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ABSTRACT

Since the Coronavirus 19 (COVID-19) pandemic, several SARS-CoV-2 variants of concern (SARS-CoV-2 VOC)
have been reported. The B.1.1.7 variant has been associated with increased mortality and transmission
risk. Furthermore, cluster and possible co-infection cases could occur in the next influenza season or
COVID-19 pandemic wave, warranting efficient diagnosis and treatment decision making. Here, we aimed
to detect SARS-CoV-2 and other common respiratory viruses using multiplex RT-PCR developed on the
LabTurbo AIO 48 open system. We performed a multicenter study to evaluate the performance and
analytical sensitivity of the LabTurbo AIO 48 system for SARS-CoV-2, influenza A/B, and respiratory
syncytial virus (RSV) using 652 nasopharyngeal swab clinical samples from patients. The LabTurbo AIO 48
system demonstrated a sensitivity of 9.4 copies/per PCR for N2 of SARS-CoV-2; 24 copies/per PCR for M of
influenza A and B; and 24 copies/per PCR for N of RSV. The assay presented consistent performance in the
multicenter study. The multiplex RT-PCR applied on the LabTurbo AIO 48 open platform provided highly
sensitive, robust, and accurate results and enabled high-throughput detection of B.1.1.7, influenza A/B,
and RSV with short turnaround times. Therefore, this automated molecular diagnostic assay could enable
streamlined testing if COVID-19 becomes a seasonal disease.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative agent of coronavirus
disease 2019 (COVID-19), has spread worldwide, with
over 180 million confirmed cases of infection
(https://covid19.who.int/ accessed: 2021/07/06). The
B.1.1.7 variant is estimated to have emerged in
September 2020 and has quickly become the dominant
circulating SARS-CoV-2 variant in England [1, 2].
Taiwan faced the third outbreak of COVID-19 just
before the third week of April and is still ongoing.
This third outbreak involved the alpha variant
(B.1.1.7) [3, 4].

Currently, real-time reverse transcription-polymerase
chain reaction (rRT-PCR) is the gold standard assay for
early diagnosis in patients with suspected SARS-CoV-2
infection [5-7]. However, some studies have showed
that targeting a particular detection region might result
in the loss of sensitivity for various SARS-CoV-2
variants [8]. In addition, it is sometimes difficult to
distinguish COVID-19 from other respiratory illnesses
caused by other respiratory viruses because of common
clinical manifestations including fever, cough, and
dyspnea [9-12]. Consequently, SARS-CoV-2 and other
upper respiratory viruses, including influenza virus and
respiratory syncytial virus (RSV), have to be
concurrently tested by rRT-PCR in symptomatic
patients.

Several commercial kits support the rapid detection of
multiple pathogens, including SARS-CoV-2, influenza
A/B, and other respiratory pathogens [13]. However,
these Kkits were not affordable cost and could not offer
high throughput during the COVID-19 pandemic in
developed countries. In addition, in light of the high
demand for nucleic acid-amplification tests, continuing
shortage of supplies, and high sensitivity of molecular
diagnostics, there is a need for one multiplex assay to
simultaneously screen all four viruses (SARS-CoV-2,
influenza A, B, and RSV) with the same reaction [14].

In this study, we developed a sample-to-result platform
that fully automated laboratory-developed multiplex
RT-PCR assay to simultaneously detect SARS-CoV-2,
influenza A/B, and RSV in one tube on the LabTurbo
AIlO 48 system.

RESULTS
Epidemiological features
We retrieved the clinical dataset of 102 patients infected

by the SARS-CoV-2 B.1.1.7 variant. We analyzed RNA
extracted from positive specimens using VirSNiP

SARS-CoV-2 Spike N501Y and Spike del H69/V70
(TIB Molbiol, Berlin, Germany) to confirm the variant
type. All data of all patients were reported between May
1 and July 4, 2021. We analyzed age distribution of the
SARS-CoV-2 (B.1.1.7)-positive patients in our dataset
(Table 1) and found that the youngest and oldest non-
survivors died at 43 and 91 years of age, respectively.
Elderly patients >70 years accounted for only 59% of
the 22 survivors. Our sex analysis showed that COVID-
19-related deaths were more among elderly males (50%,
total 14) than among younger males (15%, total 40).
Female patients showed a similar proportion of non-
survivors, with mortality of 30.0% in elderly females
and 5.3% in younger females (Table 2).

