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Background: The accurate and rapid identification of the causative viruses is important for
the timely diagnosis and management of respiratory infections. Multiplex molecular diag-
nostic techniques have been widely adopted to detect respiratory viruses. We compared
the results of a newly upgraded, multiplex, molecular bead-based respiratory viral panel
(RVP) assay with the results of Anyplex Il RV16 detection kit and AdvanSure RV real-time
RT-PCR assay.

Methods: We tested 254 respiratory specimens and cultured viral strains using the Lu-
minex XTAG RVP Fast v2 assay (Luminex Molecular Diagnostics, Canada) and Anyplex I
RV16 detection kit and compared the results. Specimens showing discordant results be-
tween the two assays were tested with a AdvanSure RV real-time RT-PCR assay.

Results: Of the 254 respiratory specimens, there was total agreement in the results be-
tween the xTAG RVP Fast v2 assay and the other real-time PCR assay in 94.1-100% of
the specimens. The agreement levels were relatively low (94.1-97.6%) for specimens of
adenovirus, coronavirus NL63, and parainfluenza type 3. In comparison to the other as-
say, the XTAG RVP Fast v2 assay detected a higher number of parainfluenza type 3 (4
cases) and metapneumovirus (9 cases).

Conclusions: The xTAG RVP Fast v2 assay showed comparable capabilities compared
with the other assays; it will be useful for identifying respiratory viral infections in patients
with respiratory symptoms. Clinicians should be aware of the characteristics of the assays
they use, since different assays show different detectability for each virus.
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INTRODUCTION

6]. Diagnosing RV infections involves detection of the causative

viruses in specimens obtained from patients, such as sputum

Respiratory viral (RV) infection is one of the most common in-
fectious diseases worldwide [1-3]. The rapid and accurate diag-
nosis of the underlying pathogen is crucial for establishing good
clinical practices aimed at reducing morbidity and mortality [4-
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and/or nasopharyngeal swabs. Traditionally, virus cultures and/
or direct fluorescent-antibody assays have been used to detect
the viruses [7-9]. Recently, multiplex PCR-based methods have
been developed and introduced for clinical use, given their ad-
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vantages of decreased hands-on time and improved sensitivity
[8, 91.

Luminex technology has been widely adopted in clinical labo-
ratories for various tests such as multiplex PCR, human leuko-
cyte antigen tests, and protein assays [10, 11]. The Luminex
XTAG respiratory viral panel (RVP) and RVP FAST v1 assays (Lu-
minex Molecular Diagnostics, Toronto, Canada) proved to be
clinically useful in previous studies [12-15], and a revised ver-
sion (XTAG RVP Fast v2) (Luminex Molecular Diagnostics) was
recently released in 2013. The Luminex xTAG RVP Fast v2 as-
say is a multiplex reverse transcriptase (RT)-PCR assay that is
incorporated with the Luminex tagging system. Following the
first release of the Luminex xTAG RVP assay, Luminex Molecular
Diagnostics issued a revised version. The new assay have sev-
eral advantages over the other assays: 1) detect more types of
viruses (19 strains); 2) distinguish among influenza A subtypes
(H1, H3, 2009 H1IN1), coronavirus HKU1, and parainfluenza
type 4; 3) handle the largest number of specimens in one run
(94 specimens); 4) use a small specimen volume (10 pL of nu-
cleic acids); and 5) produce semi-quantitative results as the flu-
orescence intensity.

However, it is unclear whether the new version of the Luminex
system has similar or superior virus detection abilities compared
with other available multiplex RT-PCR assays.

In the present study, we evaluated the clinical performance of
the Luminex xTAG RVP Fast v2 assay for detecting respiratory
viruses compared with that of Anyplex Il RV16 detection kit (See-
gene, Seoul, Korea) and AdvanSure RV real-time RT-PCR assay
(LG Life Sciences, Seoul, Korea).

METHODS

1. Specimens
This study was performed retrospectively by using stored speci-
mens. The specimens were collected in Dongtan Sacred Heart
Hospital, Korea in April 2014, and from December 2014 to April
2015. During these periods, respiratory specimens, sputum, or
nasopharyngeal swabs, and any nucleic acids from the speci-
mens that showed positive results according to the Anyplex I
RV16 detection kit were collected and stored at —70°C until fur-
ther analysis. Stored specimens underwent further evaluations,
as explained in the following sections. When the stored speci-
mens were unavailable or the quantity was too small, then the
stored nucleic acids were used for the experiments.

