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Rationale: Recently, respiratory syncytial virus (RSV) RNA has been
identified by reverse transcriptase-polymerase chain reaction (RT-
PCR) from a high percentage of patients with stable chronic obstruc-
tive pulmonary disease (COPD). These data raise the possibility of
persistent low-grade infection in this population, which could have
implications in COPD pathogenesis.

Objectives: RSV persistence was investigated by testing respiratory
secretions from subjects with COPD during illness and at regular
intervals over 1 yr.

Methods: Nasal and sputum samples from subjects with COPD were
tested by one-tube nested RT-PCR for RSV every 2 mo and during
respiratory illnesses for 1 yr. Subjects positive for RSV were evalu-
ated weekly until negative in two consecutive samples. Nasal secre-
tions and serum were tested for RSV antibody. A rise of fourfold
or greater was defined as evidence of RSV infection.

Results: A total of 112 patients were enrolled and the illnesses of
92 patients were evaluated. RSV was detected by RT-PCR in 6/92
(6.5%) illness nasal samples versus 0/685 routine nasal samples and
in 5/69 (7.2%) iliness sputum samples versus 3 /315 (0.9%) routine.
Four additional RSV infections were identified by serum antibody
responses. Of the RSV infections 86% were associated with serum
or nasal antibody responses and 73% had symptoms of acute respi-
ratory illness.

Conclusions: Most RSV infections in patients with COPD are associ-
ated with symptomatic respiratory illnesses and measurable im-
mune responses. Our data do not support the concept of RSV persis-
tence in this population.
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Chronic obstructive pulmonary disease (COPD) is a group of
disorders characterized by airflow obstruction that can be associ-
ated with breathing-related symptoms such as chronic cough,
dyspnea, and wheezing (1). It is estimated that approximately
24 million adults in the United States have impaired lung func-
tion due to COPD. During 2000, COPD was responsible for
8 million physician office visits, 1.5 million emergency room visits,
726,000 hospitalizations, and 119,000 deaths. Recurrent acute
exacerbations of COPD contribute substantially to the morbidity
and mortality of this condition and may be due to infections
with bacteria, viruses, or both (2-4). In studies of COPD exacer-
bation, respiratory syncytial virus (RSV) has been identified with
variable frequency ranging from 0.8 to 22% depending on the
diagnostic methods used (5-16). Recently investigators from the
United Kingdom and Germany identified RSV RNA by reverse
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transcriptase—polymerase chain reaction (RT-PCR) from a high
percentage (24-28%) of patients with stable COPD as well as
from ill patients experiencing acute exacerbations (17, 18). RSV
detection was associated with elevated markers of inflammation
and typically was at low copy number. These data have called
into question the utility of RT-PCR for the diagnosis of acute
RSV infection in patients with COPD and raised the possibility
of persistent low-grade RSV infection in this population. The
latter possibility, if confirmed, could have important implications
in the pathogenesis of COPD.

In our laboratory, we have developed a sensitive and specific
real-time, one-tube nested RT-PCR for the diagnosis of RSV
in adults (19, 20). Because the assay is performed without open-
ing the reaction tube, PCR contamination has been markedly
reduced while the sensitivity of a nested assay is retained. There-
fore, we sought to explore the question of RSV persistence in
patients with COPD by testing upper- and lower-respiratory-
tract secretions at regular intervals over 1 yr in a cohort of
subjects with COPD.

METHODS

Subjects

Volunteers were recruited from pulmonary practices and rehabilitation
programs and were eligible if they were 40 yr or older, had a diagnosis
of COPD by a physician, had no history of asthma, and were past or
active smokers. Informational letters inviting participation were mailed
to potential subjects with a diagnosis of COPD by their pulmonary
physicians or the director of the pulmonary rehabilitation center. All
subjects provided written informed consent before enrollment. The
study was approved by the Rochester General Hospital and the Univer-
sity of Rochester Research Subjects Review Board.

