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Respiratory syncytial virus (RSV) accounts for the majority of respiratory virus infections, producing high
mortality rates in immunocompromised patients with hematologic malignancies. The available methods for the
rapid detection of RSV by antigen detection or PCR either lack sensitivity, require complex laboratory
manipulation, or have not been evaluated in this patient population. To assess the applicability of a TaqMan-
based real-time PCR technique for the detection of RSV A and B in immunocompromised adults, we developed
a rapid, sensitive detection method that simultaneously detects RSV A and B and can be applied in routine
diagnostics. The specificity of the assay was assessed using a panel of reference strains of other respiratory
viruses and RSV. Electron microscopy-counted stocks of RSV A and B were used to develop a quantitative PCR
format. Eleven copies of viral RNA could be detected for RSV A strain Long, and 14 copies could be detected
for RSV B strain 9320, corresponding to 50% tissue culture infective doses of 0.86 and 0.34, respectively. The
assay was evaluated on 411 combined nose and throat swabs derived from immunocompromised adults with
or without signs of respiratory tract infection. The diagnostic efficacy of the TaqMan PCR determined on the
clinical samples showed that this real-time PCR technique was substantially more sensitive than the combi-
nation of conventional viral culture and shell vial culture. None of the clinical specimens derived from patients
without signs of respiratory illness were found to be positive for RSV by real-time TaqMan PCR.

Respiratory syncytial virus (RSV) has long been recognized
as a major cause of respiratory tract infection in infants and
young children (14). More recent studies have shown that
those at risk for developing serious disease following RSV
infection also include the elderly, adults with underlying car-
diopulmonary disease, and the severely immunocompromised
(3, 4, 7, 17, 21, 25, 26). Compared with pneumonias caused by
other respiratory viruses, RSV pneumonias are associated with
the highest mortality rates in bone marrow transplant recipi-
ents and leukemia patients (25, 27).

Children are known to shed RSV in high titers for up to
several weeks, whereas shedding of virus in adults and the
elderly is presumed to be of relatively low titer and short
duration (8). Consequently, laboratory techniques such as con-
ventional cell culture and antigen detection assays that are
suitable for diagnosis in young children are hampered by lack
of sensitivity in older patients (6). Even serologic analysis may
not always be reliable in certain patient groups because of their
impaired immune response.

To overcome this lack of sensitivity and to obtain more rapid
diagnostic results, a number of different PCR techniques have
been developed (16, 22). Recently, van Elden et al. described
a substantial increase in the detection of respiratory viruses
involved in pneumonia in patients with hematologic malignan-

cies by use of nested PCR methods (20). Reverse transcription-
PCR (RT-PCR) has also been proven to be more sensitive
than viral culture in adults with or without cardiopulmonary
disease with respiratory illness and is a well-considered alter-
native for the rapid diagnosis of RSV infection (5).

However, RT-PCR and nested PCR are difficult to imple-
ment in a routine diagnostic setting because they need time-
consuming sample handling and post-PCR analysis, often re-
quiring specific detection methods and posing serious hazards
for amplification product carryover. The current development
of real-time PCR methods would seem to overcome these
problems (19, 24). A recent study used real-time RT-PCR and
immunofluorescence with nasopharyngeal aspirates derived
from children that contained moderate to low levels of RSV
and showed that the sensitivities of the two methods were more
or less equal, indicating that the advantage of real-time PCR in
children consists primarily of the automated analysis of results
and the possibility of direct virus quantification (10).

RSV infection can have devastating consequences in pa-
tients treated for leukemia (26). Since specimens derived from
children are known to contain high viral loads and the recovery
rates for RSV are generally lower in adult patients, we were
interested to see whether the increased sensitivity of real-time
PCR would also provide more clinical benefit in immunocom-
promised adults.

The purpose of our study was to assess the applicability of a
TaqMan-based real-time PCR technique for the detection of
RSV A and B in immunocompromised adults. Therefore, we
compared real-time PCR with conventional cell culture, shell
vial culture, and our in-house nested PCR. To determine the
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clinical value of the assay, specimens were taken from symp-
tomatic as well as asymptomatic patients.

MATERIALS AND METHODS

Virus stocks. RSV A strain Long was propagated on human embryonic lung
fibroblast cells, and RSV B strain 9320 was propagated on HEp-2 cells at 35°C
in Eagle’s minimal essential medium supplemented with 0.01 M HEPES, 0.084%
bicarbonate, 100 U of penicillin and streptomycin/ml, 0.625 �g of amphotericin
B (Fungizone)/ml, and 0.2 M glutamine (Foundation for the Advancement of
Public Health and Environment, Bilthoven, The Netherlands). After develop-
ment of a cytopathic effect, the supernatant was harvested and the virus particle
count of each stock was determined by quantitative electron microscopy (EM)
(Advanced Biotechnologies Inc., Columbia, Md.). As previously described, a
well-defined panel of various respiratory viruses provided by the Laboratory for
Virology, National Institute for Public Health and the Environment (Bilthoven,
The Netherlands), was used to determine the specificity of the real-time quan-
titative PCR (19). In addition, 16 strains of wild-type RSV obtained from suc-
cessive seasons were tested.

