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Clinical Evaluation of Multiplex Real-Time PCR
Panels for Rapid Detection of Respiratory
Viral Infections
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Respiratory viral infections are one of the leading
causes of morbidity and mortality, particularly in
children, the elderly and immunocompromised
persons. Rapid identification of viral etiology is
critical in ruling out non-viral infections, initiating
antiviral treatment and limiting the spread of the
infection. Multiplex assays of more than one viral
gene target in a single tube have the advantage
of rapid screening of a large number of potential
viral pathogens in a short time. A multiplex real-
time PCR assay was used in this study for detec-
tion of respiratory RNA and DNA viral infections
in 728 specimens received from 585 adult and
pediatric patients comprised of symptomatic
and asymptomatic organ transplant recipients
and non-recipients for diagnosis of respiratory
illnesses and for routine clinical monitoring.
Multiplex PCR was more sensitive than the multi-
plex immunofluoresence culture assay (R-mix)
and also detected additional respiratory viruses
that were not covered by the R-mix panel. The
number of respiratory viruses detected in symp-
tomatic patients was significantly higher than
asymptomatic patients in both adult and
pediatric patients. Herpesviral infections were
the predominant cause of lower respiratory tract
infection in the organ transplant recipients,
whereas respiratory syncytial virus was the
most common pathogen in non-transplant
patients particularly children. Multiplex real-time
PCR for detection of respiratory viruses has the
potential for rapid identification of viral patho-
gens. In this era of emerging viral infections,
addition of newer viral targets to the multiplex
PCR panels will be beneficial in determining
both patient management and public health
epidemiology. J. Med. Virol. 84:162–169,
2012. � 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Respiratory viral infections are responsible for a
spectrum of disease severity ranging from mild, un-
complicated illness to severe, complicated viral pneu-
monias. Disease severity can be affected by various
host and viral predisposing factors such as age, im-
mune-status of the host, single or mixed infections
and virulence mechanisms of the viral pathogen. The
common respiratory viruses causing infections are in-
fluenza A and B viruses, respiratory syncytial virus
(RSV), parainfluenza viruses (PIV), coronaviruses
(CoV), and adenovirus (AdV). Newly emerging respi-
ratory viral pathogens include swine origin influenza
A H1N1, human metapneumovirus (hMPV), and hu-
man bocavirus (hBoV) particularly in pediatric
patients [Lu et al., 2006; Dare et al., 2007; Gordon,
2009; Scalera and Mossad, 2009]. Immunocompro-
mised hosts such as organ transplant recipients are
often infected with opportunistic herpesviruses.
Therefore, rapid screening for respiratory viral patho-
gens is critical to allow timely therapeutic decisions
and limit pathogenesis.

A commercial, rapid viral culture and direct fluores-
cence antigen (viral culture/DFA) multiplex detection
method (R-mix) is used commonly by many clinical di-
agnostic laboratories including ours for respiratory vi-
ral detection [St. George et al., 2002]. However,
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though relatively rapid, this technique is limited to
detection of only a few of the common respiratory
viruses. One of the advancements of the polymerase
chain reaction (PCR) assay is multiplex real-time
PCR which allows detection of multiple RNA and
DNA targets in a single tube [van Elden et al., 2004].
In this study, a multiplex real-time PCR assay was
developed targeting respiratory RNA and DNA virus-
es to assess its utility as a rapid molecular screening
tool for clinical diagnosis. With this assay, a variety
of respiratory viruses causing symptomatic and
asymptomatic infections was identified in organ trans-
plant and non-organ transplant adult and pediatric
patients.

MATERIALS AND METHODS

Specimen Collection

This concurrent prospective study was approved by
the University of Pittsburgh Institutional Review
Board. During December 2006–March 2007, residual
respiratory specimens received for viral culture/DFA
at the University of Pittsburgh Medical Center, Clini-
cal Virology Laboratory, were stored in a lysis buffer
for nucleic acid isolation and multiplex PCR testing. A
total of 728 specimens were collected from 585 adult
and pediatric patients, of whom 258 were organ trans-
plant recipients. Clinical information on all patients
was collected for correlation with laboratory data.
Upper respiratory tract infection was defined as clini-
cal symptoms of rhinorrhea, sore throat or cough with
or without fever, without evidence of dyspnea and
abnormalities in chest X-ray. Lower respiratory tract
infection was defined as presence of dyspnea and or
clinical evidence of pulmonary pathology on chest
X-ray along with fever or cough [Machado et al.,
2003]. Patients presenting without apparent respira-
tory symptoms were defined as asymptomatic. Most of
these latter specimens were obtained from organ
transplant recipients as routine surveillance cultures.
The pediatric age group included specimens from
neonates (0–4 weeks) to children up to 18 years of
age.