Study Design

Subjects were enrolled between July and October of 2004 and were
followed for 12 mo. Participants underwent an enrollment visit and
routine visits every 2 mo (a total of seven visits). In addition, subjects
were evaluated for respiratory illnesses that were defined as the pres-
ence of any of the following symptoms: nasal congestion, sore throat,
hoarseness, new or increased-from-baseline cough, sputum production,
dyspnea, and wheezing. Respiratory samples were collected weekly
from subjects testing positive for RSV during an illness until the subjects
were RSV negative during 2 consecutive weeks. RSV-positive subjects
also collected daily sputum samples at home between weekly visits if
possible.

Enrollment

Medical history, medication use, and functional data were collected
and results of pulmonary function tests were recorded if available.
Subjects underwent a directed respiratory physical exam. A nasal-swab
sample was collected from a subject by gently rubbing the nasal turbi-
nates for 5 s with a moistened cotton-tip swab and placed in 2 ml of
sterile water. Expectorated sputum was collected from those who could
provide it, however, sputum samples were not induced. A baseline
serum was collected from all subjects.
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Routine Visits

Subjects were asked to collect their first morning expectoration and
return the sample with each routine visit. Nasal swabs and blood samples
were obtained at the time of each routine visit. Participants were ques-
tioned about any active respiratory symptoms at the time of the visit
or in the preceding week.

lliness Visits

During a clinic or home visit, nasal and serum samples were collected
from ill subjects, as was expectorated sputum if possible. Data on
symptoms, functional impact, medication changes, and health care utili-
zation were collected. Convalescent blood was obtained 4 to 6 wk after
illness.

Laboratory Testing

Samples from illness visits were tested weekly with samples from routine
visits interspersed in a random fashion. RT-PCR assays were performed
blinded with regard to specimen type (illness vs. routine). All specimens
were tested by nested RT-PCR and those positive for RSV underwent
quantitative RT-PCR analysis. Sputum Gram stains were performed
to assess the adequacy of samples using standard criteria. All nasal and
sputum specimens were aliquoted and frozen and stored at —80°C
within 24 h after arrival in the laboratory.

RSV Single-Tube Nested RT-PCR

Group-specific real-time assay was performed by a one-tube nested RT-
PCR method as previously described (19, 21). The lower limit of detec-
tion is 0.01-0.05 pfu/ml for RSV group A or B or for one copy of RNA.

RSV Quantitative RT-PCR

The quantitative assay for group A and B RSV utilizes the inner primers
and probes for the above nested RT-PCR (21). The lower limit of
detection for the assay is 1 to 10 pfu/ml.

RSV Serology

Serum IgG. The titer of IgG in serum to the RSV fusion protein (F)
and attachment proteins (Ga, Gb) was determined using established
methods (22). A greater-than-fourfold rise in titer to any of the RSV
antigens was considered diagnostic of recent infection.

Nasal IgA. The titer of nasal IgA to F, Ga, and Gb was determined
using published methods (23). Total protein in each nasal sample was
determined (Micro BCA, Rockford, IL) and nasal IgA was corrected
to a total protein of 100 wg/ml.

Genetic Analysis

The PCR products from the F gene RT-PCR amplification were purified
by agarose gel electrophoresis and extraction (QIA Quick Gel Extrac-
tion Kit; Qiagen, Valencia, CA). Nucleotide sequencing was done on
an automated sequencing machine (ABI Model 3100) using the
negative-sense amplification primer (5 CTCTGTCAGTTCTTG 3').
Nucleotides corresponding to F gene bases 742 to 931 were compared by
alignment. The sequence of the RSV 18,537 F gene (accession number
D00334) was used as a base number reference (24).

Statistical Analysis

The x* and Fisher’s exact tests were used to compare proportions.
Means from normally distributed data were compared with the Student’s
t test. A Mann-Whitney test was used to compare nonparametric paired
samples.

