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A prospective study among adults hospitalized for polymerase
chain reaction–confirmed respiratory syncytial virus infections
(n = 123) showed frequent occurrence of lower respiratory-
tract complications causing respiratory insufficiency (52.8%),
requirement for assisted ventilation (16.3%), and intensive
care unit admission/death (12.2%). High viral RNA concentra-
tion was detected at time of hospitalization, including in pa-
tients who presented later than 2 days of illness (day 1–2,
7.29 ± 1.47; day 3–4, 7.28 ± 1.41; day 5–8, 6.66 ± 1.87 log10
copies/mL). RNA concentration was independently associated
with risk of complications and respiratory insufficiency (ad-
justed odds ratio 1.40 per log10 copies/mL increase, 95% con-
fidence interval, 1.03–1.90; P = .034). Our data indicate the
need and provide a basis for clinical research on antiviral
therapy in this population.
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Respiratory syncytial virus (RSV) is increasingly recognized as
an important cause of severe respiratory-tract infections in
older adults, resulting in excessive hospitalizations and deaths
annually [1]. However, there is no established antiviral treat-
ment at present, and vaccine remains unavailable. The slow

progress is further limited by the lack of understanding of the
clinical manifestations, severity, virologic changes, and related
pathophysiology in adult diseases [2–5]. This study was con-
ducted to investigate the lower-respiratory manifestations, pro-
gression to respiratory failure, and viral load in hospitalized
adults with polymerase chain reaction (PCR)–confirmed RSV
infections. Such information may provide a basis for RSV ther-
apeutics research in this high-risk population.

METHODS

A prospective, observational study was performed at 2 acute, ge-
neral hospitals in Hong Kong during a 12-week seasonal RSV
outbreak in 2013 (Supplementary 1). Adults aged >18 years
who presented with symptoms of acute respiratory infection
and were hospitalized because of potentially serious medical
conditions, exacerbation of underlying chronic illnesses, or se-
vere symptoms impossible to manage at home were eligible for
study [2]. For consenting individuals, nasopharyngeal specimens
collected at time of admission were tested for RSV using a quan-
titative, real-time reverse-transcription PCR (RT-PCR) assay, in
addition to an antigen assay performed during routine care ir-
respective of its result (see below); their clinical course was fol-
lowed and recorded. Because there was no specific intervention,
all recruited patients were managed and discharged according
to standard procedures as described [2]. Written, informed con-
sent was obtained from each patient. Ethical approval for the
study was obtained from the institutional review boards of the
Hospital Authority of Hong Kong and the Chinese University
of Hong Kong.

Detection of RSV and quantitation of viral RNA (to provide
estimates of the “virus load”) in the nasopharyngeal samples
were performed using established methods [6, 7]. Briefly, viral
RNA was extracted from the original specimens using Pure-
LinkTM Viral RNA/DNA Mini kit (Life Technologies), followed
by TaqMan-based, real-time RT-PCR assays using RSV-A and
RSV-B subtype specific primers and probes, which targeted the
highly conserved genomic regions of the virus N gene. Copy
numbers were inferred from 10-fold serially diluted synthetic
RNA standards spanning the amplified region. Using probit
analysis, the lower detection limit (at 95% confidence level) for
RSV-A and RSV-B RT-PCR assays was calculated to be 29.9
and 9.0 copies per reaction, respectively. Extraction and RT-
PCR negative controls were run in parallel for every experiment.
Exogenous RNA (TATAA Biocenter) was spiked during extrac-
tion to check for downstream amplification inhibition. Results
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were expressed in copies/mL (equivalents to plaque-forming
unit/mL have been described) [4, 5, 7]. Virus genotyping was
performed by direct amplicon sequencing of the G gene (Supple-
mentary-2). As part of hospital care/protocol, immunofluores-
cence assays (IFAs) for a panel of respiratory viruses, including
RSV, influenza A/B, and parainfluenza, were performed concom-
itantly using methods previously described; because IFA has
lower sensitivity, eligible patients with negative results were not
excluded from study (we recruited 115 IFA-positive and 56
IFA-negative cases for RT-PCR testing) [2, 8, 9]. Clinical data
were collected using a standardized research tool, which included
demographics, major comorbidities (defined in the Charlson
Comorbidity Index, see Table 1), presenting symptoms, lower
respiratory-tract complications (including acute bronchitis/
bronchiolitis, clinico-radiological pneumonia, exacerbation of
chronic airway diseases, or their combinations), cardiovascular
complications (including decompensated heart failure, acute coro-
nary syndrome, arrhythmia, cerebrovascular events), requirements
for assisted ventilation, supplemental oxygen, bronchodilator
therapy, corticosteroid administration, hospitalization duration,
and all-cause death [2, 3, 4, 8–10].

