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Background: The use of the multiplex polymerase chain reaction (PCR) technique for respiratory viruses has become popular in Korea owing to
its convenience and sensitivity. However, concerns remain with regard to possible interference due to multiplexing.
Methods: We compared the analytical sensitivity and virus interference of a commercially available, multiplex PCR kit (AdvanSure Respiratory virus real-time PCR kit, LG Life Sciences, Korea) with that of singleplex PCR to detect 11 viruses including coronavirus 229E and OC43; parainfluenza
virus 1 (PIV 1), parainfluenza virus 2 (PIV 2), and parainfluenza virus 3 (PIV 3); influenza virus A (INF A) and influenza virus B (INF B); respiratory
syncytial virus A (RSV A) and respiratory syncytial virus B (RSV B); adenovirus; and rhinovirus A, B, and C.
Results: The lowest detected viral concentrations of coronavirus 229E and OC43, INF A and B, RSV A and B, adenovirus, and rhinovirus A, B, and
C were the same for both, multiplex and singleplex systems. However, the lowest detected viral concentrations of PIV1, 2, and 3 differed by 1 dilution factor between the two systems. Threshold cycle (Ct) values for mixed viruses within the same well were not significantly influenced by each
other, where the difference between Ct values ranged from 0.24 to 1.99.
Conclusions: Analytical sensitivity of multiplex PCR was comparable to that of singleplex PCR for respiratory viruses. No significant interference
was observed with mixed virus samples using multiplexed PCR.
Key Words: Multiplex PCR, Respiratory virus, Performance evaluation, Interference

INTRODUCTION

ally [2]. Respiratory infections can be caused by any of the 26 respiratory viruses currently known [2, 3]. Several children with re-
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spiratory illnesses are diagnosed with viral co-infections with at
least 5 concomitant respiratory virus species [3].
Conventional detection methods for respiratory virus infection
include virus culture, antigen detection, and serology, which are
time-consuming, labor-intensive, and with low sensitivity [4]. These
methods yield an overall virus detection rate of < 40% in children
with lower respiratory illnesses (acute wheezing/asthma and pneumonia) [3].
Various nucleic acid-based amplification technologies have
been used to detect respiratory viruses, such as polymerase chain
reaction (PCR), nucleic acid sequence-based amplification, transcription-mediated amplification, strand displacement amplification, loop-mediated isothermal amplification, rolling circle amplification, helicase-dependent amplification, and multiplex ligation-
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MATERIALS AND METHODS

dependent probe amplification [4]. Among these, PCR has emerged
as the most convenient technology for multiplexing a large number of targets [4]. Molecular methods currently detect one or more

1. Respiratory Viruses Reference Strains

respiratory viruses in up to 95% of children with bronchiolitis,

Commercially available reference strains of 11 respiratory vi-

acute wheezing, or asthma, and in up to 72% of children with

ruses were purchased from Korea Bank for Pathogenic Viruses.

pneumonia [3]. Molecular diagnostic tests have greatly increased

Detailed information regarding the 11 species of virus, such as

our understanding of the role of viruses in pneumonia and find-

control number and titer, are listed in Table 1. The viruses were

ings indicate that the incidence of viral pneumonia has been un-

10-fold serially diluted in distilled water for the evaluation of assay

derestimated [2].

sensitivity. Viral concentration was expressed as plaque forming

The simultaneous detection of multiple viruses by PCR would

units (PFU)/mL, based on the plaque assay, or converted from the

be clinically beneficial, because clinical signs and symptoms of

value obtained using the tissue culture infective dose 50 (TCID50)

respiratory virus infections overlap and are seldom pathogno-

assay which is the measure of infectious virus titer to quantify the

monic for any specific virus [3]. Recently, multiplexed molecular

amount of virus required to kill 50% of infected host or to produce

assays for respiratory viruses have been commercially developed

a cytopathic effect in 50% of inoculated tissue culture cells.

and used largely for routine clinical diagnosis of respiratory tract
infection [4]. However, primer dimer formation and competition
between multiple targets would hamper the performance of PCR
technology.