Analytical sensitivity of the one multiplex rRT-PCR
on the LabTurbo AIO 48 open platform

To validate the sensitivity of the designed multiplex, we
tested all these pathogens (SARS-CoV-2, influenza A
virus (subtypes H1, HIN1, and H3), influenza B virus,
and RSV (subtypes A and B)) in one multiplex RT-PCR
on the AlO48 open system. We tested several dilutions
to determine the LoD by repeating the experiments 20
times. We defined limit of detection (LoD) as the
minimum concentration with a positive detection rate of
95%. The LoD for each target was 9.4 copies/PCR
reaction for the N2 gene of SARS-CoV-2; the LoD for
influenza A/B virus (M gene) and RSV (N gene)
reached 24 copies/PCR (Table 3). A mixed RNA
sample was also tested using the same protocol. The
LoD was the same as the above (Supplementary Table 1).
Additionally, there was no cross-reaction among the
respiratory pathogens.

Analytical specificity of the one multiplex rRT-PCR
on the LabTurbo AIO 48 platform

We tested the analytical specificity of the lab-developed
multiplex PCR test performed on the LabTurbo AlO 48
system for upper respiratory viruses other than SARS-
CoV-2, influenza A/B virus, and RSV. Clinical samples
or cell supernatants positive for rhinovirus/enterovirus,
parainfluenza virus, cytomegalovirus, herpes simplex
virus, varicella-zoster virus, and adenovirus were
obtained from the Taiwan CDC Viral Infection Contract
Laboratory. There was no cross-reactivity among these
organisms (Table 4).

Clinical performance of the multiplex rRT-PCR on
the LabTurbo AlO 48 system platform

We analyzed 652 retrospective specimens in this study:
102 from SARS-CoV-2-positive patients and 550 from
SARS-CoV-2-negative patients. The N2 gene from the
multiplex rRT-PCR mixture and RdRp and E genes
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Table 1. Clinical features of COVID-19 patients with the symptoms and clinical outcomes.

Characteristics SAEFI;Sl_Cl:O?\)/_Z
Total number 102
Gender
Male 54
Female 48
Age
<19 2
20-49 8
50-69 47
>70 25
Mean 62.6
Medium 64
Symptoms
Fever 76
Cough 83
Difficulty breathing 30
Burnout 7
Diarrhea 17
Clinical outcome
Survivors 84
Non-survivors 18

recommended by the WHO guidelines were compared
for all positive specimens. Figure 1 shows a high
correlation between the N2 and Rdrp genes (R?= 0.95).
Similar results were obtained for the N2 and E genes
(R?=0.95). There was no apparent difference between
those targets and no false positive nor negative result
between those positive samples. Among the positive
specimens, 102 specimens from SARS-CoV-2-positive
patients were tested at two medical centers (Tri-Service
General Hospital (TSGH) and Cathay General Hospital
(CGH)) independently, followed by the same multiplex
on the LabTurbo AIO platform. Those selected 102
samples with the Ct level that satisfied the range for
high to low SARS-CoV-2 loads. Figure 2 shows our
assay targeting the N2 gene of SARS-CoV-2 without a
significant difference in the results between the two
medical centers. Furthermore, there were no false-
positives or false-negatives among these specimens.
The results of the two centers presented 100%
agreement with each other.