Clinical manifestations, severity, and outcomes of PCR-
confirmed RSV cases were reported. RSV RNA quantitation re-
sults were described, and examined for associations with clinical
variables [4, 9]. Univariate associations with development of se-
vere disease, defined as lower respiratory-tract complications
causing respiratory insufficiency, evidenced by requirements
for both bronchodilator (to relieve bronchoconstriction) and
supplemental oxygen (to maintain oxygen saturation >95%)
therapies, were examined [2, 3, 10]. Variables with P values
<.2 were entered into a backward, stepwise, logistic regression
model for analysis [9]. Adjusted odds ratio (AOR) and the
95% confidence interval (CI) of each explanatory variable
were reported. Further, independent factors associated with sur-
vival within 30 days were analyzed using Cox proportional haz-
ards models (backward, stepwise regression); adjusted hazard
ratio (AHR) and 95% CI were reported [2, 8]. All probabilities
were 2-tailed, and a P value of <.05 was considered to indicate
statistical significance. Statistical analysis was performed using
PASW Statistics software, version 18.0.

RESULTS

Altogether, 123 patients were confirmed to have RSV infection
by RT-PCR. There were 9 RSV-A and 114 RSV-B viruses; phy-
logenetic analysis showed that the circulating RSV-A strain
belonged to the novel ON1 genotype, which contained a 72-
nucleotide duplication in the G gene, and the RSV-B strains be-
longed to the BA genotypes (Supplementary-2). The mean ±
standard deviation (SD) age of RSV patients was 78.0 ± 15.0
years; 80.5% had major comorbidities; mean ± SD time of

Table 1. Clinical Manifestations, Complications, and Outcomes
of 123 Adult Patients Hospitalized for PCR-confirmed RSV
Infections

Variable No. (%)

Patient characteristics
Age, year (mean ± SD) 78.0 ± 15.0

Male sex 64 (52.0)
Nursing home resident 50 (40.7)

Comorbidity, majora 99 (80.5)

Chronic statin usera 32 (26.0)
Aspirin/NSAID usera 30 (24.4)

Symptoms and complications
Day of illness, at presentation, median (IQR) 2 (1–3)
Fever 102 (82.9)

Cough 108 (87.8)
Shortness of breath 92 (74.8)

Pleuritic chest pain 10 (8.1)

WBC count (×109/L, mean ± SD) 9.6 ± 3.6
Neutrophil count (×109/L, mean ± SD) 7.5 ± 3.3

C-reaction protein (mg/L, mean ± SD) 59.8 ± 52.7

Lower respiratory-tract complicationsb 110 (89.4)
Pneumonia, clinico-radiological 83 (67.5)

Bronchitis/bronchiolitis 15 (12.2)

Exacerbation of chronic airway diseases 28 (22.8)
Cardiovascular complicationsb 30 (24.4)

Bacterial superinfection, community-acquiredb 25 (20.3)

Hospital-acquired 17 (13.8)
Treatments and outcomes
Hypoxemia, requiring supplemental oxygen 97 (78.9)

Bronchoconstriction, requiring bronchodilators 72 (58.5)
Antibiotics use 121 (98.4)

Systemic corticosteroid useb 44 (35.8)

Assisted ventilation, invasive/noninvasive 20 (16.3)
ICU admission/death 15 (12.2)

Death, within 30 d 11 (8.9)

Death, within 60 d 17 (13.8)
Length of stay, median (IQR) 10 (5–21)