2. Multiplex and Singleplex PCR Kits
Nucleic acid of each diluted reference virus strain was extracted
using ExiPrep Viral DNA/RNA Kit (Bioneer, Daejeon, Korea) ac-

Recently, an increasing number of comparative studies have

cording to the manufacturer’s instructions. Multiplex PCR was

been reported, involving commercial versus laboratory-devel-

performed using AdvanSure™ RV real-time PCR kit (LG Life Sci-

oped assays, or amongst various commercial assays [4]. However,

ence, Seoul, Korea) according to the manufacturer’s instructions.

very limited data is available to compare the performance of mul-

For the same target viruses, singleplex PCR kits were developed

tiplex PCR with singleplex PCR for the detection of respiratory vi-

using the same primer and probe sets obtained from the same

ruses. In this study, we aim to compare the analytical sensitivity

manufacturer. All samples were tested in duplicate and were re-

and multiple virus interference of a commercially available, respi-

tested if the difference in threshold cycle (Ct) value between du-

ratory virus multiplex PCR kit with the singleplex technique.

plicates exceeded 1.0 to exclude random error. Positive and negative controls were tested as batch controls.

Table 1. Information for 11 reference strains of respiratory viruses
Viruses
Corona virus 229E
Corona virus OC43
PIV 1
PIV 2
PIV 3
Influenza A
Influenza B
RSV A
RSV B
Adenovirus
Rhino A,B,C

Pathogenic virus
Bank No.

Control No.

KBPV-VR-9
KBPV-VR-8
KBPV-VR-44
KBPV-VR-45
KBPV-VR-46
KBPV-VR-33
KBPV-VR-34
KBPV-VR-41
KBPV-VR-42
KBPV-VR-1
KBPV-VR-39

VR-CORO 229E-001
VR-CORO 43-001
VR-Parainflu 1-001
VR-Parainlu 2-001
VR-Parainlu 3-001
VR-INF A H1N1-001
VR-IFV B-001
VR-RSV A-001
VR-RSV B-001
VR-ADENO T1-001
VR-Rhino 14-001

Titer (PFU/mL)
8.6×106
7.6×106
6.4×106
6.6×106
6.4×106
6.2×104
6.2×104
1.6×106
4.8×106
9.3×1011
6.5×105

in 7 days on MRC-5
in 5 days on HCT-8
in 7 days on LLC-MK2
in 7 days on LLC-MK2
in 7 days on LLC-MK2
in 7 days on MDCK
in 7 days on MDCK
NA
NA
in 7 days on A549
in 5 days on A549

Viral titers, which were used as base-concentration
(dilution factor 1) in this study
8.6×105 PFU/mL
7.6×105 PFU/mL
6.4×105 PFU/mL
6.6×105 PFU/mL
6.4×105 PFU/mL
6.2×104 PFU/mL
6.2×104 PFU/mL
1.6×105 PFU/mL
4.8×105 PFU/mL
9.3×105 PFU/mL
6.5×105 PFU/mL

When titer as PFU/mL based on the TCID50 assay was available, these titers were used as base concentrations. The concentrations of all viruses except two (RSV A and RSV B)
were converted from the values based on TCID50 assay. The concentrations of RSV A and RSV B were based on the plaque assay.
Abbreviations: NA, not available; PIV, parainfluenza virus; RSV, respiratory syncytial virus.
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Table 2. Target compositions of wells in the AdvanSure multiplex PCR kit
Wells
1
2
3
4
5

Target 1
Coronavirus 229E
Parainfluenza virus 1
Influenza A
Respiratory syncytial
virus A
Adenovirus

Target 2
Coronavirus OC43
Parainfluenza virus 2
RNase P
Metapneumovirus
Rhinovirus

Target 3
Coronavirus NL63
Parainfluenza virus 3
Influenza B
Respiratory syncytial
virus B
Bocavirus

3. Sample Preparation for Sensitivity Evaluation
Each virus sample was 10-fold serially diluted with distilled water (1-10-8). Assay sensitivity was defined as the lowest virus concentration detected by each assay. A Ct difference of > 2.0 between
multiplex and singleplex PCR was regarded to be significant based
on the imprecision of multiplex PCR reagents, per the manufacturer’s instructions (data not shown).

4. Sample Preparation for Interference Evaluation

Table 3. Lowest detected concentration for each virus in multiplex
and singleplex PCR
Viruses
Coronavirus 229E
Coronavirus OC43
PIV 1
PIV 2
PIV 3
Influenza A
Influenza B
RSV A
RSV B
Adenovirus
Rhinovirus A,B,C

Unit
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)
(PFU/mL)

The lowest detected concentration
Multiplex PCR
8.6
7.6
6.4
660
6.4
0.062
0.62
0.16
0.48
9.3
0.065

Singleplex PCR
8.6
7.6
64
66
64
0.062
0.62
0.16
0.48
9.3
0.065

The concentrations of all viruses except two (RSV A and RSV B) were converted
from the values based on TCID50 assay. The concentration of RSV A and RSV B were
based on plaque assay.
Abbreviations: PIV, parainfluenza virus; RSV, respiratory syncytial virus.

