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Abstract. This study evaluated the clinical usefulness of a newly introduced multiplex reverse transcription
PCR assay (Seeplex RV; Seegene, Inc., Seoul, Korea) in patients with respiratory symptoms. Fifty clinical
respiratory specimens (45 from children, 5 from adults) were tested for 8 viruses (influenza virus type A
and B, parainfluenza virus type 1, 2, 3, respiratory syncytial virus type A and B, and adenovirus) by
Seeplex RV (S-RV) and R-mix viral culture with immunofluorescence (VC-IF). Forty (80%) of the 50
samples showed concordant results between S-RV and VC-IF; 24 of these showed the same positive and
16 showed the same negative results. Among the 10 discrepant samples, 9 were S-RV-positive and VC-IF-
negative. Six were obtained in patients with lower respiratory tract infection. Only 1 sample was VC-IF-
positive and S-RV-negative. This patient had pneumonia. In 3 cases, more than 1 virus was identified by
S-RV. The total running time of S-RV was 6 hr, which shortens the detection time for the viral presence
by 2 workdays compared to VC-IF. In conclusion, S-RV is reliable, rapid, relatively easy to perform, and
able to detect more than 1 virus simultaneously. Therefore, implementation of the S-RV assay in clinical
laboratories will aid rapid diagnosis and treatment of major viral infections of the respiratory tract.
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Introduction

An acute respiratory tract infection (ARTI) is one
of the common causes for both outpatient clinic
visits and hospital admissions of children [1,2].
Although the bacterial infection rate has declined
with the use of antimicrobial agents, viral infection
rate has been increasing. Influenza virus type A
and B, parainfluenza virus type 1, 2, 3 (PIV I, PIV
II, PIV III), respiratory syncytial virus (RSV) type
A and B, and adenovirus are major causes of lower
respiratory tract infections in infants and young
children under 5 yr old. Human metapneumovirus,
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also identified in children with respiratory infection,
rhinovirus, and coronavirus are known as causative
agents of the common cold [3-8]. These respiratory
viruses are responsible for pneumonia, bronchiolitis,
and croup. Early detection methods for these
virusesare importantin planning for the appropriate
treatment in the hospital. R-mix viral culture with
immunofluorescence (VC-IF) has been widely
performed for the diagnosis of lower respiratory
viral infections, but VC-IF has a long turn around
time (TAT); more than 3 workdays are generally
required. Several types of molecular biological
methods, including reverse transcription PCR (RT-
PCR), PCR-hybridization, and real time PCR,
have been introduced as more rapid detection
methods for respiratory infections [9-13]. However,
the limited number of detectable viruses and the
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labor intensity of multiple PCR reactions have
hampered routine clinical use of the molecular
methods. Recently, the Seeplex RV assay (S-RV), a
multiplex RT-PCR method, has been introduced
and been shown to run 12 primer sets simultaneously
for detection of 12 respiratory viruses: influenza
virus type A and B, parainfluenza virus type 1, 2,
3, RSV type A and B, adenovirus, human
metapneumovirus, coronavirus OC43 and 229E,
and rhinovirus. This study evaluates the perform-
ance of the S-RV assay in patients with respiratory
symptoms.

Materials and Methods

Subjects. Fifty clinical specimens were obtained from patients
with suspected ARTT who were seen at the Korea University
Medical Center (KUMC), Anam and Guro Hospitals in
Seoul, and Ansan Hospital in Gyeonggi, Korea. The subjects
ranged in age from three mo to 72 yr, with children 6 yr of
age or younger comprising 84% of the study population. A
lower respiratory tract infection was defined as a patient with
one or more of the following clinical features: bronchiolitis,
pneumonia, wheezing, or laryngotracheobronchitis, or a
patient who required ventilation without an underlying
physiological disease. The medical record of each patient was
reviewed using an electronic medical record system. Patient
age, gender, type of clinical sample, bacterial culture results,
and clinical diagnosis were collected.

