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Background: Respiratory fract infections are major
public health threats, and the identification of their
causative microbes helps clinicians to initiate timely
and appropriate antimicrobial therapy and prevent the
secondary spread of infection. The main goal of this
study was to compare two multiplex real-time poly-
merase chain reaction (PCR) assays used to detect
respiratory viral pathogens in nasopharyngeal swab
specimens.

Methods: Between September and October 2017, a
total of 84 nasopharyngeal specimens were obtained
consecutively from patients in a tertiary hospital us-
ing a flocked swab with 3 mL universal transport me-
dium (COPAN Diagnostics, USA). A total of 64 pos-
itve and 20 negative sample results from the LG
AdvanSure RV real-time RT-PCR kit (LG Life
Sciences, Korea) were further retested using a new
AdvanSure RV-plus a real-time RT-PCR kit to com-
pare their performance.

Results: Statistical analysis of positive and negative
agreement between the two different kits was con-
ducted between the newly introduced AdvanSure

INTRODUCTION

Morbidity and mortality from viral respiratory tract infections
are major public health threats [1,2]. Approximately one-half of
acute respiratory infections are due to viruses. Acute respiratory
infections reduce economic productivity and incur a great cost
for medical health care services. Despite the introduction of an-

ti-viral medications and vaccines during the 20" century, it is

RV-plus real-time RT-PCR kit and the AdvanSure RV
real-time RT-PCR. The overall agreement was 96.4%,
with positive agreement of 98.4% and negative
agreement of 90%. The evaluated sensitivity and
specificity of AdvanSure RV-plus real-time RT-PCR
were 96.9% and 94.7%, respectively, with a kappa
value of 0.9 (P<0.001).

Conclusion: The performances of LG AdvanSure RV
real-time RT-PCR and the new AdvanSure RV-plus
real-time RT-PCR kit showed strong overall agreement.
AdvanSure RV-plus real-time RT-PCR had a better
detection rate and could detect coronavirus 229E
and enterovirus, especially with a high detection rate
in coinfection. AdvanSure RV-plus real-time RT-PCR
can be considered a useful tool for respiratory virus
diagnosis in clinical laboratories. (Ann Clin Microbiol
2019;22:35-41)

Key Words: Diagnosis, Multiplex polymerase chain
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still challenging to identify specific interventions for proper
management of respiratory viruses (RV) [1,3,4]. Each year Asia
and Africa experience about 134 and 131 million cases of lower
respiratory tract infections, respectively, and overall, 429 million
respiratory tract infections are experienced globally across all
ages [5]. The identification of causative microbes helps clini-
cians to initiate timely and appropriate antimicrobial-therapy,

prevent the use of unnecessary antibiotics, and avoid secondary
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spread of infection [6].

Traditionally, viral diagnostic cell culture is considered the
gold standard, but this process requires 10 to 14 days [7]. Due
to the need for rapid and accurate diagnosis, priority is given to
viral diagnostic tools that give immediate results. The viral cul-
ture technique has limited utility for clinicians, as the results are
obtained too late for effective clinical management decisions
[8]. Viral management outcomes depend on rapid diagnosis,
sensitivity, and specificity to ensure proper detection of viral
pathogens, effective anti-viral therapy, and preventive strategies
[9-11]. 1t is almost impossible to differentiate bacterial and viral
respiratory tract infections by clinical signs and symptoms, radi-
ology, or biochemical markers, which leads to inappropriate use
of antibiotics [12]. Multiplex PCR is a validated tool for early
respiratory pathogen detection with high diagnostic accuracy
[13]. Nasal smear cultures were reported as less reliable for de-
tection of the etiologies of pneumonia. To maximize clinical di-
agnosis and effectiveness, real-time PCR is considered a
well-established methodology for the detection, quantification,
and typing of different microbial pathogens in clinical diagnosis
[12,14,15]. Nasopharyngeal specimens are usually considered
the best type of specimen for early detection of RV [16].
AdvanSure RV real-time RT-PCR (LG Life Sciences, Seoul,
Korea) has been widely used in clinical practice and can detect
14 viruses using five tubes. AdvanSure RV real-time RT-PCR
(LG Life Sciences) has demonstrated capacity for diagnosing
RV with acceptable specificity and sensitivity. A newly in-
troduced RV kit, AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences), can detect 15 RV and uses four tubes to reduce
laboratory work load and hands-on time. Comprehensive evalua-
tion of the new AdvanSure RV-plus real-time RT-PCR kit (LG
Life Sciences) is required for laboratory physicians to decide on
the best methods for RV diagnosis.