Results of co-infection of SARS-CoV-2 and other
respiratory pathogens

We analyzed 652 specimens tested for SARS-CoV-2 and
other respiratory pathogens using our multiplex rRT-PCR
on the AIO LabTurbo open platform. The 102 SARS-
CoV-2-positive specimens were found to be positive for

SARS-CoV-2, whereas none was found to be positive for
one or more non-SARS-CoV-2 pathogen(s). Among the
tested specimens, influenza A virus was the most
commonly detected pathogen (n = 19), followed by
influenza B virus (n = 5) and RSV (n = 10). This finding
highlighted the importance of differentiating other causes
of respiratory illness from SARS-CoV-2.

DISCUSSION

The SARS-CoV-2 B.1.1.7 variant of concern (VOC),
which was first detected in South-East England, is more
transmissible than previously circulating variants [15].
Currently, it accounts for 50-90% of the COVID-19 cases
in the US and Europe and spreading over 170 countries
[16]. During the COVID-19 pandemic, SARS-CoV-2
B.1.1.7 has been associated with increased secondary
attack rate [17], and risk of hospitalization, severity, and
mortality [18, 19]. In the present study, we used specimens
from 102 individuals with COVID-19 between May 2021
and July 2021. Non-Survivors comprised 50% of the total
elder males (>70 years old) and 30% of the total elderly
females. Currently, Taiwan is facing the third wave of
SARS-CoV-2 B.1.1.7 infection.

Our multiplex RT-PCR assay on the LabTurbo AIO 48
open platform showed good performance. COVID-19
symptoms are similar to flu-like symptoms. The flu-like
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symptoms include fever, chills, headache, muscle or which accounted for 30% of viral co-infections [21].

body aches, cough, sore throat, runny nose, fatigue, Recently, several companies have developed
nausea, vomiting, and diarrhea, and they are caused by commercial Kits to detect SARS-CoV-2, influenza virus,
different respiratory tract pathogens. The major and/or RSV, such as Liat SARS-CoV-2 and Influenza
respiratory tract pathogens include influenza A and B, A/B (Roche Molecular Systems, Inc., Pleasanton, CA,
RSV, adenovirus, enterovirus, human USA), Cepheid Xpert Xpress SARS-CoV-2/FIU/RSV
metapneumovirus, parainfluenza virus, adenovirus, (Cepheid, Sunnyvale, CA, USA), and BioFire
rhinovirus, and human coronavirus. Hence, the Respiratory Panel 2.1 (RP2.1; BioFire Diagnostics,
pathogens causing these symptoms will be difficult to LLC, Salt Lake City, UT, USA). However, these
distinguish in the next flu season [20]. The death rate molecular diagnostic tests rely on specific platforms
associated with different viruses varies worldwide. The with specific reagent requirements. That turnaround
death rate of patients infected with influenza virus could time of these commercial kit is approximately 25-45
reach 250,000-500,000 individuals worldwide. RSV is min for one sample. The turnaround time increases with
associated with an estimated 132,000-172,000 pediatric the number of specimens. For example, in BioFire
hospitalizations in the United States annually. Since Respiratory Panel 2.1, 48 specimens can be tested in
2020, SARS-CoV-2 infection has resulted in over four 36 h with one machine. The capacity of the multiplex
million deaths. In addition, 3% of patients with COVID- RT-PCR assay that we developed could reach
19 are co-infected by other respiratory tract viruses. approximately 2 h for 48 samples. It will decrease the
Influenza A virus and RSV were the top two pathogens, TAT by three-fold for 48 samples. Thus, our assay is a
The correlation of N2 gene and E gene The correlation of N2 gene and Rdrp gene
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Figure 1. The correlation between N2, E and Rdrp gene of 102 SARS-CoV-2 positive specimens.
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Figure 2. The clinical performance of multiplex RT-PCR in SARS-CoV-2 positive specimens between the two medical centers.
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Table 2. Basic information of 102 SARS-CoV-2 (B.1.1.7) patients in our study.

Age Survivors Non-Survivors
Male
Younger (<70) 34 (85.0%) 6 (15.0%)
Elder (>70) 7 (50.0%) 7 (50.0%)
Female
Younger (<70) 36 (94.7%) 2 (5.3%)
Elder (>70) 7 (70.0%) 3 (30.0%)
Total 84 18

Table 3. Assessment of Limit of detection for SARS-CoV-2, influenza A/B, RSV in multiplex RT-PCR.