During the collection periods, 248 stored respiratory specimens
and 6 stored nucleic acids were used. The six nucleic acids were
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used because the frequency of coronavirus 229E and parainflu-
enza 2 was low and the number of positive specimens for these
viruses was too small. Nucleic acids were extracted by using a
QlAamp Viral RNA mini kit (Qiagen, Hilden, Germany) and a QIA-
cube platform (Qiagen).

This study was conducted under the approval of the Institu-
tional Review Board of Dongtan Sacred Heart Hospital (2015-
069), Hwaseong, Korea.

2. Multiplex RVP assays for clinical specimens

Luminex xTAG RVP Fast v2 assays were performed on the col-
lected specimens or stored nucleic acids after thawing. If the
Luminex xTAG RVP results were inconsistent with the results of
the Anyplex Il RV16 assay, then we repeated the Anyplex Il RV16
assay for the same specimens. If the repeated Anyplex Il RV16
results were different from the results of the first assay, then the
Luminex xTAG RVP Fast v2 tests were repeated and/or a third
PCR assay, i.e., the AdvanSure RV real-time RT-PCR assay was
performed for comparison. The Anyplex Il RV16 and AdvanSure
RV real-time RT-PCR assays were performed by using the CFX96
real-time PCR system (Bio-Rad Laboratories, Hercules, CA, USA)
and SLAN-96 real-time PCR detection system (LG Life Sciences),
respectively. For specimens with complete results from all three
assays, we considered that the results were more likely to be
true when two of the three assays showed consistent results. All
of the tests were performed according to the manufacturers’
recommendations. The characteristics and detectable viruses of
each kit are summarized in Table 1.

3. Multiplex RVP assays for virus culture supernatants

The virus culture supernatants from the adenovirus strains (types
1,2,3,4,5,8 11, 12, 18, 23, 31, 35, 40, and 41) and the en-
terovirus strain (Coxsackie B5) were tested by using the three
kits to evaluate their ability to detect each strain. Adenovirus types
1,2, 3,4, 5,8, 18, 23, and 35 were obtained from the Korea
Bank for Pathologic Viruses (http://knrrb.knrrc.or.kr), whereas
adenovirus types 11, 12, 31, 40, and 41, and the enterovirus
(Coxsackie B5) were obtained from the American Type Culture
Collection (http:/Awww.atcc.org).

4. Statistical analysis

Inter-rater agreement statics (Cohen’s kappa) were used to com-
pare the results of the Anyplex Il RV16 and Luminex xTAG RVP
Fast v2 assays. The values were interpreted as follows: values
<0.20, 0.21-0.39, 0.40-0.59, 0.60-0.79, 0.80-0.90, and >0.90
indicated no, minimal, weak, moderate, strong, and almost per-
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Table 1. Comparison of three commercial kits for detecting respiratory viruses

Anyplex Il RV16 (Seegene)

XTAG RVP FAST v2 (Luminex) AdvanSure RV (LG Life Sciences)

Principle
PCR tube number
Specimen amount

Multiplex Real-time PCR
2 tubes
8 jL extracted NA
Reaction time (excluding extraction time) 5hr

Steps
and Analysis)

Specimen numbers in one run 45

Number of detectable viruses 16
Adenovirus
Bocavirus 1/2/3/4
Coronavirus 229E
Coronavirus NL63
Coronavirus 0C43

Coronavirus HKU1

>~ O O O o o

Enterovirus/Rhinovirus
Enterovirus
Rhinovirus A/B/C
Influenza A
Influenza A H1
Influenza A H3
Influenza A 2009 HIN1
Influenza B

o O

Metapneumovirus
Parainfluenza 1
Parainfluenza 2
Parainfluenza 3
Parainfluenza 4

Respiratory syncytial virus A

O O O O O o o o

Respiratory syncytial virus B

4 steps (Extraction, RT, Amplification,

Fluorescence-labeled Bead Array Multiplex Real-time PCR

1 tube 5 tubes
10 pL extracted NA 25 plL extracted NA
4 hr 2 hr

4 steps (Extraction, Amplification, 3 steps (Extraction, Amplification, and

Hybridization, and Analysis) Analysis)
94 16
19 14

0 0
0 0
0 0
0 0
0 0
0 X
0
X
0
0
0
0
0
0 0
0 0
0 0
0 0
0 0
0 X
0 0
0 0

Abbreviations: RT, reverse transcription; NA, nucleic acids; O, detected; X, not detected.

fect agreement, respectively [16]. Statistical analyses were per-
formed by using the VassarStats website (http://vassarstats.net/)
and Excel 2010 (Microsoft, Redmond, WA, USA).