Viruses and Positive Control Nucleic
Acid Material

Prequantitated influenza A and influenza B viruses
and human cytomegalovirus (CMV) and human
herpesvirus 6 (HHV-6) DNA were obtained from
Advanced Biotechnologies (Columbia, MD). Coronavi-
ruses 229E (hCoV-229E) and OC43 (hCoV-OC43) with
known TCID50 titers were purchased from ATCC
(Manassas, VA) (VR-740 and VR-1558). Clinical iso-
lates of PIV-1, PIV-2, PIV-3, AdV, RSV, and herpes
simplex virus 1 (HSV-1) were derived in the Clinical
Virology Laboratory and titered for 50% tissue culture
infectious dose (TCID50) [Reed and Muench, 1938].
The plasmid construct of hBoV DNA was kindly pro-
vided by Dr. Dean Erdman (CDC, Atlanta, GA) and

that for hMPV RNA was generated in the laboratory
as previously described [Dare et al., 2007].

Nucleic Acid Extraction

Isolation of viral nucleic acid from control material
and patient specimens was done using an EasyMag
automated extractor (bioMérieux, Durham, NC)
according to the manufacturer’s instructions. Briefly,
200 ml of specimen was mixed with lysis buffer
(bioMerieux) for 15 min, to which a fixed volume and
concentration of equine arteritis virus (EAV; 106.25

TCID50/ml) was added as an internal control for RNA
extraction and amplification, followed by addition of
magnetic silica as per the manufacturer’s instruc-
tions. The nucleic acid was eluted in 60 ml elution
volume and stored at �808C until further processing.

Multiplex Real-Time PCR

Multiplex one-step PCR was performed in six
panels as shown in Table I. Previously published, vi-
rus-specific primer and probe nucleotide sequences
were used for PIV-1, PIV-2, PIV-3, hMPV, EAV (inter-
nal control), hCoV-229E, hCoV-OC43, CMV-US17,
HHV-6, and hBoV [Locatelli et al., 2000; Balasuriya
et al., 2002; Templeton et al., 2004; van Elden et al.,
2004; Kuypers et al., 2006; Lu et al., 2006; Dare et al.,
2007; Sanghavi et al., 2008]. Influenza A, influenza B,
influenza A-H1, and influenza A-H3 primer and probe
sequences were available from the CDC through the
Laboratory Response Network (http://www.bt.cdc.gov/
lrn/). The probes were labeled with either 6-FAM,
CAL Fluor Red 590 or Quasar 670 reporter dyes
(Biosearch Technologies, Novato, CA). Primer and
probe sequences are as shown in Table I. Each PCR
reaction consisted of 25 ml volume with 12.5 ml of 2�
Quantitect multiplex RT-PCR NR master mixes with
RT-enzyme, for RNA viral targets and 2� Quantitect
multiplex PCR NR master mixes for DNA viral tar-
gets (Qiagen, Valencia, CA). Concentrations of primer
and probes for viral targets in each panel were
optimized for sensitivity and are shown in Table I.
Multiplex PCR reaction mixes were supplemented
with 0.1 ml/reaction of AmpliTaq Gold DNA polymer-
ase. PCR thermal cycling conditions for RNA PCR
were optimized to the following conditions: 20 min at
508C for reverse transcription, 15 min at 958C and
45 cycles of 45 sec at 948C, and 1.15 min at 608C. PCR
thermal cycling conditions for DNA PCR were: 2 min
at 508C, 15 min at 958C and 45 cycles of 1 min at
948C and 1.3 min at 608C. Detection was performed
using the ABI 7500 Real-Time PCR Instrument
(Applied Biosystems, Foster City, CA).