Specimens. The specimens were predominantly nasopharyn-
geal aspirates (NPAs, 92%) collected either in the outpatient
clinic or after hospitalization. NPAs were collected from the
nasopharynx via a catheter into a collecting tube that
contained virus transport media (VIM). The NPAs were
stored in a refrigerator at 4°C for 1-2 days until inoculation
for viral culture. The specimens were vigorously vortexed for
10 sec, followed by centrifugation at 4,200 x g for 5 min to
pellet the epithelial cells and bacteria. The supernatant was
used for virus culture. For comparisons with S-RV, the
specimens were stored at -70°C until tests were performed.

R-mix viral culture. A cryopreserved R-mix cell monolayer
on a glass coverslip in shell vials on dry ice was obtained. Two
shell vials were thawed for 4 min, and the medium was
removed and new medium was added. Then, 200 ul of the
patient specimen supernatant was inoculated and the vials
were centrifuged at 700 x g for 60 min at room temperature.
After overnight incubation at 36°C in a CO, incubator, the
coverslip containing the cells was fixed with acetone and
stained with a respiratory virus fluorescent antibody pool
(Respiratory Panel 1 Viral Screening & Identification Kit,
Chemicon, Temecula, CA, USA). Positive screens were
further identified with a second R-Mix shell vial on day 2.
Coverslips were scraped and spotted to 5-well slides. Dried
and fixed slides were then stained with virus-specific

monoclonal antibodies. If the initial R-Mix screening was
negative, a second shell vial was examined on day 7 [14].

DNA and RNA extraction. Viral DNA and RNA were
extracted from 300 pl of each respiratory specimen. Briefly,
frozen aliquots of clinical specimens were thawed and viral
DNA/RNA were extracted using a Gene-spin™ kit (iNtRON
Biotechnology, Seoul, Korea) according to the manufacturer’s
protocol. Extracted RNA, random hexamers, and murine
leukemia virus reverse transcriptase (RevertAid M-MulV

RT, Fermentas, Burlington, Canada) were used to synthesize
the cDNA.

First-strand ¢cDNA synthesis. Total RNAs extracted from
clinical samples were used for the synthesis of first-strand
cDNAs. Reverse transcription was performed for 1.5 hr at
37°C in a final reaction volume of 20 pl with 1 pl of random
hexamers (0.2 pg/ul), 7.5 pl of total RNA (100 ng), 1 pl of
murine leukemia virus reverse transcriptase (200 u/pl), 1 pl of
RNase inhibitor (20 u/pl), 2 pl of ANTP (10 mM) 5X RT
buffer (a final concentration of 4 mM MgCl,), and 3.5 pl of
water. The product was stored at -20°C until use.

Polymerase chain reaction. PCR amplification was performed
using 10 pl of Seeplex RV master mix (Seegene, Inc., Seoul,
Korea), 4 pl of 5X multiplex primer sets, 3 pl of 8-MOP
solution, and 3 pl of newly synthesized first-strand cDNA (1
pg/3 pl). The Seeplex RV contained A and B sets of primers
designed from highly conserved regions of genetic sequences
for the 12 respiratory viruses. These primers were specifically
designed by use of DSO technology of Seegene, Inc. and the
specific primer sequences of the A set were released [15]. An
initial pre-PCR step of 94°C for 15 min was performed in a
thermocycler 9600 (Perkin-Elmer, Waltham, MA, USA),
followed by a total of 35 PCR cycles under the following
conditions: 94°C for 30 sec, 60°C for 1.5 min, and 72°C for
1.5 min. The final cycle was followed by an extension step at
72°C for 10 min to complete any partial polymerizations. The
amplified PCR products were separated on 2% agarose gel
and stained with ethidium bromide. The type of respiratory
virus was identified by comparison with the reference band
size provided by the manufacturer (Fig. 1).