The aim of this study is to compare and evaluate the perform-
ance of the AdvanSure RV-plus real-time RT-PCR kit (LG Life
Sciences), a multiplex real-time polymerase chain reaction-based
kit, to that of LG AdvanSure RV real-time RT-PCR (LG Life

Sciences).

MATERIALS AND METHODS
1. Subjects

Between September to October 2017, 84 nasopharyngeal
specimens were consecutively obtained from patients in a ter-

tiary care hospital using flocked swabs and 3 mL universal

transport medium (COPAN Diagnostics, Murrieta, CA, USA).
Specimens were stored at —70°C. There were 64 positive sam-
ple results and 20 negative sample results from the LG
AdvanSure RV real-time RT-PCR kit (LG Life Sciences), which
was adopted in the laboratory. Samples were further tested by
AdvanSure RV-plus real-time RT-PCR (LG Life Sciences) to
compare with the results of LG AdvanSure RV real-time
RT-PCR (LG Life Sciences) and to evaluate the performance of
the new AdvanSure RV-plus real-time RT-PCR kit (LG Life
Sciences). A positive result from all two methods or from
AdvanSure RV-plus real-time RT-PCR (LG Life Sciences) or
from AdvanSure RV real-time RT-PCR (LG Life Sciences) was
considered to be a true positive in this study [17]. The Research
Ethics Board approved this study (Approval No. 4-2016-1029).

2. Nucleic acid extraction and multiplex real-time PCR assays

The RNA and DNA extraction process consisted of several
steps according to the manufacturer’s instructions. Briefly, 200
1L of nasopharyngeal specimen was used with TANBead auto-
mated magnetic bead operating platform using Smart
LabAssist-32 and Tanbead Optipure Nucleic Acid (Taiwan
Advanced Nanotech Inc. Taoyuan City, Taiwan) [17].
AdvanSure RV real-time PCR kits, AdvanSure Nucleic Acid R
kits, and AdvanSure RV-plus real-time RT-PCR kits (LG Life
Sciences) were used to detect respiratory viruses, including
RNA and DNA viruses. Then, 5 #L of extracted nucleic acid
was mixed with 5 L of primer probe to result in 10 «L used
for one-step operating cDNA synthesis and real-time polymerase
chain reaction. The next step for reverse transcriptase consisted
of incubating the mixture following the manufacturer’s
instructions. To prevent misjudgment sample error and real time
PCR error, the internal control of endogenous RNase polymer-

ase was used to validate the RNA extraction procedure.
3. Statistical analysis

A total of 84 clinical nasopharyngeal samples including 64
samples with positive results and 20 samples with negative re-
sults using the old LG AdvanSure RV real-time RT-PCR kit
(LG Life Sciences) were further tested by AdvanSure RV-plus
real-time RT-PCR (LG Life Sciences). Overall agreement, sensi-
tivity, specificity, kappa, and P values were analyzed. All stat-
istical and data analyses were done by SPSS (Version 21.0.
Armonk, NY, USA). A P value =<0.05 was considered
significant.
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RESULTS

