories that require high-throughput batch testing in the post—
COVID-19 era.

Supplementary materials

The following supplementary materials are available on the journal’s website:
* Supplementary Table 1. Characteristics of the PowerChek Respiratory Virus Panels 1-4 and Allplex
Respiratory Panels 1-3 assays
*  Supplementary Table 2. Manufacturer-claimed analytical limits of detection of the PowerChek assay
and comparator assays by target
* Supplementary Table 3. PowerChek detection of respiratory viruses among specimens tested using
the Alinity m SARS-CoV-2 assay (n=49)
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