As an internal control, plasmids containing amplicons
(719 bp) were used during viral RNA/DNA extraction. This
internal control could detect any problems that occurred
during the viral RNA/DNA preparation or PCR reaction. As
a negative control, sterile deionized water was used in place of
cDNA as the PCR template. To check the integrities of
primers used in the RT-PCR assay, positive RNA controls
from the manufacturer and from clinical specimens that were
positive by viral culture methods were assayed in the presence
of all primer pairs. No cross-reactivity was detected.

Results
Fifty clinical specimens were tested. Table 1

summarizes the patient demographics. Twenty-six
of the 50 samples were from male patients and 24
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Fig. 1. Seeplex RV analysis for respiratory viruses. Samples were electrophoresed and were visualized by use of a UV illuminator.
A 2% agarose gel was used (100V, 30 min electrophoresis). In the RV 1A set, internal control (IC), adenovirus (AdV),
metapneumovirus (MPV), coronavirus 229E (229E), parainfluenza virus 1 (PIV1), parainfluenza virus 2 (PIV2), and
parainfluenza virus 3 (PIV3) were used as controls. In the RV 1B set, internal control (IC), influenza A (Flu A), influenza B (Flu
B), RSV B, rhinovirus A (Rh A), RSV A, and coronavirus OC43 (OC43) were used. For each set: lane 1 = coronavirus 229E;
lanes 2 and 3 = RSV B; lane 4 = adenovirus; lane 5 = MPV; lane 6 = Flu A; lane 7 = negative control.

Table 1. Patient characteristics. Table 2. Comparison of viral culture with IF and Seeplex RV
(S-RV) assays for detection of 8 major respiratory viruses.?
Characteristics Number of patients
Seeplex RV Viral culture with IF
Gender (S=RV) Positive Negative Total
Male 26
Female 24 Positive 24b 9¢ 33
Age Negative 1d 16 17
<6yr 42
6-18yr 3 Total 25 25 50
> 18 yr 5
2 The 8 major respiratory viruses were influenza virus type A
Type of Specimen and B, parainfluenza virus type 1, 2, 3, respiratory syncytial
Nasopharyngeal aspirate 46 virus (RSV) type A and B, and adenovirus.
Nasopharyngeal swab 1 b More than 1 virus detected with S-RV in 2 specimens:
Throat swab 1 influenza B + parainfluenza 1; RSV type B + adenovirus.
Tracheal aspirate 2 ¢ More than 1 virus detected with S-RV in 1 specimen:

influenza B + adenovirus.
d Parainfluenza virus detected only by viral culture and IF.

Table 3. Comparison of the viral culture and Seeplex RV assays with clinical data for the 10 patients with discordant results.

Patient  Gender/Age Specimen Viral culture Seeplex RV assay Clinical diagnosis
1 M/28 mo NPA Neg RSV B Pneumonia
2 F/5 yr NPA Neg PIV3 Acute lymphadenitis
3 M/9 mo NPA Neg PIV3 Acute bronchiolitis
4 F/25 mo NPA Neg PIV3 Pneumonia
5 M/17 mo NPA Neg Adenovirus, influenza B Acute pharyngitis
6 M/3 mo NPA Neg PIV3 Acute bronchiolitis
7 Fl4 yr NPA Neg Influenza B Acute pharyngitis
8 F/3 yr NPA Neg PIV3 Pneumonia
9 F/33 mo NPA Neg Influenza A Pneumonia
10 M/3 mo NPA PIV Neg Pneumonia

NPA, nasopharyngeal aspirate; Neg, negative; PIV3, parainfluenza type3.
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from female patients. Forty-two specimens were
from patients under the age of 6 yr; 3 samples were
from patients 6 to 18 yr old; 6 samples were from
patients above 18 years old. Most specimens (46
cases) were from nasopharyngeal aspirates, and the
rest were from a nasopharyngeal swab (1), a throat
swab (1), or tracheal aspirates (2).