Viral Culture and Antigen Detection by
Viral Culture/DFA

Two R-Mix shell vials containing a mixed mono-
layer of mink lung cells (strain Mv1Lu) and human
adenocarcinoma cells (strain A549) were inoculated
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with 200 ml of clinical specimen according to the
manufacturer’s instructions (Diagnostic Hybrids,
Athens, OH). Briefly, following incubation at 358C the
R-Mix shell vials were screened by staining coverslips
with a pool of respiratory virus fluorescent antibodies
(AdV, influenza A and B viruses, RSV, PIV 1, 2, and
3) (Bartels, Issaquah, WA) according to the manufac-
turer’s instructions. Positive specimens were further
identified with the second R-Mix shell vial by staining
with virus-specific monoclonal antibodies.

For CMV culture and staining, sterile one-dram
vials containing MRC-5 human lung fibroblast cells
on coverslips (DHI) were used as described [St.
George and Rinaldo, 1994]. Briefly, the vials were in-
oculated with 200 ml of prepared sample, centrifuged
and incubated at 30–368C. After incubation, coverslips
were washed, fixed and the cell monolayers were
stained with 0.2 ml anti-CMV monoclonal antibody
(MAB810; Millipore, Billerica, MA) and counter-
stained with fluorescein isothiocyanate-labeled goat
antimouse immunoglobulin G conjugate with Evans
blue dye (B1029-86B; Bartels Trinity Biotech, James-
town, NY). Positive samples exhibited an apple green
fluoresence detailing the nuclei of CMV.

For HSV cultures, tubes containing MRC5 (human
fetal lung fibroblast) or MRHF (human foreskin fibro-
blast), and A549 (human lung carcinoma) cells, were
used (DHI). The tubes were inoculated with 0.2–
0.5 ml of prepared sample, placed in horizontal posi-
tion and incubated (adsorption step) at 35–378C for
60–90 min. The inoculum was then removed and the
tubes fed with fresh maintenance media (Eagle’s min-
imum essential medium with 2% fetal bovine serum).
The tube cultures were returned to their horizontal
position in the 35–378C incubator, and observed for
cytopathic effect (CPE) for 24 hr up to 7 days post-in-
oculation. HSV cultures were observed for character-
istic CPE as rounded and ballooned cells, with or
without syncytia.

Statistical Analysis

Student’s t-test was used to determine statistical
significance (P < 0.05).

RESULTS

Analytical Sensitivity and Specificity

Assay performance and sensitivities were deter-
mined by using serial dilutions of known quantities of
viruses and viral RNA. The sensitivity for each target
in multiplex PCR assays was similar to that obtained
by singleplex PCR for individual viral targets. The
lower limit of detection of multiplex PCR was as
follows: influenza A ¼ 50 viral particle units per milli-
liter (VPU/ml); influenza B ¼ 100 VPU/ml; RSV ¼
5 TCID50/ml; PIV-1 ¼ 5 � 101.5 TCID50/ml; PIV-
2 ¼ 5 � 10�0.75 TCID50/ml; PIV-3 ¼ 5 � 10�1.25

TCID50/ml; hCoV 229E ¼ 5 � 10�1.5 TCID50/ml; hCoV
OC43 ¼ 5 � 10�0.5 TCID50/ml; AdV ¼ 0.5 TCID50/ml;

HSV-1 ¼ 5 � 10�0.75 TCID50/ml; hMPV ¼ 30 RNA
copies/ml; CMV ¼ 15 DNA copies/ml; HHV-6 ¼ 45
DNA copies/ml; hBoV ¼ 1 DNA copy/ml. Amplification
was specific for target viral genes, and non-specific
amplification was not observed when tested with
viruses in the same panel and those in other panels,
as well as with HIV-1. Randomly selected 10 PCR
positive/R-mix negative discrepant specimens were
confirmed by DNA sequencing of purified PCR
products. In addition, an alternate multiplex nucleic
acid detection kit (Multicode-PLx System, Eragen
Biosciences, Madison, WI) using the Luminex
(Austin, TX) detection platform was used to assay 200
specimens in parallel with our multiplex PCR assay.
The Eragen assay detects influenza A, influenza B,
RSV, PIV-1-4, hCoV 229E, hCoV OC43, hCoV NL63,
AdV, hMPV, and rhinovirus. Both of these multiplex
PCR assays detected five influenza A, one influenza
B, 28 RSV, two PIV-2, four PIV-3, three hMPV, one
CoV-229E, five CoV OC43, and seven AdV in the
same specimens. Our multiplex PCR also detected
one RSV, one PIV-1, six hMPV, two CoV-229E,
and five AdV positive specimens, and missed detec-
tion of one PIV-2 infection, compared to the Eragen
assay.

