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Abstract: Multiplex nucleic acid amplification assays that simultaneously detect multiple respiratory
pathogens in a single nasopharyngeal swab (NPS) specimen are widely used for rapid clinical
diagnostics. We evaluated Allplex Respiratory Panel (RP) 1, 2, 3, and the BioFire FilmArray RP
assay for detecting respiratory pathogens from NPS specimens. In all, 181 NPS specimens obtained
from patients suspected of having respiratory infections during the non-influenza season (August–
December 2019) were included. The Allplex RP 1, 2, and 3 detected 154 samples positive for
respiratory viruses, whereas the BioFire FilmArray detected viruses in 98 samples. Co-infection
with two or more viruses was detected in 41 and 17 NPS specimens by Allplex RP and the BioFire
FilmArray RP, respectively. For adenoviruses, Allplex RP 1 detected 31 specimens, compared to 34
by the BioFire FilmArray. In all, 64 NPS specimens were positive for human enterovirus (HEV) and
human rhinovirus (HRV) on the Allplex RP, in contrast to 39 HEV/HRV on the BioFire FilmArray.
The parainfluenza virus (PIV-1–4) detection rate differed between the two systems. Most discrepant
results were observed for NPS specimens with high cycle threshold values obtained by Allplex RP.
This study showed concordant performance of the Allplex RP 1, 2, 3, and the BioFire FilmArray RP
for the simultaneous detection of multiple respiratory viruses.

Keywords: respiratory infections; viruses; multiplex RT-PCR; respiratory panel; molecular diagnosis

1. Introduction

Acute respiratory infections (ARIs) are a common and major cause of illnesses fre-
quently seen in children, the elderly, and immunocompromised patients, leading to hospi-
talization [1,2]. Several bacteria, fungi, and viruses can result in respiratory infections, but
viruses have been the major etiology in ARIs; the most common viruses include human
adenovirus (AdV), human coronavirus (229E, NL63, OC43, HKU1), influenza A virus
(FluA), influenza B virus (FluB), human bocavirus 1/2/3/4 (HBoV), human enterovirus
(HEV), human metapneumovirus (MPV), human rhinovirus (HRV), parainfluenza virus 1
(PIV-1), parainfluenza virus 2 (PIV-2), parainfluenza virus 3 (PIV-3), parainfluenza virus
4 (PIV-4), and respiratory syncytial virus A/B (RSV-A/B) [3,4]. ARI symptoms include
headache, flu, cold, cough, nasal discharge, congestion, wheezing, shortness of breath, and
myalgia. With ARI symptoms such as flu, cold, and sore throat are common to different
pathogens, the accurate and rapid detection of an etiological agent is crucial for timely
patient management, preventing the secondary spread of infection, and reducing hospital
stays [5]. Consequently, rapid multiplex nucleic acid amplification assays have been de-
veloped and widely used to detect respiratory pathogens in nasopharyngeal samples [6].
Multiplex real-time polymerase chain reaction (RT-PCR) assays utilize nucleic acids from
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etiological agents as biomarkers and allow the rapid simultaneous detection of multiple
respiratory pathogens in a single test with an easy sample-to-answer workflow [7–11].

For example, Seegene Allplex™ Respiratory Panel (RP) 1, 2, 3 (Seegene Inc., Songpa-gu,
Seoul, Korea) and bioMérieux BioFire® FilmArray® RP (BioFire Diagnostics, Salt Lake City,
UT, USA) use a multiplex PCR technology to simultaneously detect multiple respiratory
pathogens in nasopharyngeal swab (NPS) specimens in a single test with high sensitivity
and specificity [12–14]. Allplex RP 1, 2, and 3 comprises a one-step RT-PCR test based
on multiple detection temperature (MuDT™) technology, which detects multiple analytes
in a single fluorescence channel without melting curve analysis within a total time of
210 min [15]. The Allplex RP operates on the Seegene workflow, consisting of a module for
nucleic acid extraction and PCR setup, a 96-well PCR thermocycler, and a computer for
data analysis and interpretation of results. This assay also provides the cycle threshold (Ct)
values of the positive analytes. The Allplex RP simultaneously tests 19 different viruses
in a single nasopharyngeal sample; with the target including Panel 1: FluA, FluA-H1,
FluA-H1pdm09, FluA-H3, FluB, RSV-A, and RSV-B; Panel 2: AdV, HEV, MPV, PIV-1, PIV-2,
PIV-3, and PIV-4; Panel 3: HBoV, human coronavirus 229E, NL63, OC43, and HRV.

The BioFire FilmArray RP is a cartridge-based nested RT-PCR test that utilizes melt-
ing curve analysis for the simultaneous detection of 21 different respiratory pathogens
(18 viruses and three bacteria) in a single nasopharyngeal sample. The viral targets detected
by BioFire FilmArray RP include AdV, human coronavirus (HCoV 229E, NL63, OC43, and
HKU1), MPV, FluA, FluA-H1, FluA-H3, FluA-H1-2009, FluB, PIV-1, PIV-2, PIV-3, PIV-4,
HEV/HRV, and RSV-A/B. In addition, the panel can detect three bacteria that commonly
cause respiratory tract infections, including Bordetella pertussis (BPP), Chlamydophila pneumo-
niae (CP), and Mycoplasma pneumoniae (MP). With integrated nucleic acid extraction, nested
multiplex PCR amplification, detection, automated data analysis, and interpretation of re-
sults as detected or not detected, the BioFire RP assay requires a run time of approximately
45 min.