Eighty-four nasopharyngeal respiratory samples were tested
using two kits, and 12 respiratory viral pathogens including
Adenovirus (Adeno); Bocavirus (BoV); Respiratory syncytial vi-
rus A and B (RSVA, RSVB); Rhinovirus (Rhino); Metapneum-
ovirus (MPV); Parainfluenza Virus 1 and 3 (PIVI, PIV3);
Influenza virus A (INFA); coronavirus E229 (E229);
Enterovirus (ENT); coronavirus OC43 (OC43) were detected.
The statistical analysis of positive and negative agreement be-
tween the two different kits, the newly introduced AdvanSure
RV-plus real-time RT-PCR kit (LG Life Sciences) and the
AdvanSure RV real-time PCR RT-PCR kit (LG Life Sciences),
was performed. Overall agreement was 96.4%, positive agree-
ment was 98.4%, and negative agreement was 90.0% (data not
shown). The sensitivity and specificity of AdvanSure RV-plus
real-time RT-PCR (LG Life Sciences) were evaluated. The spe-
cificity was 94.7% and the sensitivity was 96.9% with kappa of
0.9.

The AdvanSure RV-plus real-time RT-PCR (LG Life
Sciences) could detect 229E which was missed by the
AdvanSure RV real-time RT-PCR (LG Life Sciences) and addi-
tionally detect ENT (Table 1). AdvanSure RV-plus real-time

Table 1. Overall sensitivity comparison table

No. (%) of positives

Target

virus  Total true AdvanSure‘ AdvanSu.re Statistical
. RV-plus real-time RV real-time .
positive RT-PCR RT-PCR difference
Adeno 11 11 (100) 10 (90.9) NS
229E 2 2 (100) - -
BoV 11 11 (100) 10 (90.9) NS
ENT 5 5 (100) - -
INFA 7 7 (100) 7 (100) NS
MPV 9 9 (100) 8 (88.9) NS
0C43 7 6 (85.7) 7 (100) NS
PIVI 2 2 (100) 2 (100) NS
PIV3 9 9 (100) 9 (100) NS
Rhino 16 16 (100) 15 (93.8) NS
RSVA 7 7 (100) 6 (85.7) NS
RSVB 1 1 (100) 1 (100) NS
Total 87 86 (98.9) 75 (86.2) <0.001

Abbreviations: RT-PCR, real-time polymerase chain reaction; Adeno,
adenovirus; 229E, coronavirus; BoV, bocavirus; ENT, enterovirus;
INFA, inflenza virus A; MPV, metapneumovirus; OC43, coronavirus
0OC43; PIV1 and PIV3, parainflenza virus 1 and 3; Rhino, rhinovirus;
RSVA and RSVB, respiratory syncytial virus A and B; NS, not
significant.

RT-PCR (LG Life Sciences) showed a higher detection rate for
six viruses. Detection rates of adenovirus were 90.9% (n=10)
with AdvanSure RV real-time RT-PCR (LG Life Sciences) and
100% (n=11) with AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences). The detection rate of MPV with AdvanSure
RV-plus real-time RT-PCR (LG Life Sciences) was 100%
(n=9), while with AdvanSure RV real-time RT-PCR (LG Life
Sciences) was 88.9% (n=8). Detection of rhinovirus was 93.8
(n=15) for AdvanSure RV real-time RT-PCR (LG Life
Sciences) and 100% (n=16) for AdvanSure RV-plus real-time
RT-PCR (LG Life Sciences); detection of RSVA was 85.7%
(n=6) for AdvanSure RV real-time RT-PCR (LG Life Sciences)
and 100% (n=7) for AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences); the detection rate for OC43 was 85.7% (n=6) for
AdvanSure RV-plus real-time RT-PCR (LG Life Sciences) and
100% (n=7) for AdvanSure RV real-time RT-PCR (LG Life
Sciences). BoV was detection percentage was 90.9% (n=10) for
AdvanSure RV real-time RT-PCR (LG Life Sciences) and
100% (n=11) for AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences). Similar detection rates were found in the follow-
ing viruses: INFA, PIV1, PIV3, and RSVB. In summary, the
RV real-time PCR RT-PCR (LG Life Sciences) detected 75
(86.2%) positive results, while AdvanSure RV-plus real-time
RT-PCR (LG Life Sciences) detected 86 (98.9%) positive
results. AdvanSure RV-plus real-time RT-PCR (LG Life
Sciences) showed good performance in specimens infected with
multiple viruses (Table 2). AdvanSure RV-plus real-time
RT-PCR (LG Life Sciences) detected 42.5% (n=37) in 16 co-in-
fected clinical samples, while AdvanSure RV real-time RT-PCR
(LG Life Sciences) detected 21.8% (n=19) in 9 clinical samples
with co-infection with multiple viruses. 16 co-infected clinical
samples detected by AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences), 6 of them were the same for both two kits and
10 samples showed different virus (Table 3), and detection rates
increased in new test kits when samples have coinfection with