Patient Characteristics

This study was comprised of both adult (n ¼ 337)
and pediatric (n ¼ 248) patient populations. A total of
728 specimens were collected from total of 585
patients. Of this 585 patients, 258 were stem cell and
solid organ transplant recipients (adults ¼ 232; pedia-
tric ¼ 26) while the remaining 327 patients did not
undergo organ transplantation (adults ¼ 105; pedia-
tric ¼ 222) and comprised of both hospitalized
patients and out-patients. Among organ transplant
recipients, most specimens were from lung transplant
(n ¼ 149) followed by stem cell transplant (n ¼ 36)
recipients. Clinical symptoms ranged from asymptom-
atic to mild upper respiratory tract infection to severe
lower respiratory tract infection.

Comparison of Multiplex PCR With R-Mix

The multiplex PCR was more sensitive than R-mix
and also detected additional respiratory viruses that
were not included in the R-mix panel (Table II). Out
of 405 total positives, multiplex PCR detected 126
(27.9%) more positives than R-mix and an additional
147 (36%) viral infections not covered by the R-mix
culture.

Among community acquired viral infections, RSV
(n ¼ 78) was the most common etiologic agent, fol-
lowed by AdV (n ¼ 36) and influenza A virus (n ¼ 23).
All 23 influenza A virus positives were further tested
for human influenza A strain H1, H3, N1, and N2
subtypes of which 21 were H1/N1 and two were H3/
N2 positives. Among the respiratory viruses not cov-
ered by R-mix, significant infections were caused by
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hMPV, CoV and the recently identified hBoV. CMV
and HHV-6 were detected most frequently in organ
transplant recipients.

Viral Infections in the Adult Population

Clinical significance of the viral infections was
determined by analyzing the clinical data from symp-
tomatic and asymptomatic patients. In adult organ
transplant recipients, CMV, HHV-6, and HSV-1 were
found to be significantly associated with lower respi-
ratory tract infection (Table III). Surprisingly, in this
group, RSV was also found to have a strong associa-
tion with upper and lower respiratory tract infections.
Influenza A virus and AdV also caused significant
infections in organ transplant recipients. In the
non-transplant recipient adult patients, in addition to
influenza A virus, RSV and AdV, hMPV and CoV
were significantly associated with mild or severe
respiratory infections. CMV, HHV-6, and HSV-1 were
also significantly associated with symptomatic respi-
ratory infections in apparently immunocompetent
adults.

Viral Infections in Children

In contrast to the adult patient population, herpes-
viruses CMV, HHV-6, and HSV-1 were not associated
with respiratory infection in transplant and non-
transplant recipient pediatric patients. In non-
transplant recipients, community acquired viruses
such as influenza A virus, RSV, and hBoV were the
predominant etiologic agents of respiratory infections,
while none were significantly associated with respira-
tory infections in organ transplant recipients
(Table III).

Co-Infections

Out of 728 specimens tested, dual viral infections
were detected in 76 (10.4%) specimens (Table IV),
while triple viral infections were found in 10 (1.3%)
specimens (data not shown). Most of these co-infec-
tions were associated between RSV and AdV (n ¼ 11),
CMV and HHV-6 (n ¼ 10), and RSV and CMV
(n ¼ 6). Triple infections between CMV/HHV-6/HSV-1
(n ¼ 4) were more common among adult transplant
recipients (data not shown).

DISCUSSION

Respiratory infections are one of the major causes
of morbidity and mortality. With newly emerging
respiratory viral infections, about 20–30% of viral
etiologies go undetected either due to lack of assay
sensitivity or a limited number of viruses detectable
by conventional methods [Freymuth et al., 1987]. In
this study, the use of an in-house, multiplex real-time
PCR assay was evaluated as a diagnostic tool for rap-
id detection of viral respiratory tract infections and
correlated the findings with clinical symptoms and
viral culture.