The Allplex RP 1, 2, 3, and BioFire FilmArray RP assays are varied in the formulation
and thus may vary in analytical performance. However, a direct comparative evaluation of
these multiplexed panels for detecting respiratory pathogens has not yet been reported.
Therefore, this study aimed to comparatively evaluate the performance of Allplex RP 1, 2,
3, and BioFire FilmArray RP assays for the simultaneous detection of multiple respiratory
viruses in clinical NPS specimens that had been submitted for the diagnosis of respiratory
infections. The diagnostic performance of the RP assays was evaluated based on positive
and negative agreement.

2. Materials and Methods
2.1. Clinical Specimens and Study Design

This study was conducted at Kangdong Sacred Heart Hospital, Seoul, Korea, during
the non-influenza season (August 2019 to December 2019). A total of 181 NPS specimens
were collected from patients suspected of having respiratory infection in a universal trans-
port medium (UTM™) (Copan Italia S.p.a, Brescia, Italy). After the analysis of BiFire
FilmArray RP, we stored the NPS specimens at −70 ◦C and performed the Allplex RP
analysis. The results obtained from multiplexed panels were compared for: (i) positive or
negative for each analyte, (ii) degree of agreement in the detection of identical analytes,
and (iii) performance based on the relation between cycle threshold (Ct) values generated
by the Allplex RP.

2.2. Allplex Respiratory Pathogens (RP) 1, 2, 3 Testing

The 300 µL of NPS sample (with 100 µL elute) was processed for nucleic acid extraction
using microLAB NIMBUS IVD (Seegene Inc., Korea). The NIMBUS IVD consists of a single
set of reagents for automated nucleic acid (DNA and RNA) extraction from NPS specimens.
Each reaction mixture contained 8 µL of extracted nucleic acid and 17 µL of one-step
RT-PCR master mix (5× RP MOM, 5 µL of RNase-free water, 5 µL of 5× real-time one-
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step buffer, and 2 µL of real-time one-step enzyme) at a final volume of 25 µL. Multiplex
RT-PCR was performed using a CFX96™ Real-time PCR System (Bio-Rad Laboratories,
Hercules, CA, USA). The results were analyzed automatically using Seegene Viewer V2.0
(Seegene Inc., Korea) and interpreted according to the manufacturer’s instructions. The
entire process took approximately 210 min. Allplex RP 1, 2, and 3 allowed the simultaneous
detection of 19 different viruses in a single NPS specimen. However, the Mycoplasma
pneumoniae positive NPS specimens on the BioFire FilmArray RP assay were further tested
using the Seegene PneumoBacter ACE Detection Panel (Seegene Inc., Korea), allowing the
simultaneous detection of six respiratory bacterial pathogens in a single NPS specimen,
including Bordetella pertussis (BP), Chlamydophila pneumoniae (CP), Haemophilus influenzae
(HI), Legionella pneumophila (LP), Mycoplasma pneumoniae (MP), and Streptococcus pneumoniae
(SP).

2.3. BioFire FilmArray RP Testing

The NPS sample (300 µL) was processed with the BioFire FilmArray RP according to
the manufacturer’s instructions. The BioFire FilmArray RP integrates the following steps:
(i) nucleic acid extraction: lysis by agitation and by sample buffer followed by purification
of all nucleic acids using magnetic beads; (ii) nested multiplex PCR: first performs reverse
transcription followed by multiplexed PCR1 and then performs multiple simultaneous
PCR2 in the array to amplify sequences within PCR1 products; and (iii) interpretation of
results: BioFire FilmArray software evaluates the endpoint melting curve data to detect
target-specific amplicons and analyze it to generate a result for each analyte within a single
NPS specimen. Possible results of each target in a valid run were reported as detected or
not detected. The entire process took approximately 45 min for a single reaction (i.e., per
specimen). The BioFire FilmArray RP allows the simultaneous detection of 21 different
respiratory pathogens (18 viruses and three bacteria) in a single reaction.

3. Results
3.1. Comparative Evaluation of Multiplexed Panels
3.1.1. Detection of Respiratory Viruses

Comparative evaluation of the Allplex RP 1, 2, and 3 against the BioFire FilmArray
RP assay was performed for simultaneous detection of multiple respiratory viruses in 181
NPS specimens from patients suspected of respiratory infections. Coronavirus HKU1 and
human bocavirus 1/2/3/4 (HBoV) could not be comparatively analyzed because these
analytes were included in only one of the two systems. HEV and HRV have been reported
separately by the Allplex RP 2 and 3 assays, whereas the BioFire FilmArray RP assay
does not differentiate between them and reports as a single human rhinovirus/enterovirus
(HRV/HEV). RSV-A and RSV-B were reported separately by the Allplex RP 1 assay, whereas
the BioFire FilmArray RP assay reports them as a single RSV-A/RSV-B. The Allplex RP
1, 2, and 3 assays only generated Ct values of detected analytes, which were accepted
as positive and utilized to compare the performance of the BioFire FilmArray RP for the
detection of respiratory viruses. The difference in quantity (Ct value) of detected analytes
was not compared because the BioFire FilmArray RP assay provided results as detected or
not detected without Ct values.