RESULTS

1. Comparison between the xTAG RVP Fast v2 and Anyplex |l
RV16 assays for clinical specimens

The final results of the assays for the collected specimens are
summarized in Table 2. Among the repeated specimens, 79 spec-
imens showed discrepancies between the two assays. In these
discrepant cases, we compared the final Anyplex || RV16 assay
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results to those of the other two assays. When there were dis-
crepancies among the three results, we used the results of the
second (repeated) assay, because the specimens’ status was
considered more comparable and reliable in the second assay.
The total agreement between the xTAG RVP Fast v2 and Any-
plex Il RV16 assays ranged from 94.1% to 100% (Table 2). The
Cohen’s kappa value ranged from 0.66 to 1.00, and was partic-
ularly low for the adenovirus, coronavirus NL63, and parainflu-
enza type 3 specimens (kappa 0.66-0.77, indicating moderate
agreement). All of the other viruses showed strong or almost per-
fect agreement between assays. When compared with the re-
sults of the Anyplex Il RV16 assay, the Luminex XTAG RVP Fast
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Table 2. Agreement between the Anyplex || RV16 and xTAG RVP Fast v2 assays
Results of Anyplex/xTAG ++ +/- -/+ -/- Total agreement (%) Kappa (95% Cl)
Adenovirus 17 15 0 222 94.1 0.66 (0.50-0.83)
Bocavirus 1/2/3/4 25 4 0 225 98.4 0.92 (0.84-1.00)
Coronavirus 229E 6 1 0 247 99.6 0.92 (0.77-1.00)
Coronavirus NL63 8 6 0 240 97.6 0.72 (0.49-0.94)
Coronavirus 0C43/HKU1 16 0 0 238 100.0 1.00 (1.00-1.00)
Enterovirus/Rhinovirus 18 3 5 168 96.9 0.93 (0.88-0.98)
Influenza A 15 0 0 239 100.0 1.00 (1.00-1.00)

Influenza A H1 0

Influenza A H3 9

Influenza A 2009 HIN1 5

Influenza A Non-typed 1
Influenza B 16 1 0 237 99.6 0.97 (0.90-1.00)
Metapneumovirus 51 0 9 194 96.5 0.90 (0.83-0.96)
Parainfluenza 1 13 0 0 241 100.0 1.00 (1.00-1.00)
Parainfluenza 2 3 0 0 251 100.0 1.00 (1.00-1.00)
Parainfluenza 3 7 0 4 243 96.8 0.77 (0.55-0.99)
Parainfluenza 4 9 0 0 245 100.0 1.00 (1.00-1.00)
Respiratory syncytial virus A 27 6 0 221 97.6 0.89 (0.80-0.98)
Respiratory syncytial virus B 12 0 0 242 100.0 1.00 (1.00-1.00)

+/+, positive for Anyplx Il RV16 and positive for xTAG RVP Fast v2; +/-, positive for Anyplx Il RV16 and negative for xTAG RVP Fast v2; -/+, negative for Any-
plx I RV16 and positive for xTAG RVP Fast v2; -/-, negative for Anyplx Il RV16 and negative for xTAG RVP Fast v2.

Abbreviation: Cl, confidence interval.

v2 assay was unable to detect 15 adenovirus, four bocavirus,
one conoravirus 229E, six coronavirus NL63, three enterovirus/
rhinovirus, one influenza type B, and six RSV type A specimens.
By contrast, the Anyplex Il RV16 assay was unable to detect
three enterovirus/rhinovirus, nine metapneumovirus, and four
parainfluenza type 3 specimens.

In 15 of the specimens with the influenza A virus, the Anyplex
I RV16 assay could not differentiate between the H1, H3, and
2009 H1INT1 strains of the viruses, while the xTAG RVP Fast v2
assay could. One specimen showed positive results for the influ-
enza A virus but was negative for H1, H3, and 2009 HIN1 (Ta-
ble 2).

2. Interpretation of discrepant results
Discrepant results were interpreted by considering the results of

the first two assays along with those of the AdvanSure RV assay,
as shown in Table 3. All seven specimens showing positive re-
sults for coronavirus with the AdvanSure RV assay were also pos-
itive with Anyplex Il RV16 but were negative with Luminex xTAG
RVP Fast v2. By contrast, specimens that were positive for meta-
pneumovirus (N=8) or parainfluenza type 3 (N=4) with the Ad-
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vanSure RV assay also showed positive results with Luminex XTAG
RVP Fast v2 but were negative with Anyplex Il RV16 (Table 3).