Gene No. of replicates detected at each dilution/total no. of replicates
Pathogen target/fluorescent at indicated no. of copies per PCR (percentage)

dye 300 75 24 18.8 9.4
SARS-CoV-2 N2/FAM 20/20 (100)  20/20 (100) 20/20 (100) 20/20 (100) 19/20 (95)
Influenza A H1 M/VIC 20/20 (100)  20/20 (100) 20/20 (100) 16/20 (80) N.D.
Influenza A H3 20/20 (100)  20/20 (100) 20/20 (100) 9/20 (45) N.D.
Influenza A HIN1 20/20 (100)  20/20 (100) 20/20 (100) 16/20 (80) N.D.
Influenza B M/Cy5 20/20 (100)  20/20 (100) 20/20 (100) 10/20 (50) N.D.
RSV subtype A N/Cy5.5 20/20 (100)  20/20 (100) 20/20 (100) 12/20 (60) N.D.
RSV subtype B 20/20 (100)  20/20 (100) 20/20 (100) 8/20 (40) N.D.

N.D. is not detected.

Table 4. The cross-reactivity tests of multiple RT-PCR from clinical samples or cell supernatants.

Gene targets of multiple rRT-PCR

Pathogen (positive no./total test no.) Final performance
N2 gene M gene N gene
Parainfluenza virus 0/3 0/3 0/3 N.D.
Rhinovirus/Enterovirus 0/2 0/2 0/2 N.D.
Varicella-Zoster Virus 0/5 0/5 0/5 N.D.
Cytomegalovirus 0/5 0/5 0/5 N.D.
Herpes simplex virus typel type 1 0/5 0/5 0/5 N.D.
Adenovirus 0/5 0/5 0/5 N.D.

N.D. is not detected.

valuable tool with a better efficacy and turnaround time
for the simultaneous detection of SARS-CoV-2,
influenza A virus, influenza B virus, and RSV than
commercial kits. Our study provides a perspective to
decide which molecular diagnostic test to implement in
clinical laboratories. Our assay could accurately identify
SARS-CoV-2 and other common respiratory viral
infections. Simultaneous testing of all four pathogens
shortens the turnaround time and could thus increase the
effectiveness of control and prevention measures by
health providers and departments. Infections with
common respiratory viruses are associated with similar
symptoms that are not easy to distinguish from each

other. Furthermore, in patients with COVID-19, a
pooled proportion meta-analysis has shown that 3% of
patients were co-infected with other viruses [21].
Hence, in the next flu season, the multiplex RT-PCR
might be a valuable tool to distinguish pathogens.

To diagnose RNA virus infections, RT-PCR is the
most common method owing to its accuracy and
popularity [22]. Currently, numerous primers have
been designed to target various RNA sequences in six
genes of SARS-CoV-2 for diagnostic purposes,
including ORFla/b, RdRp (RNA-dependent RNA
polymerase), S (spike protein), E (envelope), and
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N1/N2/N3  (nucleocapsid). Among these, the
nucleocapsid N2 and envelope E genes can be most
sensitively detected, as described previously [23].
Here, we targeted the N2 gene of SARS-CoV-2 and
demonstrated that the performance of our method in
detecting the N2 gene was as good as that for
detecting the E and RdRp genes, which are targeted
by the WHO protocol. There was no apparent
difference between the two targets and there is no
false positive nor negative result between those
positive samples. Hence, this multiplex could afford a
good performance in preventing the spread of
COVID-19.