Results of the 181 NPS specimens tested for respiratory viruses showed that Allplex
RP 1, 2, and 3 assays detected one or more viral analytes per sample as: one virus (n = 50),
two viruses (n = 23), three viruses (n = 15), four viruses (n = 2; sample no. 1 and 38), and
five viruses (n = 1; sample no. 44) (Figure 1). The BioFire FilmArray RP detected one or
more viral analytes per NPS specimen as one virus (n = 62), two viruses (n = 15), and three
viruses (n = 2; sample no. 38 and 135). No viruses were detected in 90 NPS specimens by the
Allplex RP 1, 2, and 3 assays and 102 NPS specimens using the BioFire FilmArray RP assay.
However, several samples negative for a virus by one multiplexed panel were detected
as positive by the comparator multiplexed panel. For example, the BioFire FilmArray RP
detected NPS specimens positive for single viral infections (n = 5) were not detected by the
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Allplex RP 1, 2, and 3 assays. Seventeen of the 102 NPS specimens without viral infection
by the BioFire FilmArray RP were detected positive for single or multiple viral infections
by Allplex RP 1, 2, and 3 assays. In summary, among the 181 NPS specimens tested, the
Allplex RP 1, 2, and 3 assays detected 154 samples positive for respiratory viruses, whereas
the BioFire FilmArray RP detected viruses in 98 samples. Furthermore, co-infection of two
or more viruses was detected in 41 and 17 NPS specimens by Allplex RP 1, 2, 3, and the
BioFire FilmArray RP assays, respectively (Table S1). The simultaneously detected targets
in the NPS specimens by Allplex RP 1, 2, 3, and the BioFire FilmArray RP assays are listed
in Table S1.
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Figure 1. Comparison of the Allplex RP 1, 2, 3, and the BioFire FilmArray RP assays for the detection
of respiratory viruses in nasopharyngeal swab (NPS) specimens (n = 181). ND: No virus detected.

The diagnostic performance of Allplex RP 1, 2, 3, and the BioFire FilmArray RP assays
for detecting respiratory viruses in NPS specimens are summarized in Table 1. All 181 NPS
specimens were found to be negative for coronavirus (229E, NL63, OC43, HKU1), influenza
B virus (FluB), and human metapneumovirus (MPV). The Allplex RP 3 assay detected 10
NPS specimens positive for HBoV-1/2/3/4; however, this analyte was not included in the
BioFire FilmArray RP and was not comparatively analyzed.

Complete agreement between the Allplex RP 1 and BioFire FilmArray RP was found
for the detection of the FluA (n = 2; sample no. 116 and 135) (Table 1). No complete con-
cordance was observed for AdV, HEV/HRV, PIV-1–4, and RSV-A/B. The most frequently
detected viral analytes in NPS specimens were HEV/HRV, where Allplex RP 2 and 3 assays
detected 24 HEV and 55 HRV, while the BioFire FilmArray RP assay detected 39 HEV/HRV-
positive samples. All 39 HEV/HRV-positive NPS specimens by the BioFire FilmArray RP
were also positive for HEV or HRV in the Allplex RP 2 and 3 assays. However, 12 HEV and
26 HRV-positive NPS specimens on the Allplex RP 2 and 3 were not detected by the BioFire
FilmArray RP assay. For HEV/HRV detection, the best performance was achieved by the
Allplex RP 2 and 3 (35.3%) compared to the BioFire FilmArray RP assay (21.5%). The NPS
specimens positive for parainfluenza viruses on the Allplex RP 2 and BioFire FilmArray RP
assays were PIV-1 (n = 6 and 4), PIV-2 (n = 5 and 2), PIV-3 (n = 5 and 6), and PIV-4 (n = 6
and 2). For comparison of individual RSV-A (n = 4) and RSV-B (n = 4) detected by Allplex
RP 1 assay, the BioFire FilmArray RP agreed on seven positive NPS specimens. However,
one RSV-A was only detected in the Allplex RP 1 assay, whereas only one RSV-A/RSV-B
was detected in the BioFire FilmArray RP assay.



Diagnostics 2022, 12, 9 5 of 11

Table 1. Comparison of Allplex RP 1, 2, 3 and BioFire FilmArray RP assays for the detection of
respiratory viruses in NPS specimens.