3. Virus culture supernatant analysis

Table 4 shows the results of each assay for the viral superna-
tants of various strains. The three kits had comparable perfor-
mances for most of the tested strains. However, the Anyplex Il
RV16 assay was unable to detect adenovirus types 12 and 31,
while adenovirus type 18 was not detected by the Luminex xTAG
RVP Fast v2 assay. The AdvanSure RV assay missed detecting
three types of adenoviruses (31, 40, and 41), and erroneously
typed the enterovirus as a rhinovirus (Table 4).

DISCUSSION

In the present study, we evaluated the ability of the Luminex
XTAG RVP Fast v2 assay to detect common respiratory patho-
gens. Its performance was compared with that of the Anyplex Il
RV16 assay, and any discrepancies in the results were confirmed
by using a third multiplex PCR assay, AdvanSure RV. In general,
the Anyplex Il RV16 assay detected more pathogens than did

411



ANN
LAB
MED

the Luminex xTAG RVP Fast v2 assay, which was not surprising
considering that only specimens that showed at least one posi-

Table 3. Comparison of three kits for specimens with discrepant re-
sults

Results of Anyplex/xTAG/AdvanSure  +/-/+  +/-/-  -[+/+  -/+/-
Adenovirus 7 8 0 0
Bocavirus 1/2/3/4 2 2 0 0
Coronavirus 229E 1 0 0 0
Coronavirus NL63 6 0 0 0
Coronavirus 0C43/HKU1 0 0 0 0
Enterovirus/Rhinovirus 0 3 1 4
Influenza A 0 0 0 0
Influenza B 0 0 0 0
Metapneumovirus 0 0 8 1
Parainfluenza 1 0 0 0 0
Parainfluenza 2 0 0 0 0
Parainfluenza 3 0 0 4 0
Parainfluenza 4 0 0 0 0
Respiratory syncytial virus A 2 4 0 0
Respiratory syncytial virus B 0 0 0 0

+/-/+, positive for Anyplx I RV16, negative for xTAG RVP Fast v2, and posi-
tive for AdvanSure; +/-/-, positive for Anyplx Il RV16, negative for xTAG RVP
Fast v2, and negative for AdvanSure; -/+/+, negative for Anyplx Il RV16, pos-
itive for xTAG RVP Fast v2, and positive for AdvanSure; -/ +/-, negative for
Anyplx Il RV16, positive for xTAG RVP Fast v2, and negative for AdvanSure.

Ko D-H, et al.
Evaluation of Luminex xTAG RVP Fast v2

tive result by the Anyplex Il RV16 assay were collected for this
comparison. Nonetheless, the Luminex xTAG RVP v2 assay de-
tected more metapneumovirus and parainfluenza type 3 speci-
mens.

The xTAG RVP v2 and Anyplex Il RV16 assays showed rela-
tively poor concordance for adenovirus, coronavirus NL63, and
parainfluenza type 3 specimens. Taking into account the results
of the third assay, we found that the Anyplex Il RV16 assay de-
tected more adenovirus, bocavirus, and respiratory syncytial vi-
rus type A specimens. Moreover, metapneumovirus, parainflu-
enza type 3, enterovirus, and rhinovirus were more likely to be
detected by the Luminex xTAG RVP Fast v2 assay.

The virus culture supernatants were also tested to evaluate
the abilities of the kits to detect various strains. In these experi-
ments, none of the three kits was able to detect all of the adeno-
virus strains. As there are more than 60 serotypes of adenovi-
ruses [17, 18], it may be challenging to design assays that can
detect all of the subtypes. In addition, the AdvanSure RV assay
classified the enterovirus as a rhinovirus because this assay was
not originally designed to detect enteroviruses.

Among the 254 specimens tested, 92 showed multiple infec-
tions with either the Anyplex Il RV16 assay or the Luminex xTAG
RVP Fast v2 assay. For cases with multiple infections, discrep-
ancies between the two assays were revealed in 40 cases (43.5%).
The discrepancy mainly resulted from the inability to detect ac-

Table 4. Comparison of detectable adenovirus subtypes and enteroviruses in culture supernatants