Clinical specimens. From October 1999 through November 2002, a prospec-
tive surveillance study was carried out with a group of patients (n � 73) who
underwent autologous or allogeneic stem cell transplantation. Combined nose
and throat (NT) swabs were collected at set time points and during episodes of
upper or lower respiratory tract symptoms. The majority of the samples were
obtained from patients who participated in this study. The other clinical samples
were collected from patients (n � 17) known to have hematologic malignancies
who had signs of respiratory tract infection. In addition, 30 combined NT swabs
from healthy, asymptomatic volunteers were collected. All NT samples were
placed on ice immediately after collection and transported in 5 ml of virus
transport medium to the laboratory within 2 h. There, the samples were vortexed
for 10 s and centrifuged at 2,000 � g for 15 min. One milliliter of the supernatant
was used directly for virus culturing. The remaining material was stored at �70°C
until RNA extraction.

Diagnostic methods for the routine detection of RSV. For shell vial cultures,
100 �l of clinical specimen was inoculated on tertiary rhesus monkey kidney cells
grown in flat-bottom tubes, centrifuged for 1 h at 2,000 � g, and incubated for
2 days at 33°C. Then, usually before a cytopathic effect could be noticed, cells
were fixed and stained with virus-specific monoclonal antibodies (Dako Imagen).
Immunofluorescence microscopy was used to detect RSV. For routine viral
cultures, 100 �l of each clinical specimen was inoculated on HEp-2 cells, R-
HELA cells, and tertiary rhesus monkey kidney cells and incubated at 33°C for
a maximum of 10 days with 100 �l of each clinical sample. In cultures showing a
cytopathic effect, virus was identified by immunofluorescence with commercial
monoclonal antibodies (Dako Imagen) for RSV.

Viral RNA isolation and cDNA synthesis. RNA extraction was performed by
using a MagnaPure LC total nucleic acid kit (Roche Diagnostics, Mannheim,
Germany). Briefly, 10 to 100 �l of clinical specimen or EM-counted virus stock
was mixed with lysis buffer and proteinase K and subsequently incubated with
magnetic particles to allow binding of the nucleic acids. Unbound material was
removed by several washing steps. The RNA was then eluted either in 100 �l of
40-ng/�l poly(A) RNA before one-tube RT-PCR was performed (13) or in 100 �l
of elution buffer and directly used for cDNA synthesis and real-time TaqMan PCR.

The isolated viral RNA was reverse transcribed using MultiScribe reverse
transcriptase and random hexamers (TaqMan reverse transcription reagents;
ABI). Each 50-�l reaction mixture contained 10 �l of eluted RNA, 5 �l of 10�
RT buffer, 5.5 mM MgCl2, 500 �M concentrations of each of the deoxynucleo-
side triphosphates, 2.5 �M random hexamer, and 20 U of RNase inhibitor (all
from Applied Biosystems International). The cDNA synthesis was performed as

described previously (19), and the cDNA was stored at �70°C until real-time
TaqMan PCR.

In-house nested PCR. A nested PCR was performed for RSV A and B.
One-tube RT-PCR was followed by a second (nested) amplification. First-round
amplification primers and nested primers were defined in the N gene (first-round
primer set RS-1 [5�-GGATTGTTTATGAATGCCTATGGT-3�] and RS-2 [5�-
TTCTTCTGCTGTYAAGTCTARTACAC-3�] and second-round primer set
RS-3 [5�-GGATTCTACCATATATTGAACAA-3�] and RS-4 [5�-CTRTACTC
TCCCATTATGCCTAG-3�]). The RT-PCR and nested PCR conditions were
applied as described by M. Nijhuis et al. (13) by using a PE 9600 thermocycler
(Perkin-Elmer). PCR products were visualized on an ethidium bromide-stained
agarose gel by using UV illumination. A 100-bp marker was used to control
fragment lengths.