Viruses
Allplex RP 1, 2, and 3 BioFire FilmArray RP

Positive Negative Positive Negative

AdV 31 (3) 150 34 (5) 147
229E 0 181 0 181
NL63 0 181 0 181
OC43 0 181 0 181
HKU1 NT NT 0 181
FluA 2 179 2 179
FluB 0 181 0 181

HBoV-1/2/3/4 10 171 NT NT
HEV/HRV a 64 (25) 117 39 142

HEV 24 (12) 157 NT NT
HRV 55 (26) 126 NT NT
MPV 0 181 0 181
PIV-1 6 (3) 175 4 (1) 177
PIV-2 5 (3) 176 2 179
PIV-3 5 (1) 176 6 (2) 175
PIV-4 6 (4) 175 2 179

RSV-A/RSV-B b 4 (1)/4 177/177 8 (1) 173
RSV-A 4 (1) 177 NT NT
RSV-B 4 177 NT NT

a: BioFire FilmArray RP assay does not differentiate between human enterovirus (HEV) and human rhinovirus
(HRV) and reports them as a single analyte, HEV/HRV. b: BioFire FilmArray RP assay does not differentiate
between RSV-A and RSV-B and reports them as a single analyte RSV-A/RSV-B. Numbers in parentheses indicate
the analytes detected only by the one RP assay. NT: not tested. Abbreviations: AdV, adenovirus; 229E, NL63,
and OC43, coronavirus; FluA, influenza A virus; FluB, influenza B virus; HBoV, human bocavirus 1/2/3/4; HEV,
human enterovirus; MPV, human metapneumovirus; HRV, human rhinovirus; PIV-1, PIV-2, PIV-3, and PIV-4,
parainfluenza viruses 1, 2, 3, and 4; RSV-A and RSV-B, respiratory syncytial virus A and B.

3.1.2. Detection of Mycoplasma Pneumoniae

Compared with the Allplex RP 1, 2, and 3 assays, the BioFire FilmArray RP assay
contains an additional respiratory target, that is, M. pneumoniae; thus, BioFire FilmArray
RP results for this bacterium were accepted as correct. The NPS specimens positive for
M. pneumoniae on the BioFire FilmArray RP were further confirmed by a separate Seegene
PneumoBacter ACE detection panel, which also offers Ct values for the detected ana-
lytes. Twenty-one of the 61 NPS specimens were positive for M. pneumoniae in the BioFire
FilmArray RP assay during the non-influenza epidemic (October and November 2019).
Further evaluation of the same 61 NPS specimens on the PneumoBacter ACE detection
panel showed complete concordance (n = 21) with the BioFire FilmArray RP assay. The
PneumoBacter ACE detection panel generated Ct values of detected analytes, which were
accepted as correct and utilized to compare the performance with the BioFire FilmArray
RP. The Ct values obtained from the PneumoBacter ACE detection panel for M. pneumoniae
ranged from 21.5–35.6 (Figure 2).
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Seegene PneumoBacter ACE Detection Panel. A complete concordance between the BioFire FilmArray
RP and PneumoBacter ACE detection panel for the detection of M. pneumoniae was observed.

3.2. Discrepant Viral Analytes

Compared with the BioFire FilmArray RP, the only viruses detected by Allplex RP 1, 2,
and 3 were AdV (n = 3), HEV/HRV (n = 25), PIV-1 (n = 3), PIV-2 (n = 3), PIV-3 (n = 1), PIV-4
(n = 4), and RSV-A (n = 1), which are shown in Table 1. In contrast, the only viruses detected
by BioFire FilmArray RP assays over Allplex RP 1, 2, and 3 assays were AdV (n = 5), PIV-1
(n = 1), PIV-3 (n = 2), and RSV-A/RSV-B (n = 1). Compared to HEV/HRV detection by the
BioFire FilmArray RP, the Allplex RP 2 and 3 assays include the differentiation of HEV
and HRV. Among the 64 positive NPS specimens with the Allplex RP 2, 3 assays, 9 HEVs
and 40 HRVs were positive individually, whereas the remaining 15 samples contained both
HEV and HRV analytes (Table 1).

3.3. The Ct Value Comparision

Discrepancies between the number of positive or negative viral analytes were esti-
mated based on Ct values obtained from the Allplex RP 1, 2, and 3 assays. The Ct values
obtained from Allplex RP 1, 2, and 3 assays spanned from 14.7 to 41.4 for AdV, 21.1 to
33.4 for FluA, 22.0 to 40.0 for HEV, 18.8 to 41.3 for HRV, 18.9 to 41.3 for PIV-1, 19.8 to 38.8
for PIV-2, 19.8 to 38.0 for PIV-3, 21.3 to 40.4 for PIV-4, and 17.3 to 40.2 for RSV-A/RSV-B
(Figure 3). When comparing positive viral analytes on Allplex RP 1, 2, and 3 but negative
on the BioFire FilmArray RP assay, most of the negative results corresponded to a low viral
titer, as observed by high Ct values (>30.0). In this study, the Allplex RP 2 and 3 assays
performance showed a higher detection rate for HEV (n = 24) and HRV (n = 55) than the
HEV/HRV (n = 39) by the BioFire FilmArray RP. The 12 NPS specimens tested negative
for HEV/HRV on the BioFire FilmArray RP assay had a Ct value >33.9 for HEV using the
Allplex RP 2. However, among these 12 HEV/HRV-negative samples of the BioFire FilmAr-
ray RP, 5 NPS specimens (no. 1, 120, 140, 160, and 177) were additionally HRV-positive on
the Allplex RP 3 assay. Furthermore, of the 55 HRV-positive NPS specimens on the Allplex
RP 3 assay, 26 were HEV/HRV-negative by the BioFire FilmArray RP assay. Of these, five
NPS specimens (nos. 24, 38, 44, 78, and 88) were had Ct values <30 for HRV using the
Allplex RP 3 assay.
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plex RP but negative on the BioFire FilmArray RP. 