RESULTS

Enrollment included 112 subjects and 95 completed the study.
During the year 9 subjects dropped out of the study due to ill
health and 8 died. Of the subjects, 86 (77%) made all seven
routine visits and 102 (91%) made four or more visits. Most
subjects (97%) were under the care of a pulmonary specialist.
Subjects had a mean of 54 pack-years of smoking history and
48% complained of chronic sputum production (Table 1). Many

TABLE 1. SUBJECT CHARACTERISTICS

Total Enrolled RSV Positive

(n=112) (n=14)
Age, mean * SD 72 =10 75 =11
Female, % 51 57
White, % 97 97
Exposed to children, % 62 73
Active smokers 13 0
Pack-years, mean = SD 54 + 30 42 + 23
Influenza vaccine, % 97 100
Pneumococcal vaccine % 97 100
FEV;,% predicted 44 + 19 39 + 12
Chronic sputum, % 47 43
Oral steroids, % 20 36
Inhaled steroids, % 67 86
Home oxygen, % 47 57

Definition of abbreviation: RSV = respiratory syncytial virus.

subjects used inhaled steroids (67%), chronic oral steroids
(20%), or home oxygen (47%). For 65 subjects (58%) pulmo-
nary function test results were available; in this subset the mean
FEV, was 44 £ 19% of predicted.

Overall, 685 routine evaluations were performed, yielding
685 nasal samples and 315 sputum samples for RT-PCR analysis.
RSV RNA was detected in 0 of the 685 nasal and in 3 (0.9%)
of the 315 sputum samples (Table 2). During the 12-mo follow-up
period, 134 respiratory illnesses were reported, of which 92
(69% ) were evaluated during the acute phase with the collection
of 92 nasal and 69 sputum samples. Ill subjects were evaluated
an average of 2.9 = 1.6 d after onset of symptoms, and six nasal
(6.5%) and five sputum (7.2%) samples were RT-PCR positive.
The RSV detection rate in acute illness samples was significant
greater than in routinely obtained nasal (p < 0.0001) and sputum
samples (p = 0.006). Overall, 30% of the 384 sputum samples
were judged to be adequate, 44% adequate but contaminated,
and 26% inadequate.

From RT-PCR and serology, 14 subjects showed evidence of
RSV infections with 1 subject showing evidence of two infections
(Table 3) Seven infections were RT-PCR positive and associated
with a greater-than-fourfold rise in serum or nasal antibody,
three were RT-PCR positive only, and four were identified by
serologic response only. Of the 15 RSV infections, 11 were identi-
fied during illness visits (subjects 1-10), including both infections
in subject 1. The latter subject had two RT-PCR positive illnesses
approximately 2 mo apart, the second one associated with sero-
conversion. Of the four RSV-infected subjects with clinically
unrecognized infection, three were identified by a positive spu-
tum RT-PCR collected on routine visits (subjects 12-14). Of
these three, one had no symptoms, one complained of increased
cough at the time of the visit, and the other complained of feeling
unwell with increased dyspnea for 1 wk preceding the visit.
However, neither of the latter two subjects perceived a “new
respiratory illness” warranting an illness evaluation at the time
of the positive RT-PCR sample collection. One of these subjects

TABLE 2. RESPIRATORY SYNCYTIAL VIRUS REVERSE
TRANSCRIPTASE-POLYMERASE CHAIN REACTION RESULTS

+/No. Tested (%)

Samples lliness Routine p Value
Nasal 6/92 (6.5) 0/685 (0) < 0.0001
Sputum 5/69 (7.2) 3/315(0.9) 0.006
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TABLE 3. SUMMARY OF RESPIRATORY SYNCYTIAL
VIRUS-POSITIVE SUBJECTS
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TABLE 4. RESPIRATORY SYNCYTIAL VIRUS TITERS IN
SYMPTOMATIC SUBJECTS