Seeplex RV vs viral culture assays for 8 major
respiratory viruses. The same 50 clinical specimens
were tested for respiratory viruses by the S-RV and
VC-IF assays. A concomitant comparison between
VC-IF and S-RV was performed only for 8 major
respiratory viruses (influenza virus type A and B,
parainfluenza virus type 1, 2, 3, respiratory
syncytial virus type A and B, and adenovirus). VC-
IF assay results revealed 25 positive samples. Among
these positive samples, only 1 sample was S-RV-
negative, and the virus identifies by VC-IF was
parainfluenza (Table 2). Twenty-five samples were
VC-IF-negative as measured for 7 days. The clinical
diagnosis of the VC-IF-positive, S-RV-negative
case was pneumonia. S-RV also detected double
infection in 2 VC-IF-positive clinical specimens:
influenza B and parainfluenza 1 for influenza B
VC-IF-positive, and RSV type B and adenovirus
for adenovirus VC-IF-positive.

In 25 VC-IF-negative samples, S-RV detected
10 respiratory viruses from nine clinical specimens:
five parainfluenza virus 3, two influenza B, one
influenza A, one RSV, and one adenovirus. From
one sample two different viruses (adenovirus and
influenza B) were identified (Table 2). Six of the
nine S-RV-positive and VC-IF-negative cases were
diagnosed as acute bronchiolitis or pneumonia

(Table 3).

Seeplex RV assays for 4 additional respiratory
viruses. The S-RV assay includes additional viruses
(thinovirus, coronavirus 229E, coronavirus OC43,
and metapneumovirus), so we identified 8 more
viruses (3 rhinovirus, 3 coronavirus, and 2 meta-
pneumovirus) from 8 specimens. Four of these 8
cases had a double infection: one coronavirus 229E
+ parainfluenza 3, one coronavirus OC43 +
adenovirus, one rhinovirus + RSV A, and one
rthinovirus + adenovirus. Two metapneumovirus,
one rhinovirus, and one coronavirus were suspected

as single infections. The clinical diagnoses of the
metapneumovirus- and rhinovirus-positive cases
were pneumonia. The diagnosis of the coronavirus-
positive case was maxillary sinusitis.

Discussion

Influenza virus type A and B, parainfluenza virus
type 1, 2, 3 (PIV I, PIV 11, PIV III), respiratory
syncytial virus (RSV) type A and B, and adenovirus
are frequently isolated in acute respiratory infection
patients in Korea [6]. Laboratory diagnoses of these
infections have been made by virus culture, direct
fluorescent-antibody (DFA), immunochromato-
graphic (ICG) assay, multiplex RT-PCR, or real
time PCR [9,10,13,16-18].

Rapid detection of respiratory viruses is
important with the advent of antiviral drug therapy.
The availability of a rapid viral diagnostic assay will
enable physicians to make more accurate treatment
decisions, reduce unnecessary antimicrobial agent
use, and shorten hospital stays for patients. A
conventional virus culture requires up to 7 days
observation time for cytopathic effect. Immuno-
peroxidase staining of the cultures with monoclonal
antibodies speeds viral identification, with results
usually available within 48 hr [14]. Other rapid
tests, such as the DFA test and the ICG assay, have
been shown to provide very rapid results, but have
low sensitivity; 87.6% for the DFA assay and 43.8—
64.9% for the ICG assay [16-18].

PCR methods have been introduced with
debatable sensitivity. Liolios et al [9] reported that
a reverse transcription-PCR-enzyme hybridization
assay method was 100%-sensitive and 93%-
specific. The recently developed reverse transcriptase
multiplex PCR system, Seeplex RV, needs only 6 hr
of assay time: 1 hr for RNA/DNA extraction, 2 hr
for reverse transcription, and 3 hr for PCR and
agarose gel detection. In omparison toaconventional
virus culture, the results can be obtained within 1
workday and 2 workdays can be saved. Moreover,
the ability to detect coronavirus and rhinovirus,
major causative organisms of upper respiratory
tract infections, is helpful for differential diagnosis
of lower respiratory tract infections.