enterovirus and coronavirus.

DISCUSSION

Acute respiratory tract infections due to respiratory viruses
present with similar clinical features as respiratory infections
due to bacteria [12]. Delayed diagnostic results may result in
physicians initiating antibiotic therapy without etiological identi-
fication results [18]. Inappropriate antibiotic use for manage-

ment of respiratory viral infections is prevalent worldwide and
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Table 2. Distribution of RVs in clinical nasopharyngeal specimens by AdvanSure RV real-time RT-PCR and AdvanSure RV-plus real-time

RT-PCR
No. (%) of positive
Overall Single virus Two viruses Three viruses

Target No. of
. true
VIruses positive Alg;//a.r]f:;sre AdvanSure Aﬁ:;a_r;ige AdvanSure Ag&;i?:e AdvanSure Alg&zige AdvanSure

real-time RV real-time real-time RV real-time real-time RV real-time real-time RV real-time

RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR
Adeno 11 11 (100) 10 (90.9) 5(5.8) 7 8.1 4 (4.6) 2 (2.3) 2 (2.3) 1 (1.2)
229E 2 2 (100) 1 (1.2) 1 (1.2)
BoV 11 11 (100) 10 (90.9) 6 (5.8) 7 (8.1 2 (2.3) 2 (2.3) 3 (3.5) 1 (1.2)
ENT 5 5 (100) 2 (2.3) 3 (3.5
INFA 7 7 (100) 7 (100) 7 (8.1) 7 (8.1)
MPV 9 9 (100) 8 (88.9) 8 (9.2) 8 (9.2) 1 (1.2)
0C43 7 6 (85.7) 7 (100) 5(5.8) 7 (8.1) 1 (1.2)
PIVI 2 2 (100) 2 (100) 2 (2.3) 2 (2.3)
PIV3 9 9 (100) 9 (100) 4 (4.6) 4 (4.6) 4 (4.6) 5 (5.8) 1(1.2)
Rhino 16 16 (100) 15 (93.8) 5 (5.8) 7 (8.1) 7 (8.1) 7 (8.1 4 (4.6) 1 (1.2)
RSVA 7 7 (100) 6 (85.7) 6 (6.9) 6 (6.9) 1 (1.2)
RSVB 1 1 (100) 1 (100) 1(1.2) 1 (1.2)
Total 87 86 (98.9) 75 (86.2) 49 (56.3) 56 (64.4) 23 (26.4) 16 (18.4) 14 (16.1) 3 (3.5

Abbreviations: See Table 1.