Virus Source Anyplex Il RV16 XTAG RVP Fast v2 . e‘g"ﬁﬁ”};ﬂ&
Adenovirus type 1 KBPV-VR-1 Detected Detected Detected
Adenovirus type 2 KBPV-VR-58 Detected Detected Detected
Adenovirus type 3 KBPV-VR-2 Detected Detected Detected
Adenovirus type 4 KBPV-VR-60 Detected Detected Detected
Adenovirus type 5 KBPV-VR-61 Detected Detected Detected
Adenovirus type 8 KBPV-VR-3 Detected Detected Detected
Adenovirus type 11 ATCC-VR-12 Detected Detected Detected
Adenovirus type 12 ATCC-VR-863 Not detected Detected Detected
Adenovirus type 18 KBPV-VR-4 Detected Not detected Detected
Adenovirus type 23 KBPV-VR-5 Detected Detected Detected
Adenovirus type 31 ATCC-VR-1109 Not detected Detected Not detected
Adenovirus type 35 KBPV-VR-63 Detected Detected Detected
Adenovirus type 40 ATCC-VR-931 Detected Detected Not detected
Adenovirus type 41 ATCC-VR-930 Detected Detected Not detected
Enterovirus (Coxsackie B5) ATCC VR-1036 Detected Detected Rhinovirus

Abbreviation: KBPV, Korea Bank for Pathologic Viruses.
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companying viruses, mostly adenovirus (13 cases), metapneu-
movirus (7 cases), and coronavirus NL 63 (6 cases). Among the
specimens with three complete sets of assay results, there were
slightly more discrepancies for cases of multiple infections than
for single-infection cases (26 vs 17). However, we were unable
to examine this difference statistically owing to the small sample
size.

The discrepant results might be due to several factors, includ-
ing differences in the target genes and primers and differences
in the analytical sensitivities of the assays. Previous studies have
shown that different targets for amplification can affect the ana-
lytical sensitivities and specificities of assays [12, 191.

In contrast to the Anyplex Il RV16 assay, the Luminex xTAG
RVP FAST v2 assay could differentiate among three subtypes of
the influenza A virus; thus, this assay may be more helpful, es-
pecially during the influenza season. Moreover, only the Luminex
XTAG RVP Fast v2 assay could distinguish between coronavirus
0C43 and HKU1 specimens. However, it should be noted that it
was challenging to directly compare the detection capabilities of
the assays because Luminex XTAG RVP Fast v2 reports its ca-
pabilities in units of copies/mL, whereas the other assays report
the results in units of tissue culture infective dose 50 (TCID50)/
mL. Therefore, laboratory personnel should be aware of the char-
acteristics and differences of the assays they use and should be
cautious when performing the assays and reporting the results.
In particular, laboratory staff and physicians should maintain close
communication to ensure the best use of the assays.

For the specimens with discordant results, many showed weak
positive reactions (“+” reactions, based on the cycles at which
the melting curve analyses revealed the presence of the targets)
in the initial Anyplex Il RV16 assay. A previous study using serial
dilutions of plasmid standards of several viruses showed that
greater discrepancies existed in low-copy specimens [13]. How-
ever, the cycle threshold values for the AdvanSure RV assay and
the fluorescence intensities for the Luminex xTAG RVP Fast v2
assays were highly variable; thus, the discrepant results may be
related, at least in part, to the weak positive reactions, although
other unexplained factors may also be involved. Future studies
should investigate these possibilities.

Several studies have investigated the clinical utility of the Lu-
minex XTAG RVP assay for detection of respiratory pathogens.
While the Luminex assay showed generally higher sensitivities
than traditional assays, it could detect more influenza, respira-
tory syncytial virus, metapneumovirus, and rhinovirus/enterovi-
rus cases, while detect less adenovirus and coronavirus cases
[12-15]. And some have reported that great discrepancies were
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discovered for adenovirus and influenza B virus cases.

Similar results were obtained in the present study, with the
Luminex XTAG RVP assay displaying high detection capabilities
for detecting rhinovirus/enterovirus and metapneumovirus cases
but low detection capabilities for coronavirus cases. In fact, many
commercial kits tend to produce discrepant results for adenovi-
rus specimens [20, 21].

The main limitation of this study is that we chose our speci-
mens retrospectively; thus, selection bias may have existed and
affected the results. In addition, we were unable to assure the
stability of the stored specimens. Indeed, some of the specimens
showed discrepant results between the initial and follow-up Any-
plex Il RV16 assays. As sequencing analysis was not performed
for the specimens, we compared the results of the assays for
concordance, making it difficult to directly determine the analyt-
ical sensitivity and/or specificity of these assays.

In conclusion, we evaluated the clinical utility of the Luminex
XTAG RVP Fast v2 assay. We found that this assay could detect
various respiratory pathogens simultaneously and that the per-
formance was comparable to that of the existing methods in terms
of agreement. The Luminex XTAG RVP Fast v2 assay may be a
good alternative method in clinical laboratories for the diagnosis
of RV infections.
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