Except for coronavirus OC43, RSV A and rhinovirus A, B, and

The multiplex kit was designed to test three viruses within a

C, the difference in Ct value between multiplex and singleplex as-

single well (Table 2). For the evaluation of interference, the target

says was < 2.0 for all dilutions of each virus (mean ± standard de-

virus sample was prepared at a concentration 10-fold higher than

viation [SD], -0.40 ± 1.28). Ct values for coronavirus OC43 and RSV

the limit of detection (LOD), mixed with serially diluted, possibly

A using multiplex PCR were lower than those using singleplex

interfering virus within a single well, and multiplexed. Commer-

PCR at certain low concentrations, while Ct values for rhinovirus

cially available positive and negative controls included in the mul-

A, B, and C using multiplex PCR were higher than those using sin-

tiplex kit were tested as batch quality controls. If the control re-

gleplex PCR (Fig. 1).

sults exceeded the predefined limit, all samples of that batch were
tested again. A Ct difference > 2.0, per the concentration of interfering viruses, was regarded as significant.

2. Evaluation of Interference in Multiplex PCR
Ct values for viruses mixed in a single well were not significantly
influenced by each other, where the difference between Ct values

RESULTS
1. Comparison of Assay Sensitivity between Multiplex

ranged from 0.24 to 1.99 (Fig. 2).

DISCUSSION

and Singleplex PCR
Multiplex and singleplex PCR results showed the same analyti-

As a DNA amplification technique, PCR drives modern genom-

cal sensitivity level for 8 viruses: coronavirus 229E and OC43, in-

ics, forensics, and medical diagnostics. However, the PCR techni-

fluenza virus (INF) A and B, respiratory syncytial virus (RSV) A

que is still not necessarily easy to perform or without complica-

and B, adenovirus, and rhinovirus A, B, and C (Table 3). However,

tions [5]. Due to its high sensitivity, PCR is highly prone to contam-

multiplex PCR showed higher sensitivity for parainfluenza virus

ination and off-target effects.

(PIV) 1 and 3 (the lowest detected viral concentration of both vi-

In multiplex PCR, two or more loci are simultaneously ampli-

ruses was 6.4 PFU/mL using multiplex versus 6.4 × 10 PFU/mL us-

fied in the same reaction [6]. By reducing the number of PCR reac-

ing singleplex), and lower sensitivity for PIV2 (6.6 × 102 PFU/ mL

tions in an experiment, it can conserve expensive reagents and

using multiplex versus 6.6 × 10 PFU/mL using singleplex), but the

DNA samples [6, 7]. However, multiplex PCR is more prone to con-

difference was within 1 dilution factor (Table 3).

tamination, because multiple targets (usually between two and
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Fig. 1. Threshold cycle (Ct) values of multiplex PCR
and singleplex PCR for each respiratory virus. *Ct
difference between multiplex PCR and singleplex
PCR > 2.

five) are detected simultaneously in the same tube [5]. If one tar-

fade into the background [5]. Therefore, considerable time and ef-

get requires three primers, none of which should be able to bind

fort is required for optimization and validation of multiplex PCR.

elsewhere in the template DNA or to each other, then two targets

Our study results show that multiplex real-time PCR assays de-

require six, three require nine, and so on. Each amplicon must ei-

veloped recently exhibited high performance compared with sin-

ther be a different size (for gels) or be labeled with a spectrally

gleplex PCR and there was no interference between targets in

distinct fluorescent dye. Complicating matters is that different tar-

multiplex PCR. Very few reports are available that compare sin-

gets in the reaction can compete with each other for resources. If

gleplex and multiplex PCR. A study conducted in 2000, regarding

highly abundant templates are detected, the less abundant ones

fragment size differences between multiplex and singleplex PCR
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Fig. 2. Ct values for 11 respiratory viruses mixed in the same reaction well with other respiratory virus of decreasing concentration.