However, our study has some limitations. First, the
number of positive cases was small, as the number of
initially confirmed COVID-19 cases in Taiwan was
approximately 1,000. Thus, studies with a higher
number of positive cases are required in the future.
Furthermore, to assess the clinical performance of the
LabTurbo AIO 48 system in detecting common upper
respiratory viral pathogens, including SARS-CoV-2, we
enrolled two medical centers. Our concern regarding
this approach was whether the initial challenges
encountered during the management of patients with
COVID-19 potentially decreased the number of requests
for virus culture tests to rule out other infections.
Nevertheless, we used different instruments from the
two medical centers to verify the same specimen, with
consistent results. Second, this multiplex reagent just
provides one N2 gene for SARS-CoV-2. This was a
screen test for pathogens infecting the upper respiratory
tract. According to the Taiwan Centers for Disease
Control guideline, we should retest the positive
specimen in other genes. Hence, we suggest the
specimens should be confirmed by other genes (for
example, E, Rdrp, N1, N3, and ORF1ab). Furthermore,
at US CDC, the N2 gene was the confirmed target for
the SARS-CoV-2 positive specimens.

Despite these limitations, there are several advantages
of using our LDT multiplex RT-PCR assay to detect
both SAR-CoV-2 and other upper respiratory
pathogens. We used the LabTurbo AIO 48 system as a
sample-to-result open platform, that is, from RNA
extraction to nucleic acid amplification. The LabTurbo
AIO system was combined with RNA extraction and
RT-PCR thermocyclers. This could improve the
robustness of extracted RNA to prepared master mix
containing the desired primer and probe. Hence, the
multiplex rRT-PCR we developed in this study could be
applicable in other real-time PCR thermocyclers. We
believe that this assay might be applies to other real-
time PCR machines or sample-to-result platforms with
open channels or open systems. Additionally, the
multiplex PCR assay described here might serve as an

alternative tool in clinical diagnostic laboratories for
routine SARS-CoV-2 and influenza virus detection in
the future when SARS-CoV-2 might gradually evolve
into an endemic flu-like virus. Moreover, using the
same reaction to detect SARS-CoV-2, influenza A/B
virus, and RSV might help overcome the problem of
shortage of supplies for nucleic acid extraction and PCR
diagnostic reagents/equipment during the current
COVID-19 pandemic.

METHODS
Specimen collection

Clinical upper respiratory samples were collected from
May 1 to July 4, 2021. The retrospective specimens
contained 102 SARS-CoV-2 positive and 550 negative
samples, which were also confirmed using the WHO
protocol described previously [24]. The E and Rdrp
genes were confirmed in all positive samples by the
central laboratory of the Taiwan Centers for Disease
Control and Prevention, as reference data. This study
was registered on March 20, 2021 and approved by the
TSGH Institutional Review Board (approval number:
C202005041). We tested all 652 nasopharyngeal swab
specimens collected from patients suspected of having
COVID-19, using LIBO Specimen Collection and
Transport Swab Kits with Universal Transport Medium
(New Taipei City, Taiwan). Influenza A and B- and
RSV-positive specimens were confirmed using the
BioFire® respiratory panel 2.1 (RP2.1) assay. The same
specimens were detected by two clinical laboratories:
TSGH (Taipei City, Taiwan) and CGH (Taipei City)
using the same protocol and platform.

Assessment using the multiplex assay on the
LabTurbo AIO 48 open system

In this study, we designed a multiplex PCR test that was
performed on the LabTurbo AIO 48 system using
specific primers and probes to simultaneously detect
SARS-CoV-2, influenza A/B virus, and RSV in a well.
The total viral nucleic acid was extracted from each
swab in a universal viral transport medium (500 L) to
a final eluate volume of 60 pL using the LabTurbo
Virus Mini Kit (Cat. No. LVN48-300) and an
automated LabTurbo AIO open system. The Luna®
Probe One-Step RT-gPCR Kit (No ROX, New England
Biolabs), comprising reverse transcriptase and 2x PCR
master mix, was used according to the RNA testing kit
instructions. For analysis on the LabTurbo AIO open
system, each 25-uL reaction mixture contained 12.5 pL
of 2x PCR master mix, 4 pL of primer/probe mixture,
1.25 pL of reverse transcriptase, 1.25 pL. of RNase-free
water, and 6 pL of extracted RNA. SARS-CoV-2,
influenza A/B virus, and RSV were detected using the
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following thermal cycling conditions: 50°C for 10 min,
95°C for 2 min, and 45 cycles at 95°C for 10 s, 55°C for
25 s, and 64°C for 32 s. Here, we detected the N2 gene
in the SARS-CoV-2 genome, M gene in influenza A/B
virus, N gene in RSV, and human ribonuclease P gene
(RP) [25], which was also included as an internal
control (Supplementary Table 2).