The multiplex PCR assay had several advantages
over the conventional viral culture/DFA (R-mix) and
tube culture detection methods. First, similar to other
studies [Kim et al., 2009; Murali et al., 2009], the
multiplex PCR detected more viruses than viral cul-
ture/DFA. The sensitivity of this multiplex PCR was
found to be comparable to singleplex PCR for individ-
ual viruses and higher than viral culture/DFA detec-
tion. The reason for this higher sensitivity is that
PCR detects lower titers of viral genomes as well as
viruses that are not replication competent [Liolios
et al., 2001]. Second, viruses that were not included in

TABLE II. Respiratory Viruses Detected by Multiplex RT-PCR and Culture and DFA (Total Number of Specimens: 728)

Virus

Positive by

R-mix
(or tube culturea) only Multiplex RT-PCR only

Both [Multiplex RT-PCR
and R-mix (or tube culturea)]

Flu A 0 6 17
Flu B 0 0 6
RSV 0 65 13
PIV-1 0 2 1
PIV-2 0 0 0
PIV-3 0 11 4
AdV 0 29 7
CMVa 0 61 15
HSV-1a 0 18 3
Total 0 192 66
hMPV NA 21 NA
hCoV-229E NA 4 NA
hCoV-OC43 NA 27 NA
hBoV NA 24 NA
HHV-6 NA 71 NA
Total NA 147 NA

NA, not applicable.
aFor CMV and HSV-1, tube culture was not performed on all specimens.
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the R-mix culture panel such as hMPV, hBoV, HHV-
6, and hCoV could also be detected by the multiplex
PCR assay. Since this study was carried out before
the emergence of the swine-origin influenza A H1N1
virus pandemic, our multiplex PCR did not include

primers for this target. However in 2009, the multi-
plex PCR assay was modified for detection of swine-
origin influenza A H1N1. We found it to be highly
sensitive and specific for detection of the three pre-
dominant influenza viruses, that is, using the

TABLE III. Respiratory Viral Infections in Symptomatic and Asymptomatic Patient Populations

Specimens Organ transplant recipients Non-transplant recipients

Adults
(n ¼ 429)

Symptomatic (n ¼ 105)
Asymptomatic

(n ¼ 176) P-value

Symptomatic (n ¼ 79)
Asymptomatic

(n ¼ 69) P-valueURTI LRTI URTI LRTI

Flu A 1 2 0 0.01 1 2 0 0.05
Flu B 0 0 0 NA 1 1 0 NS
RSV 8 9 3 <0.001 3 1 0 0.03
PIV-1 0 0 0 NA 0 0 0 NA
PIV-2 0 0 0 NA 0 0 0 NA
PIV-3 2 1 1 NS 1 1 1 NS
hMPV 1 3 2 NS 2 1 0 0.05
hCoV-229E 0 0 2 NS 0 0 1 NS
hCoV-OC43 3 2 3 NS 2 2 0 0.03
AdV 4 2 2 0.01 1 2 0 0.05
hBoV 0 0 4 NS 1 1 2 NS
CMV 0 42 12 <0.0001 0 15 5 0.02
HHV-6 0 29 11 <0.0001 0 20 3 <0.001
HSV-1 0 7 1 <0.001 0 10 3 0.04

Pediatric 299

Symptomatic (n ¼ 31)

Asymptomatic (n ¼ 7) P-value

Symptomatic (n ¼ 202)

Asymptomatic (n ¼ 59) P-valueURTI LRTI URTI LRTI

Flu A 0 0 0 NA 14 3 0 <0.001
Flu B 0 0 0 NA 2 2 0 0.02
RSV 2 2 0 NS 19 25 6 <0.01
PIV-1 1 0 0 NS 0 2 0 NS
PIV-2 0 0 0 NA 0 0 0 NA
PIV-3 1 0 0 NS 4 2 1 NS
hMPV 0 1 0 NS 4 6 1 NS
hCoV-229E 0 0 0 NA 1 0 0 NS
hCoV-OC43 1 1 0 NS 6 4 3 NS
AdV 1 0 2 NS 10 7 5 NS
hBoV 2 0 0 NS 10 3 1 0.02
CMV 0 1 0 NS 1 0 0 NS
HHV-6 0 1 0 NS 1 3 3 NS
HSV-1 0 0 0 NA 0 0 0 NA

NA, not applicable; NS, not significant; URTI, upper respiratory tract infection; LRTI, lower respiratory tract infection.