In the present study, the detection rate of
respiratory viruses by S-RV was better than that by
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the R-mix viral culture method. These results are
consistent with those of other studies that used RT-
PCR assays for respiratory viral infections [9,10]. In
our study, S-RV detected 96% of viral culture-
positive clinical samples and 9 additional positive
samples, which were missed by the R-mix virus
culture method. S-RV can be especially useful
when the viral load is low or when the virus is not
replication-competent.

Human metapneumovirus has been identified
as a causative agent of lower respiratory tract
infections in children [19,20]. Detection of meta-
pneumovirus is difficult and the virus culture is not
performed routinely in clinical laboratories. Chung
et al [21) reported that 12.1% of children with
acute respiratory tract disease were infected with
human metapneumovirus in Korea [21]. In the
present study, for 2 metapneumovirus-positive
samples, the clinical diagnoses were pneumonia. In
both of these cases, metapneumovirus was a possible
causative viral agent. The medical histories for a
rhinovirus-positive and a coronavirus-positive
patient were reviewed, but the patients were not
found to have respiratory disease. For these cases,
upper respiratory tract colonization might influence
the results obtained with S-RV. Seven cases of
double infection were detected only by use of S-RV,
suggesting a more widespread clinical applicability
of this system.

An intrinsic limitation of the PCR method is
that it is unable to discriminate between a dead or
alivevirusand thislimitation needs to be considered
in the interpretation of the method’s results. In our
study, in 3 of the 9 cases that were positive only by
the S-RV assay, the clinical diagnosis was an upper
respiratory infection.

For 1 VC-IF-positive, S-RV-negative case, re-
testing of S-RV was impossible due to lack of the
specimen. Specimens for S-RV were stored for up
to 4 mo, whereas relatively fresh specimens were
used for VC-IF. Specimen storage conditions might
cause false negative results in S-RV.

In conclusion, the S-RV assay is rapid, highly
sensitive, and able to detect a double infection.
Therefore, the clinical use of S-RV will be helpful
in diagnosis and early treatment of viral respiratory
infections in children, especially when the clinical
symptoms are taken into consideration.

Acknowledgement

This study was supported by Grant No. K0619051
from Korea University Medical School.

References

1. Denny FW, Clyde WA, Jr. Acute lower respiratory tract
infections in nonhospitalized children. J Pediatr 1986;
108:635-646.

2. Shay DK, Holman RC, Newman RD, Liu LL, Stout
JW, Anderson LJ. Bronchiolitis-associated hospital-
izations among US children, 1980-1996. JAMA 1999;
282:1440-1446.

3. Shay DK, Holman RC, Roosevelt GE, Clarke M],
Anderson LJ. Bronchiolitis-associated mortality and
estimates of respiratory syncytial virus-associated deaths
among US children, 1979-1997. ] Infect Dis 2001;183:16-
22.

4. Ahn KM, Chung SH, Chung EH, Koh YJ, Nam SY,
Kim JH, Son JA, Park JY, Lee NY, Lee SI. Clinical
characteristics of acute viral lower respiratory tract
infections in hospitalized children in Seoul, 1996-1998.
J Korean Med Sci 1999;14:405-411.

5. Glezen P, Denny FW. Epidemiology of acute lower
respiratory disease in children. NEJM 1973;288:498-
505.

6. Kim MR, Lee HR, Lee GM. Epidemiology of acute viral
respiratory tract infections in Korean children. J Infect
2000;41:152-158.

7. Arden KE, McErlean P, Nissen MD, Sloots TP, Mackay
IM. Frequent detection of human rhinoviruses, para-
myxoviruses, coronaviruses, and bocavirus during acute
respiratory tract infections. ] Med Virol 2006;78:1232-
1240.

8. Counihan ME, Shay DK, Holman RC, Lowther SA,
Anderson LJ. Human parainfluenza virus-associated
hospitalizations among children less than five years of
agein the United States. PediatrInfect Dis]2001;20:646-
653.