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive
care unit; IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory
drug; PCR, polymerase chain reaction; RSV, respiratory syncytial virus; SD,
standard deviation; WBC, white blood cell.
a Major comorbidity: congestive heart failure; cerebrovascular, neoplastic, and
chronic liver or renal diseases; diabetes mellitus; chronic cardiovascular,
autoimmune, and neurological diseases; and immunosuppression (not hyper-
tension or hypercholesterolemia alone); and chronic lung diseases (COPD,
asthma, bronchiectasis, pulmonary fibrosis); as defined in the Charlson Index
[2, 8]. Chronic statin and aspirin/NSAID usewas defined as regular use of these
medications for any length of time prior to and at the time of hospitalization [8].
b Lower respiratory-tract complications [2, 8]: clinico-radiographical pneumonia,
acute bronchitis/bronchiolitis (wheezing breathing alone, without pneumonia),
and acute exacerbations of chronic airway diseases (eg, COPD/asthma), or their
combinations. Cardiovascular complications (see text). Bacterial superinfection:
evidenced by positive culture of a pathogenic bacteria from respiratory (sputum,
bronchial/tracheal aspirates; gram stain and culture of adequate samples on the
basis of standard criteria) and/or blood samples; infections with onset >2 days
after admission were considered hospital-acquired; oral commensals or skin
contaminants were excluded. Systemic corticosteroid use was defined as
corticosteroids given via the parental/enteral routes for the treatment of
bronchoconstriction [2].
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presentation was 2.6 ± 1.9 days of illness. Lower respiratory-tract
and cardiovascular complications were documented in 89.4% and
24.4% of patients, respectively. About half (52.8%) of RSV pa-
tients had severe disease and respiratory insufficiency, necessi-
tating the use of both bronchodilator and supplemental oxygen
therapies; and 16.3% had required assisted ventilation (invasive/
noninvasive; started on 4.4 ± 5.4 days of illness) (Table 1).
Among those with severe disease, 66.2% had acute pulmonary
infiltrates evident on chest radiographs. The adverse outcomes
of intensive care unit (ICU) admission/death, and deaths at 30
and 60 days, occurred in 12.2%, 8.9%, and 13.8% of patients,
respectively. Nearly all (98.4%) hospitalized RSV patients had
received initial antibiotics and 35.8% received systemic cortico-
steroid treatment.

Patients hospitalized with RSV infection were found to have
high viral RNA concentration at time of presentation
(mean ± SD, 7.21 ± 1.52 log10 copies/mL; median [interquartile
range], 7.66 [6.49–8.27] log10 copies/mL), even on >2 days of
illness (day 1–2, 7.29 ± 1.47; day 3–4, 7.28 ± 1.41; day 5–8,
6.66 ± 1.87 log10 copies/mL) (Figure 1). A significantly higher
viral RNA concentration was found in association with under-
lying major comorbidities (7.36 ± 1.40 vs 6.57 ± 1.83 log10 cop-
ies/mL; P = .021) and development of severe disease (lower

respiratory-tract complications causing respiratory insufficiency,
7.53 ± 1.36 vs 6.84 ± 1.60 log10 copies/mL; P = .011); cases with
fatal outcomes tended to have higher viral concentrations but
it did not reach statistical significance (7.79 ± 1.34 vs 7.14 ±
1.53 log10 copies/mL; P = .163). We did not observe significant
difference between RSV subtypes (RSV-B vs RSV-A, 7.27 ± 1.47
vs 6.45 ± 1.92 log10 copies/mL; P = .121), nor types of specimen
collected (nasopharyngeal aspirates vs flocked swabs, 7.19 ±
1.57 vs 7.29 ± 1.28 log10 copies/mL; P = .774). IFA-negative
samples were shown to have lower viral RNA concentrations
(3.92 ± 1.30 vs 7.44 ± 1.24 log10 copies/mL; P < .001).

We found that high viral RNA concentration (AOR 1.40 per
unit increase, 95% CI, 1.03–1.90; P = .034), underlying chronic
lung diseases (AOR 11.73, 95% CI, 4.23–32.49; P < .001), and
older age (AOR 1.03, 95% CI, 1.00–1.06; P = .048) were inde-
pendent factors associated with development of severe disease
(adjusted for gender, other major comorbidities, and time
from illness onset). Requirement of assisted ventilation because
of respiratory failure progression (AHR 7.90, 95% CI, 1.93–
32.31; P = .004), bacterial superinfection (AHR 4.31, 95%
CI, 1.12–16.52; P = .033), older age (AHR 1.10, 95% CI, 1.01–
1.19; P = .030), and presence of major comorbidities were asso-
ciated with lower survival (adjusted for viral RNA concentration
and corticosteroid administration). There was an increased rate
of bacterial superinfections among corticosteroid recipients
during the hospital course (20.5% vs 10.1%; P = .112).