Assessment of analytical sensitivity

To validate the sensitivity of the designed multiplex
assay, we tested all these pathogens (SARS-CoV-2,
influenza A (subtypes H1, HIN1, and H3), influenza B,
and RSV (subtypes A and B)) in one multiplex RT-PCR
on the AlO48 open system. RNA controls (Vircell,
Granada, Spain) of known concentrations were used to
prepare several dilutions to determine the LoD by
repeating the experiments 20 times. We defined limit of
detection (LoD) as the minimum concentration with a
positive detection rate of 95%. The analytical sensitivity
of the LabTurbo AIO 48 tests was defined as the lowest
dilution at which all replicates were identified as
positive (C; < 35) for SARS-CoV-2.

Evaluation of specificity

The specificity of multiplex master mix on the
LabTurbo AIO platform was evaluated using viral
cultures from the Taiwan CDC Viral Infection Contract
Laboratory. We tested some common respiratory
viruses (such as parainfluenza virus and enterovirus) to
ensure that the master mix designed in this study could
distinguish the virus of interest.

Comparison of the performance using clinical
specimens

To validate the performance of the multiple PCR assay
designed in this study to detect SARS-CoV-2 (N2
gene), all specimens were subjected to rRT-PCR again
for the E and Rdrp genes, per the WHO panel. The
original samples were confirmed those genes as the
reference genes in TSGH. The same specimens were
detected by two medical centers: TSGH and CGH using
the same protocol on the LabTurbo AIO48 open
platform. The C; value of <35 was defined as a positive
result for the pathogen. Each sample had an internal
control (Rnase P gene). The external control comprised
RNA spike-in mix as the positive control and H.O as
the negative control.

Whole-genome sequencing of SARS-CoV-2
Ovation RNA-Seq System V2 (Nugen Technologies,

San Carlos, CA, USA) was used to synthesize cDNA,
which was then processed into a library as described

previously [26]. WGS was performed as described
previously [27]. Briefly, whole-genome sequences of
the SARS-CoV-2 isolates (TSGH-42 and TSGH-43)
were obtained following the protocol of the Illumina
TruSeq Stranded mRNA Library Prep Kit to enrich
SARS-CoV-2 cDNA using multiplex RT-PCR
amplicons. Next-generation sequencing was performed
on the NovaSeq 6000 platform (lllumina, San Diego,
CA, USA). Paired-end read assemblies of the whole
virus genome sequence were formed using SPAdes
assembler with SARS-CoV-2 isolate Wuhan-Hu-1,
complete genome (NC_045512.2) to run the genome-
guide assembly pipeline.

Phylogenetic relationship analysis

To identify pathogen evolution relationships, assembly
sequences were uploaded to the Nextclade website
(https://clades.nextstrain.org/) developed by Nextstrain
[28]. TSGH sequences were aligned to the reference
sequences of major clades of SARS-CoV (201) grouped
using Nextstrain and phylogenetic tree annotated with
these alignment definitions, using lists of grouped
clade-defining mutations via Augur workflow [29]
supported by Nextclade. The results are shown in
Supplementary Figure 1.