Figure 3. Cycle threshold (Ct) values of viruses detected in NPS specimens by the Allplex RP 1, 2,
3 assays. The Allplex RP assays generate Ct values of respiratory pathogens, which were accepted
as correct and utilized to compare the performance against the BioFire FilmArray RP. The BioFire
FilmArray RP assay does not differentiate between HEV and HRV as well as RSV-A, and RSV-B, and
reports them as a single analyte HEV/HRV and RSV-A/RSV-B, respectively. The NPS specimens
were ordered by ascending Ct values. Blue symbols denote NPS specimens positive on Allplex RP
but negative on the BioFire FilmArray RP.
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4. Discussion

Multiplexed panels that detect nucleic acids of viral or bacterial pathogens in a single
test are being increasingly used for the diagnosis of multiple respiratory infections. How-
ever, such multiplexed panels often come at the expense of analytical performance [16].
This is crucial for the detection of ARIs because the pathogens can be present at low levels
in clinical samples, and their abundance quickly drops over time despite symptoms being
present [16]. This study evaluated the comparative performance of Allplex RP 1, 2, 3,
and BioFire FilmArray RP assays to detect multiple respiratory viruses in clinical NPS
specimens. The non-influenza season was selected for this study because influenza (FluA)
abundance would be misleading for evaluating other respiratory viruses.

The results suggest that the Allplex RP 1, 2, and 3 assays detected a higher number of
NPS specimens (n = 154) positive for respiratory viruses than the BioFire FilmArray RP
assay (n = 98) from the 181 samples tested. It was not possible to compare the performance
of the Allplex RP 1 and 2 against the BioFire FilmArray RP assays for human coronavirus,
FluB, and MPV, as these analytes were not detected in any NPS specimens tested. Fur-
thermore, a small number of FluA, PIV-1, 2, 3, 4, and RSV-A/B-positive NPS specimens
were observed; however, they may not be sufficient for the comparative evaluation of
multiplexed panels. The concordance between the Allplex RP 1 and BioFire FilmArray
RP was 100% for FluA (n = 2). This complete concordance is most likely due to a smaller
number of positive samples (1.1%), and the study period was during the non-influenza epi-
demic (October and November). However, the occurrence of concordant results with more
positive samples could not be completely ruled out. Generally, the presently developed
multiplex assays exhibit comparable performance in terms of sensitivity and specificity.
For example, the previous evaluation of Allplex RP and the BioFire FilmArray RP to detect
common respiratory viruses revealed a discordance of less than 10% [17–19].

The Allplex RP 2 and 3 assays detected 24 HEV and 55 HRV–positive NPS specimens
versus the 39 HEV/HRV by the BioFire FilmArray RP assay. The Allplex RP assay enables
specific identification of HEV and HRV, whereas the BioFire FilmArray RP reports them as
a single HEV/HRV target. It should be noted that we did not use external HEV or HRV
strains to check for specificity and cross-reactivity. However, differentiating HRV and HEV
infections is crucial during outbreaks and epidemiology [20,21]. Discrepancies in HEV and
HRV with HEV/HRV detection among multiplexed panels were analyzed based on the
Ct values generated by Allplex RP 2 and 3, which were accepted as correct. The Ct value
is inversely proportional to the amount of target nucleic acid and thus can be used as a
relative indicator of pathogen load in the NPS specimen. The Allplex RP 2 and 3 assays
generated Ct values for HEV and HRV, which were not detected as single HEV/HRV on
the BioFire FilmArray RP range between 24.7–41.3. For example, five NPS specimens (no.
24, 38, 44, 78, and 88) were found HEV/HRV-negative in the BioFire FilmArray RP assay
with Ct values <30 for HRV on the Allplex RP 3 (Figure 3). This suggests that despite
the low Ct values of HRV in the Allplex RP 3 assay, the BioFire FilmArray RP could not
detect HEV/HRV in the five NPS specimens. We visually checked the Allplex RP assay
results for the Ct value and amplification curve; however, we could not determine the low
amplification curve and positivity for the NPS specimens. Although we did not evaluate
the diagnostic accuracy of Allplex RP for HEV or HRV detection with known strains, results
from a previous study demonstrated that of the six HEV-positive NPS specimens on Allplex
RP 2 assay, five results were confirmed positive by uniplex PCR and sequencing, except for
one sample with a low viral load [22].

For adenovirus, Allplex RP 2 detected 31 NPS specimens versus 34 by the BioFire
FilmArray assay. However, both the Allplex RP and BioFire FilmArray RP manufacturers
did not provide information regarding the adenovirus genotypes. Discrepancies in the
detection of AdV and PIV-2 by the Allplex RP 2 assay and BioFire FilmArray RP assay may
be due to low viral loads. However, discrepancies in the detection of analytes due to low
viral loads have not been confirmed with external controls. Furthermore, differences in
the detection of analytes at higher viral titers (low Ct values) do not predict the sensitivity
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of multiplexed RP panels. For instance, the negative results for PIV-1 to 4 in some NPS
specimens correspond to higher Ct values, suggesting post-infection or just carrier status.
Hence, negative results by the BioFire FilmArray RP or positive results by Allplex RP for
some NPS specimens should not be interpreted as an absence or presence of a viral analyte
in clinical samples. In summary, Allplex RP 1, 2, and 3 showed higher sensitivity than the
BioFire FilmArray RP in detecting the most common viruses associated with a respiratory
infection. The performance of Allplex RP and the BioFire FilmArray RP assays for the
detection of respiratory infections has been assessed in previous studies [13,22–25].