DISCUSSION

We found frequent occurrence of lower respiratory-tract com-
plications and respiratory insufficiency, requirement for assisted
ventilation, ICU admissions, and deaths among adults hospi-
talized for RSV infections. High viral load was detected at pre-
sentation, which significantly correlated with clinical severity.
Our data support the study of antiviral treatment in this
population.

The clinical manifestations and outcomes reported in this
prospective cohort (n = 123) are highly consistent with our re-
cent retrospective study on >600 hospitalized RSV patients [2].
We confirm that serious lower respiratory and cardiovascular
complications are frequent among these older adults, and the
mortality is high (9%–14%) [2, 3]. Bronchoconstriction and
hypoxemia are the major manifestations, as a result of acute
bronchitis/bronchiolitis, pneumonia, or their combinations,
not unlike pediatric RSV diseases [1–3, 5, 10]. In this cohort, al-
most 79%, 59%, and 53% of patients had required supplemental
oxygen, bronchodilators, and both therapies, respectively, be-
cause of respiratory insufficiency; and ventilatory support was
necessary in 16%. Importantly, this study adds that high viral
load is significantly associated with development of severe,
complicated RSV disease (AOR 1.40 per log10 copies/mL RNA
increase, 95% CI, 1.03–1.90), which is independent of known

Figure 1. RSV RNA concentration at time of presentation, shown ac-
cording to presence (gray box-plot) or absence (white box-plot) of underly-
ing major comorbidities. Dotted line indicates the 25th percentile of viral
RNA concentration in this cohort (6.49 log10 copies/mL); day 1 (n = 44), day
2 (n = 36), day 3–4 (n = 27), day 5–8 (n = 16). “Major comorbidities,” as
defined in the Charlson Index (see Table 1). Specimen used for diagnosis:
nasopharyngeal aspirate, n = 99; nasopharyngeal flocked swab, n = 24;
RNA concentrations measured were not significantly different. Abbrevia-
tions: cp, copies; RSV, respiratory syncytial virus.
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risk factors such as chronic lung diseases and advanced age.
Progression of respiratory failure predicts a high risk of death
[1, 3]. Our findings are supported by recent studies showing
correlations between RSV concentration and symptom scores
in healthy adult volunteers [4], and a trend toward higher
viral concentration in hospitalized RSV patients when com-
pared with the nonhospitalized [11]. In one report, RSV con-
centration in 8 patients who required mechanical ventilation
was higher than 23 nonventilated cases [12]. Emerging data
from young children similarly suggest high viral load as a driv-
ing force in severe manifestations/outcomes, thus a potential
role of antiviral treatment [5]. Additionally, we found high
viral RNA concentration in most hospitalized patients (25th,
75th, 95th percentile: 6.5, 8.3, 9.3 log10 copies/mL, respective-
ly), including those who presented later than 2 days of illness,
and particularly if they had underlying compromising condi-
tions. Recent data suggest that viral shedding duration in adult
RSV infection may last for at least 7 days (detected by culture
and PCR) [4, 11],which could be longer than seasonal influen-
za [9, 13]. Taken together with the seriousness of disease, the
high viral load, and its significance, our results strongly indi-
cate the need and provide basis for clinical research on poten-
tial antiviral therapies in the hospitalized adults (eg, fusion
inhibitors, polymerase inhibitors, small interfering RNA, anti-
body-based interventions) [1, 4, 5, 12, 14, 15]. As viral replica-
tion may continue for several days, a therapeutic time window
of more than 48 hours seems possible and warrant study
[8, 9, 13, 15].

Our study’s strengths include a prospective design, larger
sample size, examination of viral concentration by real-time
RT-PCR (for RSV-A/B) and its relationships with key host/dis-
ease factors (patient characteristics, time of illness, severity),
and adjustment of confounders in multivariable analyses
[5, 11, 12]. Quantitative culture, serial measurements, and
lower respiratory-tract sampling have been planned to provide
further information on virokinetics [4, 5, 7, 9, 11, 13, 14]. Fur-
ther, data generated in this study can assist planning and design
of future clinical trials on antivirals in the population of hospi-
talized adults (eg, patient characteristics and manifestations;
clinical/virological study parameters; outcome measures).
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