Classification of SARS-CoV-2 variant from positive
specimen

To identify the variant type of SARS-CoV-2-positive
specimens, we used the commercial kit developed by
TIB Molbiol (Berlin, Germany). This kit can be used to
rapidly detect SARS-CoV-2 VOC using extracted RNA
with VirSNiP SARS-CoV-2 Spike N501Y and Spike del
H69/V70. It was used to detect the mutations of SARS-
CoV-2 using real-time RT-PCR post-melting curve
analysis on LightCycler 480 (Roche Molecular Systems,
Inc.) according to the manufacturer’s instructions. The
results were read following the manufacturer’s
instructions. The results were consistent with those of
the rapid detection of SARS-CoV-2 variant.
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Supplementary Figure 1. The clade of SARS-CoV-2 (TSGH42 and TSGH43) collected form retrospective positive specimens in
this study. The clade belongs to SARS-CoV-2 B.1.1.7 variant (20I).
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Supplementary Tables

Supplementary Table 1. Assessment of Limit of detection for mixed pathogens of respiratory tract virus in
multiplex RT-PCR.

SARS-CoV-2 RNA copies per PCR
(No. of replicates detected at each dilution/total no. of replicates

Mixed pathogen lica i
at indicated no. of copies per PCR (percentage))

(RNA copies per PCR)

300 75 24 18.8 9.4 3.8 1.9
Influenza A H1 (300) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  11/20(55)  0/20 (0)
Influenza A H1 (24) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  12/20(60)  0/20 (0)
Influenza A H3 (300) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20(95)  12/20 (60)  0/20 (0)
Influenza A H3 (24) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  10/20 (50)  0/20 (0)
Influenza A HINL(300)  20/20 (100) ~ 20/20 (100)  20/20 (100)  20/20 (100)  19/20(95)  12/20(60)  0/20 (0)
Influenza A HIN1(24)  20/20 (100) ~ 20/20 (100)  20/20 (100)  20/20 (100)  19/20(95)  11/20 (55)  0/20 (0)
Influenza B (300) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  10/20 (50)  0/20 (0)
Influenza B (24) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  12/20(60)  0/20 (0)
RSV subtype A (300) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  11/20(55)  0/20 (0)
RSV subtype A (24) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  12/20(60)  0/20 (0)
RSV subtype B (300) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  11/20(55)  0/20 (0)
RSV subtype B (24) 20/20 (100)  20/20 (100)  20/20 (100)  20/20 (100)  19/20 (95)  12/20(60)  0/20 (0)

Supplementary Table 2. Primers and probe used in this study.

Primer name Description Primer sequence (5'—3") References
2019-nCov_N2-F  2019-nCoV-forward sequence TTACAAACATTGGCCGCAAA [25]
2019-nCov_N2-R  2019-nCoV reverse sequence GCGCGACATTCCGAAGAA [25]
2019-nCov_N2-P  2019-nCoV probe FAM-ACAATTTGCCCCCAGCGCTTCAG-BHQ-1 [25]
InfA-F Influenza A virus forward sequence CCMAGGTCGAAACGTAYGTTCTCTCTATC [14]
InfA-R Influenza A virus reverse sequence TGACAGRATYGGTCTTGTCTTTAGCCAYTCCA [14]
InfA-P Influenza A virus probe VIC-ATYTCGGCTTTGAGGGGGCCTG-BBQ [14]
InfB-F Influenza B virus forward sequence GAGACACAATTGCCTACTTGCTT [14]
InfB-R Influenza B virus reverse sequence TTCTTTCCCACCAAACCAAC [14]
InfB-P Influenza B virus probe Cy5-AGAAGATGGAGAAGGCAAAGCAGAACTAGC-BBQ [14]
RSV-N-F Respiratory syncytial virus forward sequence  CTGTCATCCAGCAAATACAC [14]
RSV-N-R Respiratory syncytial virus reverse sequence ~ GCATATAACATACCTATTAAYCC [14]
RSV-N-P Respiratory syncytial virus probe Texas red—ACAGGAGATARTATTGAYACTCCYAAT-BBQ [14]
RP-F RNase P forward sequence AGA TTT GGA CCT GCG AGC G [25]
RP-R RNase P reverse sequence GAG CGG CTG TCT CCACAAGT [25]
RP-P RNase P probe Cy5.5-TTC TGA CCT GAA GGC TCT GCG CG-BBQ [25]
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