Serum IgG Nasal IgA Day after
Subject No. lliness RT-PCR Rise Rise Subject lliness Onset Nasal Viral Load Sputum Viral Load
1 12/30/04 + 0 0 1 (illness 1) 6 281 NA*
1 3/7/05 + 8-fold 4-fold 15 0 NA
2 12/31/04 + 16-fold 32-fold 22 0 NA
3 1/5/05 + 0 4-fold 1 (illness 2) 1 0 23,700
4 1/12/05 + 16-fold 16-fold 7 0 0.01
5 10/13/04 + 16-fold 16-fold 15 0 0
6 1/21/05 + 32-fold 8-fold 22 0 0
7 4/23/05 + 4-fold 16-fold 2 5 0 128,000
8 2/4/05 0 16-fold 4-fold 15 0.01 153
9 1/14/05 0 8-fold 32-fold 17 NA 142
10 6/13/05 0 8-fold 4-fold 18 NA 15.5
11 Routine visit, fall 2004 0 16-fold 8-fold 21 NA 0.01
12 Routine visit, 12/7/04 + 32-fold 4-fold 22 0 NA
13 Routine visit, 1/31/05 + 0 0 29 0 0
14 Routine visit, 5/6/05 + 0 0 31 NA 0
33 0 NA
Definition of abbreviation: RT-PCR = reverse transcriptase-polymerase chain 3 1 747 NA
reaction. 9 0 NA
16 0 NA
4 7 106 156,000
14 0.16 9,090
. . . 19 NA 0.01
(sub]ect' .12) demonstrated a serologic response at the time of 21 101 0.01
the positive RT-PCR. 22 NA 0.01
Quantitative RT-PCR was performed on all positive nasal 26 NA 0
and sputum samples and expressed as pfu/ml of sample (Table 4). 28 0 0
The mean peak viral load by quantitative RT-PCR was 38,620 + 35 0 0
64,750 pfu (range, 2-156,000) in illness samples and 82 = 140 5 3 216 NA
. . 15 0.10 329
(range, 0.01-250) in routine samples. Due to the small numbers 2% o NA
and the wide range of values, this difference was not statistically 34 0 NA
significant. The viral load of RSV RNA in nasal samples was 6 3 3.4 27.4
lower than in sputum in almost all instances. In 9 of 11 nasal 10 0 9.92
and sputum pairs collected simultaneously, the sputum viral load 11 NA 0.01
was higher than the nasal (p = 0.008, Mann-Whitney test). In 1;’ Eﬁ 8'81
addition, sputum samples remained positive longer than nasal 17 0 0
samples (13.8 = 7.6 vs. 10.1 = 7.3 d) although this difference 18 NA 0
was not significant. 20 NA 0
All RT-PCR positive samples were collected between October 24 0 0
and May, with clear clustering in January (Figure 1), and all 31 0 0
were group B by strain-specific RT-PCR, including both illness 7 52 (1)'83 NOAm
samples from subject 1. Sequences of the 190 nucleotide ampli- 62 NA 0

fied F gene segment from these two samples were both consistent
with the B1 genotype, although they differed by 2 nucleotides
at positions 713 A/G and 916 A/G.

The subjects who were identified as RSV positive by RT-
PCR orserology did not differ significantly from subjects who did
not have RSV in age, sex, smoking status, pulmonary function, or
steroid use (Table 1). The clinical characteristics of the 11 RSV
illnesses are outlined in Table 5. Most subjects were moderately
ill with complaints of increased cough (100%), sputum (45%),
and dyspnea (73%). Only 1 of 11 had symptoms limited to the
upper respiratory tract. At least one office visit was made by
73 % of the subjects and one subject was hospitalized for 3 d.
On average, subjects were unable to perform their activities of
daily living for 9 d. Evaluated by standards set forth by Anthon-
sien and colleagues for acute exacerbation of COPD, 91% of
those with an identified illness met exacerbation criteria (25).