Table 3. Detection difference in co-infections clinical nasopharyngeal swab specimens

Number AdvanSure RV-plus real-time RT-PCR AdvanSure RV real-time RT-PCR
1 Adenovirus, Rhinovirus Adenovirus
2 Bocavirus, Coronavirus Coronavirus
3 Rhinovirus, Enterovirus Rhinovirus
4 Adenovirus, Respiratory syncytial virus A, Coronavirus Adenovirus
5 Bocavirus, Rhinovirus, Enterovirus Bocavirus, Rhinovirus
6 Parainflenza Virus 3, PIV3, Coronavirus OC43 Parainflenza Virus 3, PIV3
7 Bocavirus, Adenovirus Bocavirus
8 Bocavirus, Rhinovirus, Enterovirus Bocavirus, Rhinovirus
9 Parainflenza Virus 3, PIV3, Rhinovirus, Enterovirus Parainflenza Virus 3, PIV3, Rhinovirus
10 Rhinovirus, Enterovirus Rhinovirus

increases the risk of antibiotic side-effects, emergence of anti-
microbial resistance, and cost of unnecessary care [19]. There
are currently multiple respiratory viruses that contribute to the
burden of respiratory viral diseases. These viruses can affect
people of all ages, including infants, children, young adults,
adults, elderly people, and immunocompromised people.
Moreover, early diagnosis allows physicians to create an ap-
propriate clinical management plan. Timely diagnosis has been
proven to prevent inappropriate use of antibiotics and help in
public health surveillance measures. Molecular technology dem-
onstrates several benefits including quick results with higher

sensitivity and specificity. The rapidity of molecular techniques

allows them to be the best tools for surveillance during epi-
demics [20-23]. Evaluation of AdvanSure RV-plus real-time
RT-PCR kit (LG Life Sciences) and AdvanSure RV real-time
RT-PCR kit (LG Life Sciences) in respiratory nasopharyngeal
specimens showed 96.9% sensitivity, comparable to the sensi-
tivity between AdvanSure RV real-time RT-PCR (LG Life
Sciences) with other PCR kits [17]. Negative percent agreement,
positive percent agreement, kappa value, and P value for the
two assays were 90.0%, 98.4%, and 0.9, respectively (P
<0.001). These agreements are comparable to findings from
others studies [24-26]. The overall agreement was 96.4%, which

is high agreement as reported in other studies comparing
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AdvanSure RV real-time RT-PCR (LG Life Sciences) with oth-
er kits [26]. The 98.9% the high positive rate in the new test
kit when comparing the positive rate between the new and old
test kits was significantly affected by the possible detection of
enterovirus and coronavirus 229E (P value<0.001) and there
was no statistical significant difference in the detection of each
other virus.

To the best of our knowledge, there is no previous study that
compares LG AdvanSure RV real-time RT-PCR (LG Life
Sciences) and the new AdvanSure RV-plus real-time RT-PCR
kit (LG Life Sciences) in nasopharyngeal swab samples.
Evaluation of the AdvanSure RV-plus real-time RT-PCR assay
(LG Life Sciences) against AdvanSure RV real-time RT-PCR
(LG Life Sciences) in respiratory nasopharyngeal specimens re-
sulted in 96.9% sensitivity and 94.7% specificity. AdvanSure
RV real-time RT-PCR (LG Life Sciences) detected 75 (86.2%)
positive results, and AdvanSure RV-plus real-time RT-PCR (LG
Life Sciences) detected 86 (98.9%) positive results. Other stud-
ies have compared AdvanSure RV real-time RT-PCR (LG Life
Sciences) with other PCR kits and showed the slightly higher
positive detection of rate for AdvanSure RV real-time RT-PCR
(LG Life Sciences). While other kits showed much more ca-
pacity for positive detection of respiratory viruses, the new
AdvanSure RV-plus real-time RT-PCR kit (LG Life Sciences)
showed higher positive detection rate than AdvanSure RV re-
al-time RT-PCR (LG Life Sciences) [24,26,27]. AdvanSure RV
real-time RT-PCR (LG Life Sciences) demonstrated good per-
formance capacity in multiple virus-infected nasopharyngeal
specimens. AdvanSure RV-plus real-time RT-PCR (LG Life
Sciences) showed good performance to detect multiple viruses
in clinical specimens (Table 2).