products, reported that for one marker, the fragment sizes of the

as significant in this study, based on the imprecision of multiplex

products obtained from multiplex PCR were all approximately 2

PCR reagents, per the manufacturer’s instructions (data not shown).

bp larger than those obtained from singleplex PCR [6]. The au-

The mean SD of Ct for all respiratory viruses across all concentra-

thors concluded that primer-primer interaction within the multi-

tions studied was 0.8 ± 0.4. Therefore, the value of 2.0 (2 × SD)

plex PCR system may have resulted in this genotyping error [6].

was used as a decisional cutoff. If the primer is 100% efficient,

On the contrary, Wang et al. [8] reported the clinical validation of

theoretically, a Ct difference of 1 indicates that one sample con-

multiplex real-time PCR assays for detection of bacterial meningi-

tains twice as much of the template as the other. Using qualitative

tis pathogens in 2011 and showed that differences between Ct val-

PCR for virus detection, < 2 times the quantity has little effect on

ues and respective SD were similar between the multiplex and

the results. We used the same cutoff for difference in Ct value, to

singleplex systems, indicating similar extent of measurement er-

designate significant interference as that used for sensitivity. All

ror. Additionally, there was no significant difference in sensitivity

results in this study showed Ct difference of < 2, suggesting that

and specificity between the multiplex and singleplex real-time

there was no interference of counterpart viruses.

PCR assays [8]. Another previous study comparing the Luminex

The tests analyzed in this study are qualitative; therefore, we

xTAG respiratory virus panel with real-time reverse-transcriptase

could not evaluate the LOD using the method employed for quan-

PCR developed by the Centre for Disease Control, USA, for INF A

titative tests. Rather, we used the 10-fold dilution method to pre-

showed that although 0.7% clinical samples showed discordant

sume the approximate lowest concentration detectable. Even though

results, this was due not to multiplexing but to the different for-

the assay sensitivity for PIV between multiplex and singleplex as-

mats of the two assays [9].

says seemed to differ, this difference was within 1 dilution factor.

To the best of our knowledge, no standard cutoff has been es-

This difference could be due either to an error during dilution or

tablished to designate a difference in Ct value between 2 qualita-

to the difference between the multiplex and singleplex procedures.

tive methods as significant. Therefore, a difference of > 2.0 be-

There were some limitations in our study. First, we could evalu-

tween Ct values using multiplex and singleplex PCR was regarded

ate only real-time multiplexing PCR format for respiratory tract in-
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fections, although there are many other multi-parametric, molecu-

rus (RSV) A), respiratory syncytial virus B (RSV B); adenovirus;

lar diagnostic platforms such as microassay, PCR-mass spectrome-

rhinovirus A, B, and C)를 검출할 수 있는 다중PCR 키트(AdvanS-

try, PCR-electrochemical detection, and Luminex platforms [10].

ure Respiratory virus real-time PCR kit, LG Life Sciences, Korea)의

Second, the singleplex PCR assay kit used in this study was ob-

분석민감도와 간섭 정도를 단일PCR키트와 비교하였다.

tained from the same manufacturer as a reagent for research use

결과: 코로나바이러스 229E 및 OC43, 인플루엔자 A 및 B, RSV A

(not an approved in vitro diagnostics), although the singleplex kit

및 B, 아데노바이러스, 리노바이러스 A, B, C의 측정가능한 최소농

was made using the same manufacturing process and the same

도는 다중PCR과 단일PCR이 같았다. 그러나 PIV1, 2, 3의 최소농도

primer sets were used, as in the multiplex PCR kit. Third, we used

는 두 검사법 간에 1 희석배수의 차이가 있었다. 하나의 반응웰에

standard virus strains rather than clinical samples. Components of

혼합된 바이러스들의 역치주기(threshold cycle, Ct) 변화는 0.24-

clinical specimens can interfere with PCR, so further study is re-

1.99 범위로서, 서로 영향을 주지 않는 것으로 판단되었다.

quired using clinical specimens. Lastly, we did not evaluate coro-

결론: 호흡기바이러스 측정을 위한 다중PCR의 분석민감도는 단

navirus NL63, metapneumovirus, and bocavirus, which were in-

일PCR과 비슷하였다. 다중PCR에서 혼합된 바이러스들 간에 의미

cluded in the multiplex kit, because of lack of standardized viral

있는 간섭은 관찰되지 않았다.

materials.
In conclusion, analytical sensitivity of multiplex PCR for respira-
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