The subject who experienced two symptomatic RSV B infec-
tions was moderately ill with nasal congestion, cough, dyspnea,
and wheezing lasting 3 to 4 wk during both episodes. The first
illness occurred on December 31, 2004, with an evaluation 4 d
later. Nasal RT-PCR was positive with a viral load of 247 pfu
and sputum was unavailable. This episode was not associated
with a serologic response. The second illness occurred on March
7, 2005, and she had repeatedly negative nasal specimens with

Definition of abbreviation: NA = not available.

*Because some subjects were unable to produce sputum at the time of the
evaluations and because some subjects collected sputum at home between visits,
not all nasal and sputum samples are part of simultaneously matched pairs.

positive sputum over a 2-wk period. The initial viral load in
the sputum was 23,700, and this episode was associated with a
eightfold rise in serum IgG and fourfold rise in nasal IgA RSV
titers. Routine evaluations of both nasal and sputum specimens
in April, June, and August 2005 were all negative. Throughout
this period, she used nasal and inhaled corticosteroids as well
as oral prednisone at 2 mg/d.

DISCUSSION

The concept that latent viral infections play a role in the patho-
genesis of COPD has potentially significant implications for the
management of this disease. Although it is generally accepted
that certain DNA viruses, such as adenovirus, can integrate
into the host cell and produce latent infection, the possibility of
chronic infection with the common RNA respiratory viruses is
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Figure 1. Distribution of respiratory synctial virus (RSV)
cases by month of identification. Cases associated with

iliness and reverse transcriptase—polymerase chain reaction
(RT-PCR) positive nasal or sputum specimens are shown
in black. Cases associated with illness and serologic re-
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sponse but RT-PCR negative nasal or sputum specimens
are shown in gray. Asymptomatic RSV infections identified

a7

_7_ N

by RT-PCR are shown by diagonally lined bars. One asymp-
tomatic infection identified by serology during the fall of
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less certain (26). Several animal studies suggest that latent infec-
tion with RSV is possible. RSV proteins and genomic RNA have
been detected in the lungs of experimentally infected guinea pigs
2 mo after infection and persistent infection of B lymphocytes by
bovine RSV has also been demonstrated (27, 28). More recently,
Schwarze and colleagues have recovered low levels of infectious
virus from the lungs of T-cell-depleted mice 150 d after the
initial intranasal infection (29). Evidence for RSV latency in
humans is limited. RSV RNA has been detected in archived
lung tissue from infants who died in summer months, raising the
question of viral persistence (30). More compelling, two recent
studies of patients with COPD reported detectable RSV RNA
in 24 to 28% of respiratory samples, regardless of whether sam-
ples were collected during illness or stable periods (17, 18). In
addition, RSV RNA has also been detected by real-time RT-
PCR in 70% of a small group of symptom-free smokers (31).
In some studies, RSV RNA was identified on multiple occasions
in the same subjects. Interestingly, both RSV RNA detection
and elevated inflammatory markers were associated with a faster
rate of decline in FEV,, suggesting a link between persistent
low-grade infection and progression of COPD (32).

In our study, the identification of RSV RNA in respiratory
samples from patients with COPD was most often associated an
acute exacerbation and a measurable serum and mucosal im-
mune response. However, clearly there is also a spectrum of
disease ranging from asymptomatic infection or mild coryza to
severe illness requiring hospitalization. In only three cases did
we detect RSV RNA in respiratory secretions collected during
routine visits.