AdvanSure RV-plus real-time RT-PCR (LG Life Sciences)
detected 42.5% (n=37) in 16 co-infected clinical samples, while
AdvanSure RV real-time RT-PCR (LG Life Sciences) detected
21.8% (n=19) in 9 clinical samples with co-infection with multi-
ple viruses, more details were described in Table 3. However,
there are still contradictory reports on the impact of being in-
fected by multiple viruses; evidence from published studies has
shown an association between co-infection with multiple viruses
and the severity of clinical manifestations [17]. The AdvanSure
RV-plus real-time RT-PCR (LG Life Sciences) was able to de-
tect coronavirus E229 which was missed by the AdvanSure RV
real-time RT-PCR (LG Life Sciences) and additionally detect
ENT. The human coronavirus 229E usually causes mild upper

respiratory infections in immunocompetent adults, but may lead

to severe complications or mortality in immunocompromised in-
dividuals [28]. In this study, human enterovirus detected in co-
infections samples together with rhinovirus (ENT/HRV). The
similar results were found in other studies, ENT/HRV have
been identified as the leading cause acute asthma exacerbations,
bronchiolitis, and viral pneumonia. Although some studies were
unable to describe the clinical severity associated to ENT/HRV,
the study conducted in younger children admitted in hospital for
bronchiolitis reported the severity; other studies reported that
bronchiolitis due to ENT/HRV resulted in less severe disease
compared to Respiratory syncytial virus A and B bronchiolitis
among infants [29].

Limitation of this study was the nasopharyngeal specimens
were tested by AdvanSure RV real-time RT-PCR (LG Life
Sciences) after the samples were stored at —70°C. They were
then tested by AdvanSure RV-plus real-time RT-PCR (LG Life
Sciences). Since the experiments were not carried out at the
same time, there is a possibility of false positives due to
contamination.

Overall, the performance of LG AdvanSure RV real-time
RT-PCR (LG Life Sciences) and the new AdvanSure RV-plus
real-time RT-PCR kit (LG Life Sciences) showed strong
agreement. AdvanSure RV-plus real-time RT-PCR (LG Life
Sciences) showed a better detection rate with high sensitivity
and specificity. AdvanSure RV-plus real-time RT-PCR kit (LG
Life Sciences) is a useful tool for respiratory virus diagnosis in

clinical settings.
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24k vl A (COPAN Diagnostics, USA)E o|-&sto] =3tk 71E 7+ 7&5 v|s2E $lsll LG AdvanSure RV real-time
RT-PCR (LG Life Sciences, Korea) 7|EZ A& 6471 FAF} 207 A4 ZHAIE # < 71= LG AdvanSure RV-plus re-
al-time RT-PCR 7|EZ 73}

Al AR o2 F 7|E 7F ok 1S4 YA 5ol itk BAIK e 4o g AE £70E AdvanSure RV-plus real-time
RT-PCR 7] E g AdvanSure RV real-time RT-PCR Ztell % 7}tgiel. HRbAQl UX == 96 4%933L, 98.4%2] 4 A=
2} 90.0%2] 24 X E=E Et) AdvanSure RV-plus real-time RT-PCRoIA] H71E W17A 59} Eo|E= 22 96.9%9}
94.7%SA3L, kappa value: 0.9 (P<0.001)S1t}.

ZAE: LG AdvanSure RV real-time RT-PCRZ} A Z- AdvanSure RV-plus real-time RT-PCR 7] E2] A5 713t AX =&
B3, AZ 7MutEl AdvanSure RV-plus real-time RT-PCRo] ©T] £ HAZEES Bt} AdvanSure RV-plus real-time
RT-PCR 7|Ex QA0 AE AAANA TE7] vlo|g] A 7] Aeks 913t 983 Frlo g wed3t 4= 9IS Aoz 3}
gl=lc) [Ann Clin Microbiol 2019;22:35-41]
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