Real-time TaqMan PCR. Primers and probes for both RSV A and B were
selected using primer express software (PE Applied Biosystems) and were based
on the highly conserved genomic regions of the N gene. To provide subgroup
analysis, type-specific primers and probes were chosen for RSV A and B. The
forward and reverse primers (RSA-1, RSA-2, RSB-1, and RSB-2) and probes
(RSA probe and RSB probe) used are listed in Table 1. Primers and probes were
tested for possible interactions to make sure that they could be used together in
a multiplex assay. After optimization of primer and probe concentrations, sam-
ples were assayed in duplicate in a 25-�l reaction mixture containing 5 �l of
cDNA, 12.5 �l of 2� TaqMan universal PCR master mix (PE Applied Biosys-
tems), 900 nM concentrations of each forward primer, 900 nM concentrations of
the reverse primers, and 200 nM concentrations of each of the probes. The
fluorogenic probes that can be labeled with different fluorogenic dyes were
both labeled with the 5� reporter dye 6-carboxy-fluorescein (FAM) and the 3�
quencher dye 6-carboxy-tetramethyl-rhodamine (TAMRA). Amplification and
detection were performed with an ABI Prism 7700 sequence detection system
under the following conditions: 2 min at 50°C to attain optimal AmpErase
uracil-N-glycosylase activity, 10 min at 95°C to activate the AmpliTaq Gold DNA
polymerase, and 45 cycles of 15 s at 95°C and 1 min at 60°C.

During amplification, the ABI Prism sequence detector monitored real-time
PCR amplification by quantitatively analyzing the fluorescence emissions. The
reporter dye (FAM) signal was measured relative to the internal reference dye
(ROX) to normalize for non-PCR-related fluorescence fluctuations occurring
from well to well. The threshold cycle number represented the refractional cycle
number at which a positive amplification reaction was measured and was set at
10 times the standard deviation of the mean baseline emission calculation for
PCR cycles 3 to 15.

RESULTS

Specificity and sensitivity. The specificity of the real-time
TaqMan PCR was assessed by testing a variety of other
respiratory viruses (rhinoviruses 1A and 14, coronaviruses
OC43 and 229E, parainfluenza viruses 1 to 4, influenza vi-
ruses B/Lee/40 and A/PR/8/34, and enteroviruses CVA9 and
CVA11) and a panel of 16 wild-type RSV strains circulating at
consecutive seasons. All of the RSV strains but none of the
other respiratory viruses were found to be positive by real-time
TaqMan PCR. No fluorescent signal was observed in 30 spec-
imens collected from healthy adults without symptoms of re-
spiratory infection.

The sensitivity of the assay was determined by comparing

TABLE 1. Selected primers and probes for the TaqMan amplification of viral RNA from RSV A and B

RSV type (target) Primer or probe Sequence Nucleotide positiona

A (N gene) RSA-1 5� AGATCAACTTCTGTCATCCAGCAA 1137
RSA-2 5� ATTGATACTCCTAATTATGATGTGC 1192
RSA probe 5� CACCATCCAACGGAGCACAGGAGAT 1164

B (N gene) RSB-1 5� AAGATGCAAATCATAAATTCACAGGA 1248
RSB-2 5� CACTATAAAGATACTTAAAGATGCTGGATATCA 1318
RSB probe 5� AGGTATGTTATATGCTATGTCCAGGTTAGGAAGGGAA 1279

a Primer and probe positions correspond to the RSV A sequence with GenBank accession no. M11486 and the RSV B sequence with GenBank accession no. D00736.
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real-time PCR results with results from (i) EM particle count-
ing and (ii) a virus infectivity assay. RSV A Long and RSV B
9320 were first counted by EM and subsequently titrated by
serial dilution. The 50% tissue culture infective doses (TCID50s),
calculated by the Kärber formula, were 1.0 � 106 and 3.2 �
105/ml, respectively, corresponding to 1.28 � 107 and 1.30 �
107 viral particles, respectively.

A 10-fold dilution series of the two strains was then ampli-
fied using the real-time PCR assay, indicating detection limits
of 11 particles of RSV A Long and of 14 particles of RSV B
9320. This level of sensitivity correlated with TCID50s of 0.86
for RSV A Long and 0.34 for RSV B 9320.

Detection of viruses in clinical samples. TaqMan-based real-
time RT-PCR has been shown to be a rapid, sensitive, and
specific assay for the detection of RSV A and B in children. To
assess the applicability of a real-time PCR assay in immuno-
compromised adults, the assay was evaluated on combined NT
swabs collected from patients with hematologic malignancies.
A total of 411 NT samples from 90 patients were tested by
real-time TaqMan PCR, an in-house nested PCR, conven-
tional culture, and shell vial culture. Of the 411 samples, 168
(41%) were obtained during an episode of suspected upper or
lower respiratory tract infection and 243 (59%) were taken
during an asymptomatic period. Overall, RSV was identified in
a total of 13 (3.2%) specimens (Table 2). Of these RSV-
positive specimens, only four (31%) were detected by cell cul-
ture and none were detected by shell vial culture. All samples
positive by real-time PCR were confirmed by the in-house
nested PCR (100%). All four culture-positive samples were
found to be positive by the TaqMan-based real-time PCR
assay. Interestingly, none of the 243 samples taken during a
symptom-free period were found to be positive for RSV by any
of the applied methods. The TaqMan-based real-time PCR
was found to be about 70% more sensitive than culture in this
specific patient population. The number of viral RNA copies in
the clinical samples was determined by extrapolation to a stan-
dard curve generated upon amplification of serial dilutions of
the EM-counted virus stocks. Results of the quantification of
the clinical specimens are shown in Fig. 1. Samples with a viral
load above 108 viral particles/ml (threshold cycle below 30)
could also be detected by virus culture. Surprisingly, one sam-
ple with a viral load of 1.4 � 105 viral particles/ml could be
detected by culture as well.