9. Liolios L, Jenney A, Spelman D, Kotsimbos T, Catton
M, Wesselingh S. Comparison of a multiplex reverse
transcription-PCR-enzyme hybridization assay with
conventional viral culture and immunofluorescence
techniques for the detection of seven viral respiratory
pathogens. ] Clin Microbiol 2001;39:2779-2783.

10. Falsey AR, Formica MA, Treanor JJ, Walsh EE.
Comparison of quantitative reverse transcription-PCR
to viral culture for assessment of respiratory syncytial
virus shedding. J Clin Microbiol 2003;41:4160-4165.

11. Habib-Bein NF, Beckwith WH, 3rd, Mayo D, Landry
ML. Comparison of SmartCycler real-time reverse
transcription-PCR assay in a public health laboratory
with direct immunofluorescence and cell culture assays
in a medical center for detection of influenza A virus. |
Clin Microbiol 2003;41:3597-3601.

12. Falsey AR, Formica MA, Walsh EE. Diagnosis of
respiratory syncytial virus infection: comparison of



46

13.

14.

15.

16.

Annals of Clinical & Laboratory Science, vol. 38, no. 1, 2008

reverse transcription-PCR to viral culture and serology
in adults with respiratory illness. ] Clin Microbiol 2002;
40:817-820.

van de Pol AC, Wolfs TF, Jansen NJ, van Loon AM,
Rossen JW. Diagnostic value of real-time polymerase
chain reaction to detect viruses in young children
admitted to the paediatric intensive care unit with lower
respiratory tract infection. Crit Care 2006;10:R61.
Barenfanger J, Drake C, Mueller T, Troutt T, O’Brien J,
Guttman K. R-Mix cells are faster, at least as sensitive
and marginally more costly than conventional cell lines
for the detection of respiratory viruses. J Clin Virol
2001;22:101-110.

Chun JY, Kim KJ, Hwang I'T, Kim Y], Lee DH, Lee IK,
Kim JK. Dual priming oligonucleotide system for the
multiplex detection of respiratory viruses and SNP
genotyping of CYP2C19 gene. Nucleic Acids Res 2007.
Chan EL, Brandt K, Horsman GB. Comparison of
Chemicon SimulFluor direct fluorescent antibody stain-
ing with cell culture and shell vial direct immuno-
peroxidase staining for detection of herpes simplex virus
and with cytospin direct immunofluorescence staining
for detection of varicella-zoster virus. Clin Diagn Lab
Immunol 2001;8:909-912.

17.

18.

19.

20.

21.

Fader RC. Comparison of the Binax NOW Flu A enzyme
immunochromatographic assay and R-Mix shell vial
culture for the 2003-2004 influenza season. J Clin
Microbiol 2005;43:6133-6135.

Cazacu AC, Chung SE, Greer ], Demmler GJ.
Comparison of the directigen flu A+B membrane enzyme
immunoassay with viral culture for rapid detection of
influenza A and B viruses in respiratory specimens. J
Clin Microbiol 2004;42:3707-3710.

Al-Sonboli N, Hart CA, Al-Aghbari N, Al-Ansi A,
Ashoor O, Cuevas LE. Human metapneumovirus and
respiratory syncytial virus disease in children, Yemen
Emerg Infect Dis 2006;12:1437-1439.

Cheng MF, Chen BC, Kao CL, Kao CH, Hsieh KS, Liu
YC. Human metapneumovirus as a causative agent of
lower respiratory tract infection in four patients: the first
report of human metapneumovirus infection confirmed
by RNA sequences in Taiwan. Scand J Infect Dis 2006;
38:392-396.

Chung JY, Han TH, Kim BE, Kim CK, Kim SW,
Hwang ES. Human metapneumovirus infection in
hospitalized children with acute respiratory disease in
Korea. ] Korean Med Sci 2006;21:838-842.