The detection of M. pneumoniae in several NPS specimens during the non-influenza epi-
demic suggests prominent seasonality. A complete concordance for M. pneumoniae (n = 21)
positive results between the BioFire FilmArray RP and PneumoBacter ACE detection panel
was observed. The main limitation of the Allplex RP assay is the absence of M. pneumoniae
target, which was detected in 21 NPS specimens by BioFire FilmArray RP.

The multiplex RP assay has several advantages and disadvantages. The BioFire Fil-
mArray RP, a cartridge-based testing method, can simplify the testing process and result in
a shorter time. Allplex RP 1, 2, and 3 assays could be used for the high-throughput analysis
of NPS specimens for respiratory viruses. Allplex RP assays can provide quantitative
information about multiple viruses by analyzing individual Ct values, whereas the BioFire
FilmArray RP is a qualitative test for the analytes in the NPS specimen. A negative RP
result does not exclude the possibility of respiratory infection, and the negative test results
may be due to the presence of sequence variants (or mutations) in the region targeted by
the assay.

This study has some limitations: first, no quality control for molecular diagnostics
(QCMD) or external viral controls have been tested using both RP assays. Second, in the
case of discrepancies in results between Allplex RP 1, 2, and 3 and the BioFire FilmArray RP
assays with more than two viruses present in one sample, a three-way comparison using a
third-party assay has not been performed to verify the results. Third, no conclusion can be
drawn to determine which of the two RP assays was correct in the case of discrepancies in
positive analytes between the assays. Finally, the potential confounding factors were the
primer sets used to amplify the selected targets by Allplex RP 1, 2, and 3 and the BioFire
FilmArray RP. As this study was not designed to assess the sensitivity and specificity of RP
assays, no conclusions have been drawn.

In summary, our data provide direct evidence that demonstrates differences between
the Allplex RP and the BioFire FilmArray RP to detect respiratory pathogens. We provided
a detailed comparison of the analytical performance of the two multiplexed RP panels and
Ct value-based performance for viral analyte detection.

5. Conclusions

The Allplex RP 1, 2, and 3 assays and the BioFire FilmArray RP assay demonstrated
concordant performance with some differences in the detection of respiratory viruses. In
adenovirus, the BioFire FilmArray RP showed a higher detection rate than Allplex RP
2. However, the Allplex RP 2 and 3 assay showed higher sensitivity than the BioFire
FilmArray RP for the detection of HEV and HRV. At lower viral loads, as observed by
higher Ct values, the detection rate of the BioFire FilmArray RP was lower than that of
the Allplex RP assay in general. The BioFire FilmArray RP assay is easy to perform and
provides rapid detection of respiratory viruses. The main advantage of Allplex RP 1, 2, and
3 assays is the result of Ct values, which could help interpret results, although a standard
measure of Ct value-based viral load may not be possible for the respiratory specimens.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/diagnostics12010009/s1, Table S1. NPS specimens with co-infection of two or more viruses.
The simultaneously detected targets by Allplex RP 1, 2, 3, and BioFire FilmArray RP assay are shown.

Author Contributions: J.-S.K. and E.-K.M. designed the study and supervised the experiments. H.L.
and J.-M.K. performed the experiments and analyzed the data; H.L., Y.C. and M.H. reviewed the

https://www.mdpi.com/article/10.3390/diagnostics12010009/s1
https://www.mdpi.com/article/10.3390/diagnostics12010009/s1


Diagnostics 2022, 12, 9 10 of 11

literature and wrote the manuscript. All authors contributed to editing of the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This study was funded by Seegene Inc., Seoul, Korea. This study was also supported by
Hallym University Research Fund.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of Kangdong Sacred Heart Hospital, Seoul (Approval No. 2019-08-006; Date: 2019-08-23).

Informed Consent Statement: Informed consent was waived because the analysis used anonymized
data.

Data Availability Statement: All data are available within this article.

Conflicts of Interest: The authors declare no conflict of interest. The funder had no role in the design
of the study; collection, analyses, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

References
1. Williams, B.G.; Gouws, E.; Boschi-Pinto, C.; Bryce, J.; Dye, C. Estimates of world-wide distribution of child deaths from acute

respiratory infections. Lancet Infect. Dis. 2002, 2, 25–32. [CrossRef]
2. Denny, F.W. The Clinical Impact of Human Respiratory Virus Infections. Am. J. Respir. Crit. Care Med. 1995, 152, S4–S12.