DISCUSSION

Our study shows that the TaqMan real-time PCR can be
used as a rapid and sensitive diagnostic tool for the detection

of RSV in immunocompromised adults. The study confirms
the lack of sensitivity of viral culture for RSV in the adult
population. Moreover, our data indicate that the detection of
RSV by nested PCR and TaqMan real-time PCR is superior to
that by shell vial culture as well.

The group which we studied, consisting mainly of immuno-
compromised patients who recently underwent a stem cell
transplantation, was relatively small. We consequently ac-
quired only a small proportion of RSV-positive samples. The
proportional contribution of RSV infection in our study does
not differ, however, from that in other studies. In two large
epidemiological studies, the estimated frequencies of different
respiratory viruses causing respiratory infection in the immu-
nocompromised host showed that the contribution of RSV
varies between 1.5 and 15% (12, 27).

Both shell vial culture and conventional virus culture are
well-established standard techniques that are used routinely in
laboratories for the detection of respiratory viruses in adults
(11, 15). Rapid laboratory methods such as direct antigen de-
tection are often used for point-of-care diagnosis of RSV in-
fection in infants and children (18, 23). In adults, these meth-
ods have been shown to be unreliable, partly because of the
sampling methods and partly because of the common belief
that adults tend to shed less virus (2). Our study shows poor
results for the conventional virus culture and the shell vial
culture, although every effort was made to optimize sample
handling, such as transporting samples on ice and processing
samples within 2 h. It has been reported before that the use of
RT-PCR in adults with respiratory illness can double the num-
ber of RSV infections detected compared to viral culture (5).
The type of specimen collection may be another explanation

FIG. 1. Amount of virus particles of RSV A and B that could be
detected in the clinical specimens (n � 13). The filled circles represent
the clinical samples detected by real-time TaqMan PCR only, whereas
the open circles represent the clinical samples detected by both virus
culture and real-time TaqMan PCR.

TABLE 2. Comparison of conventional culturing, shell vial
culturing, in-house nested PCR, and real-time TaqMan PCR

for the detection of RSV in 411 clinical specimens

Method

No. of RSV-positive samples

During period of
symptoms (n � 168)

During symptom-free
period (n � 243)

Conventional culture 4 0
Shell vial culture 0 0
In-house nested PCR 13 0
Real-time TaqMan PCR 13 0
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for the poor results with virus culture. In accordance with
general experience, we found that the majority of sometimes
very ill, immunocompromised patients did not consent to the
collection of nasal wash specimens. Therefore, we decided to
only evaluate combined NT swabs, which are generally inferior
to nasal wash specimens for the detection of RSV by viral
culture. Our results indicate that conventional culture as well
as shell vial culture might not be suitable for the identification
of low viral loads. The majority of culture-positive samples
contained a viral load above 108 viral particles/ml (threshold
cycle below 30), whereas viral loads in the lower ranges were
mainly detected by the TaqMan real-time PCR assay.

RT-PCR has proven to be a sensitive method for the detec-
tion of RSV infection in adults with respiratory illness (5).
Because PCR-based diagnostics offer excellent potential for
rapid diagnosis, with substantial consequences such as more
rapid clinical intervention through therapy and infection con-
trol measures, their use has gained interest over the last couple
of years. Yet although immunocompromised patients and chil-
dren are known to shed virus for a long period of time and
RT-PCR methods have been found to be extremely sensitive,
the clinical interpretation of a positive result is considered to
be difficult (1, 9). To our knowledge, none of the published
reports have analyzed control specimens by RT-PCR to ex-
clude false-positive results and evaluate viral RNA detection
shedding in immunocompromised adult patients during symp-
tom-free episodes. We did not find any clinically false-positive
result for RSV in the specimens taken at set symptom-free
moments.

In conclusion, we have shown that TaqMan real-time PCR is
a sensible and sensitive method for the rapid diagnosis of RSV
infection in immunocompromised adults that can be easily
implemented in a routine diagnostic setting. It represents a
significant improvement over existing virus detection methods
for this patient group at risk for serious RSV infection.
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