TABLE IV. Dual Respiratory Viral Infections Detected by Multiplex Real-Time RT-PCR

Flu A Flu B RSV PIV-1 PIV-2 PIV-3 AdV hMPV hCoV 229E hCoV OC43 CMV HHV6 HSV-1 hBoV

Flu A NA 0 0 0 0 0 0 0 0 1 0 1 0 2
Flu B NA 0 0 0 0 0 0 0 0 0 0 0 0
RSV NA 0 0 1 11 2 0 4 2 5 0 5
PIV-1 NA 0 1 0 0 0 0 0 0 0 0
PIV-2 NA 0 0 0 0 0 0 0 0 0
PIV-3 NA 0 0 0 2 1 1 0 0
AdV NA 1 0 2 0 2 0 1
hMPV NA 0 0 1 0 0 2
hCoV 229E NA 0 1 1 0 0
hCoV OC43 NA 3 1 0 0
CMV NA 10 4 3
HHV-6 NA 2 1
HSV-1 NA 0
hBoV NA

NA, not applicable.
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multiplex PCR assay 2,992 swine H1N1 virus, 324
influenza A H3N2 virus and 300 influenza B virus
infections were detected in 18,920 specimens from
April, 2009 through April, 2011 (unpublished results).
Thus, this multiplex assay can be modified according
to the needs of the clinicians and the laboratory
to add new viruses in the detection panel following
simple optimization and validation studies.

A lower number of respiratory viral infections were
noted in immunocompetent compared to immunocom-
promised adults. It has been suggested that respirato-
ry viral infections in immunocompromised patients
differ from immunocompetent patients by higher viral
replication leading to increased viral shedding
[Leung et al., 2005; Camps Serra et al., 2008]. Com-
pared to some other studies [Templeton et al., 2004;
Hindiyeh et al., 2005], our multiplex PCR had rela-
tively lower sensitivity. However, more respiratory
viral infections were detected in the symptomatic
group than in asymptomatic immunocompetent
adults, indicating true active infections. The overall
positivity rate of multiplex PCR was 46.5%, which is
comparable to that reported by others (Gadsby et al.,
2010). Among the positives, 78.4% were from symp-
tomatic patients and 25% from asymptomatic
patients. A significant association was also observed
between symptomatic respiratory illness and positive
viral detection.

Most of the adult patients comprised of immuno-
compromised organ transplant recipients, while the
pediatric patients were mostly non-organ transplant
recipients with respiratory complaints. The spectrum
of viral isolates differed between adult and pediatric
patients as well as between organ transplant and
non-transplant recipients. Herpesviral infections
CMV, HHV-6, and HSV-1 were more predominant in
adult organ transplant recipients, whereas RSV was
present predominantly in pediatric non-transplant
patients. These opportunistic herpesviruses were also
associated significantly with lower respiratory tract
infection in non-organ transplant recipients and ap-
parently immunocompetent hosts. The significance of
these herpesviral infections, which are known to
cause life-long, latent/reactivated infections, needs to
be evaluated further. Detection of RNA transcripts
and/or antigens or determining viral load using quan-
titative PCR for these viruses will help in detecting
replicating viruses. These herpesviruses have been
reported previously to cause pneumonitis in immuno-
competent adults, underlying their role in communi-
ty-acquired pneumonias [Karakelides et al., 2003;
Merk et al., 2005; Rafailidis et al., 2008]. In the pres-
ent study, RSV was also significantly associated with
symptomatic respiratory infections in organ trans-
plant recipients. RSV and other community viral
infections have been reported to be important causes
of morbidity and mortality in immunocompromised
transplant recipients [Muir and Pillay, 1998; Nichols
et al., 2001]. It is therefore possible that the conven-
tional viral culture/DFA (R-mix) method missed

detection of some viruses causing severe infections in
immunocompromised and immunocompetent patients.

An advantage of the PCR-based assay was detection
of co-infections with two or more respiratory viruses
which are usually missed by viral culture/DFA
(R-mix). A range of 5–40% multiple infections have
been reported [Guittet et al., 2003] but the clinical sig-
nificance of these infections is not well understood.
One plausible reason for this could be that residual,
persistent viral nucleic acid, particularly viral DNA,
from past infection was co-detected by the highly sen-
sitive multiplex PCR assay. In the present study, RSV
was found to be associated more often with co-infec-
tions in community acquired viral infections. It has
been suggested that RSV-associated dual infections
usually lead to increased severity of clinical illness
[Aberle et al., 2005]. In the adult organ transplant
recipients, CMV and HHV-6 dual infections and triple
infections with CMV, HHV-6, and HSV-1 were
detected more commonly. A detailed study, including
virus quantitation, is required to determine the
clinical significance of these multiple viral infections.
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