[CrossRef] [PubMed]
3. Boncristiani, H.F.; Criado, M.F.; Arruda, E. Respiratory Viruses. In Encyclopedia of Microbiology; Elsevier: Amsterdam, The

Netherlands, 2009; pp. 500–518. ISBN 9780123739445.
4. Niederman, M.S.; Krilov, L.R. Acute lower respiratory infections in developing countries. Lancet 2013, 381, 1341–1342. [CrossRef]
5. Li, J.; Mao, N.-Y.; Zhang, C.; Yang, M.-J.; Wang, M.; Xu, W.-B.; Ma, X.-J. The development of a GeXP-based multiplex reverse

transcription-PCR assay for simultaneous detection of sixteen human respiratory virus types/subtypes. BMC Infect. Dis. 2012, 12,
189. [CrossRef] [PubMed]

6. Zhang, N.; Wang, L.; Deng, X.; Liang, R.; Su, M.; He, C.; Hu, L.; Su, Y.; Ren, J.; Yu, F.; et al. Recent advances in the detection of
respiratory virus infection in humans. J. Med. Virol. 2020, 92, 408–417. [CrossRef] [PubMed]

7. Templeton, K.E.; Scheltinga, S.A.; van den Eeden, W.C.J.F.M.; Graffelman, W.A.; van den Broek, P.J.; Claas, E.C.J. Improved
Diagnosis of the Etiology of Community-Acquired Pneumonia with Real-Time Polymerase Chain Reaction. Clin. Infect. Dis. 2005,
41, 345–351. [CrossRef]

8. Scheltinga, S.A.; Templeton, K.E.; Beersma, M.F.C.; Claas, E.C.J. Diagnosis of human metapneumovirus and rhinovirus in patients
with respiratory tract infections by an internally controlled multiplex real-time RNA PCR. J. Clin. Virol. 2005, 33, 306–311.
[CrossRef]

9. Templeton, K.E.; Scheltinga, S.A.; Beersma, M.F.C.; Kroes, A.C.M.; Claas, E.C.J. Rapid and Sensitive Method Using Multiplex
Real-Time PCR for Diagnosis of Infections by Influenza A and Influenza B Viruses, Respiratory Syncytial Virus, and Parainfluenza
Viruses 1, 2, 3, and 4. J. Clin. Microbiol. 2004, 42, 1564–1569. [CrossRef]

10. Huang, H.-S.; Tsai, C.-L.; Chang, J.; Hsu, T.-C.; Lin, S.; Lee, C.-C. Multiplex PCR system for the rapid diagnosis of respiratory
virus infection: Systematic review and meta-analysis. Clin. Microbiol. Infect. 2018, 24, 1055–1063. [CrossRef]

11. Mahony, J.B. Detection of Respiratory Viruses by Molecular Methods. Clin. Microbiol. Rev. 2008, 21, 716–747. [CrossRef]
12. Lee, J.; Lee, H.S.; Cho, Y.G.; Choi, S.I.; Kim, D.S. Evaluation of Allplex Respiratory Panel 1/2/3 Multiplex Real-Time PCR Assays

for the Detection of Respiratory Viruses with Influenza A Virus subtyping. Ann. Lab. Med. 2018, 38, 46–50. [CrossRef]
13. Leber, A.L.; Everhart, K.; Daly, J.A.; Hopper, A.; Harrington, A.; Schreckenberger, P.; McKinley, K.; Jones, M.; Holmberg,

K.; Kensinger, B. Multicenter Evaluation of BioFire FilmArray Respiratory Panel 2 for Detection of Viruses and Bacteria in
Nasopharyngeal Swab Samples. J. Clin. Microbiol. 2018, 56, 1–11. [CrossRef] [PubMed]

14. Chan, M.; Koo, S.H.; Jiang, B.; Lim, P.Q.; Tan, T.Y. Comparison of the Biofire FilmArray Respiratory Panel, Seegene AnyplexII
RV16, and Argene for the detection of respiratory viruses. J. Clin. Virol. 2018, 106, 13–17. [CrossRef]

15. Lee, Y.-J.; Kim, D.; Lee, K.; Chun, J.-Y. Single-channel multiplexing without melting curve analysis in real-time PCR. Sci. Rep.
2015, 4, 7439. [CrossRef] [PubMed]

16. van der Zee, A.; Schellekens, J.F.P.; Mooi, F.R. Laboratory Diagnosis of Pertussis. Clin. Microbiol. Rev. 2015, 28, 1005–1026.
[CrossRef]

17. Lee, J.; Lee, J. Performance Evaluation of Allplex Respiratory Panels 1, 2, and 3 for the Detection of Respiratory Viral Infection.
Clin. Lab. 2019, 65, 147–151. [CrossRef] [PubMed]

18. Gimferrer, L.; Andrés, C.; Rando, A.; Piñana, M.; Codina, M.G.; del Martin, M.C.; Fuentes, F.; Rubio, S.; Alcubilla, P.; Pumarola, T.;
et al. Evaluation of Seegene Allplex Respiratory Panel 1 kit for the detection of influenza virus and human respiratory syncytial
virus. J. Clin. Virol. 2018, 105, 31–34. [CrossRef]

19. BioNumerics BIOFIRE®Respiratory 2.1 Plus Panel—Clinical Diagnostics Products|bioMérieux Clinical Diagnostics. Available
online: https://www.biomerieux-diagnostics.com/filmarrayr-respiratory-panel (accessed on 6 December 2021).