The subjects with no symptoms and a robust immune re-
sponse undoubtedly had asymptomatic infection. For the three
subjects in whom viral RNA was identified at low copy number
from a single specimen without a demonstrable immune re-
sponse (subject 1, illness 1, and subjects 13 and 14), it must

TABLE 5. RESPIRATORY SYNCYTIAL VIRUS ILLNESS
CHARACTERISTICS

Characteristic No. (%) (n=1T)
Symptom
Nasal congestion 7 (64)
Sore throat 3(27)
Cough 11 (100)
Sputum 5 (45)
Dyspnea 8 (73)
Wheeze 9 (82)
Impact
Office visit 8 (73)
Hospitalization 1(9)
Days unable to do ADLs, mean *+ SD) 9+13
Days of illness, mean * SD 24 =12

Definition of abbreviation: ADLs = activities of daily living.

2004 is not displayed because it could not be assigned to
a specific month.

be questioned whether true “infection” has occurred. Possible
explanations for these episodes include laboratory contamina-
tion of the RT-PCR assay, “aborted infection,” or low-grade
persistence of RSV. Although all samples with low copy number
or those found during routine visits were confirmed by repeat
testing, contamination of the original sample cannot be excluded
with absolute certainty. “Aborted infection” seems the most
plausible explanation since the organism was cleared without
resulting in symptoms or an immune response. It is conceivable
that some pathogen encounters are successfully eliminated in the
early phases by the host innate immune response or preexisting
mucosal antibody. The fact that RSV RNA was only identified
in sputum and not nasal samples in two of these three cases
argues somewhat against this possibility. Low-grade persistence
seems an unlikely alternative explanation given the clear winter
temporal clustering of the RSV positive cases and that no subject
had the same RSV RNA identified on more than one occasion.

One subject in our study had the same genotype of RSV
identified 2 mo apart. Prolonged shedding of RSV has been
described in a number of immunosuppressive conditions such
as corticosteroid use and HIV infection (33). Because our subject
used inhaled and oral corticosteroids on a chronic basis, pro-
longed infection was possible. However, the identification of two
nucleotide differences in a conserved portion of the F gene in
the two specimens most likely represents two different strains
of RSV B1. Thus, reinfection, which has been well documented
in children, seems the most likely explanation for this finding
although chronic infection with the development of quasi-species
cannot be ruled out without more complete sequencing data
(34).

Our results are clearly different from those of previous re-
ports that describe a high percentage of patients with stable
COPD with detectable RSV RNA at low copy number. Possible
explanations for this discrepancy include: different study popula-
tions, variable sensitivities of RT-PCR methodology, and assay
contamination. Our study has several limitations that could have
potentially affected the results. Because spirometry was not
available for all patients, it is possible that the study population
contained some subjects who did not have COPD and thus were
not at risk for persistent RSV. Because 97% of the subjects were
under the care of a pulmonary specialist we feel that this was
unlikely. Another limitation of our study is that we did not
have freshly induced sputum specimens from all subjects, raising
concerns that viral RNA may have degraded during specimen
transport. Although this is a valid concern, we have found that
sputum samples may be frozen and thawed multiple times with
no significant diminution in viral load. In addition, all nasal
specimens were collected during clinic visits and processed im-
mediately. The failure to identify RSV in significant numbers of
subjects with stable COPD seems not to be due to an insensitive
RT-PCR assay because the limit of detection of our nested
assay is one RNA copy. The use of highly sensitive RT-PCR



Falsey, Formica, Hennessey et al.: RT-PCR Detection of RSV in COPD

methodology requires rigorous procedures to avoid contamina-
tion and false-positive results. Thus, an alternative explanation
for the disparate results of this study compared with other reports
is that high rates of RSV identification in subjects with stable
COPD are due to RT-PCR contamination.

The possibility of chronic RSV infection as a mechanism of
disease progression could have enormous impact on the manage-
ment of COPD. Our study indicates that most RSV infections
in patients with COPD are associated with acute symptomatic
respiratory illnesses, and we find no evidence that low-grade
RSV infection occurs in a significant proportion of patients with
COPD. To address this controversial problem definitively, se-
quencing data to rule out RT-PCR contamination and testing
of lower airway samples obtained by bronchial alveolar lavage
or lung biopsy are needed.
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