http://doi.org/10.1016/S1473-3099(01)00170-0
http://doi.org/10.1164/ajrccm/152.4_Pt_2.S4
http://www.ncbi.nlm.nih.gov/pubmed/7551411
http://doi.org/10.1016/S0140-6736(12)62178-3
http://doi.org/10.1186/1471-2334-12-189
http://www.ncbi.nlm.nih.gov/pubmed/22891685
http://doi.org/10.1002/jmv.25674
http://www.ncbi.nlm.nih.gov/pubmed/31944312
http://doi.org/10.1086/431588
http://doi.org/10.1016/j.jcv.2004.08.021
http://doi.org/10.1128/JCM.42.4.1564-1569.2004
http://doi.org/10.1016/j.cmi.2017.11.018
http://doi.org/10.1128/CMR.00037-07
http://doi.org/10.3343/alm.2018.38.1.46
http://doi.org/10.1128/JCM.01945-17
http://www.ncbi.nlm.nih.gov/pubmed/29593057
http://doi.org/10.1016/j.jcv.2018.07.002
http://doi.org/10.1038/srep07439
http://www.ncbi.nlm.nih.gov/pubmed/25501038
http://doi.org/10.1128/CMR.00031-15
http://doi.org/10.7754/Clin.Lab.2018.180730
http://www.ncbi.nlm.nih.gov/pubmed/30775899
http://doi.org/10.1016/j.jcv.2018.05.006
https://www.biomerieux-diagnostics.com/filmarrayr-respiratory-panel


Diagnostics 2022, 12, 9 11 of 11

20. McAllister, S.C.; Schleiss, M.R.; Arbefeville, S.; Steiner, M.E.; Hanson, R.S.; Pollock, C.; Ferrieri, P. Epidemic 2014 Enterovirus D68
Cross-Reacts with Human Rhinovirus on a Respiratory Molecular Diagnostic Platform. PLoS ONE 2015, 10, e0118529. [CrossRef]
[PubMed]

21. Shibib, D.R.; Matushek, S.M.; Beavis, K.G.; Gawel, S.H.; Charnot-Katsikas, A. BioFire FilmArray Respiratory Panel for Detection
of Enterovirus D68. J. Clin. Microbiol. 2016, 54, 457–459. [CrossRef] [PubMed]

22. Huh, H.J.; Kim, J.-Y.; Kwon, H.J.; Yun, S.A.; Lee, M.-K.; Lee, N.Y.; Kim, J.-W.; Ki, C.-S. Performance Evaluation of Allplex
Respiratory Panels 1, 2, and 3 for Detection of Respiratory Viruses and Influenza A Virus Subtypes. J. Clin. Microbiol. 2017, 55,
479–484. [CrossRef]

23. Wabe, N.; Lindeman, R.; Post, J.J.; Rawlinson, W.; Miao, M.; Westbrook, J.I.; Georgiou, A. Cepheid Xpert® Flu/RSV and Seegene
Allplex TM RP1 show high diagnostic agreement for the detection of influenza A/B and respiratory syncytial viruses in clinical
practice. Influenza Other Respi. Viruses 2021, 15, 245–253. [CrossRef] [PubMed]

24. Webber, D.M.; Wallace, M.A.; Burnham, C.A.D.; Anderson, N.W. Evaluation of the biofire filmarray pneumonia panel for
detection of viral and bacterial pathogens in lower respiratory tract specimens in the setting of a tertiary care academic medical
center. J. Clin. Microbiol. 2020, 58, e00343-20. [CrossRef] [PubMed]

25. Leber, A.L.; Lisby, J.G.; Hansen, G.; Relich, R.F.; Schneider, U.V.; Granato, P.; Young, S.; Pareja, J.; Hannet, I. Multicenter Evaluation
of the QIAstat-Dx Respiratory Panel for Detection of Viruses and Bacteria in Nasopharyngeal Swab Specimens. J. Clin. Microbiol.
2020, 58, e00155-20. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0118529
http://www.ncbi.nlm.nih.gov/pubmed/25799541
http://doi.org/10.1128/JCM.02339-15
http://www.ncbi.nlm.nih.gov/pubmed/26607982
http://doi.org/10.1128/JCM.02045-16
http://doi.org/10.1111/irv.12799
http://www.ncbi.nlm.nih.gov/pubmed/32815622
http://doi.org/10.1128/JCM.00343-20
http://www.ncbi.nlm.nih.gov/pubmed/32321782
http://doi.org/10.1128/JCM.00155-20
http://www.ncbi.nlm.nih.gov/pubmed/32132186

	Introduction 
	Materials and Methods 
	Clinical Specimens and Study Design 
	Allplex Respiratory Pathogens (RP) 1, 2, 3 Testing 
	BioFire FilmArray RP Testing 

	Results 
	Comparative Evaluation of Multiplexed Panels 
	Detection of Respiratory Viruses 
	Detection of Mycoplasma Pneumoniae 

	Discrepant Viral Analytes 
	The Ct Value Comparision 

	Discussion 
	Conclusions 
	References

