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Viral Shedding and Immune Responses to
Respiratory Syncytial Virus Infection in Older
Adults
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Background. Comprehensive analyses of host, viral, and immune factors associated with severe respiratory
syncytial virus (RSV) infection in adults have not been performed.

Methods. Adults with RSV infection identified in both outpatient and inpatient settings were evaluated.
Upper and lower respiratory tract virus load, duration of virus shedding, select mucosal chemokine and cytokine
levels, humoral and mucosal immunoglobulin responses, and systemic T-cell responses were measured.

Results. A total of 111 RSV-infected adults (61 outpatients and 50 hospitalized patients) were evaluated. Hos-
pitalized subjects shed virus in nasal secretions at higher titers and for longer durations than less ill outpatients,
had greater mucosal interleukin 6 (IL-6) levels throughout infection, and had higher macrophage inflammatory
protein lo. (MIP-10) levels early in infection. Persons >64 years old and those with more severe disease had a
higher frequency of activated T cells in the blood than younger, less ill subjects at infection. Multivariate analysis
found that the presence of underlying medical conditions, female sex, increased mucosal IL-6 level, and longer
duration of virus shedding were associated with severe disease. Older age and increased nasal MIP-1a. levels were

of borderline statistical significance.
Conclusions.

Multiple factors, but not older age, are independently associated with severe RSV infection in

adults. The presence of underlying medical conditions had the greatest influence on disease severity.
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Respiratory syncytial virus (RSV), a single-stranded
RNA virus of the family Paramyxoviridae, is the
leading cause of severe respiratory illness in infants
and young children [1, 2]. A hallmark of RSV infection
is incomplete immunity, leading to reinfection
throughout life [3-5]. Although reinfection is generally
mild, certain adult populations can have severe illness
with lower respiratory tract symptoms, resulting in
hospitalization and death [3, 6-8]. Factors associated

with severe disease in infants are well described and
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include underlying congenital cardiac or neurological
conditions, bronchopulmonary dysplasia, prematurity,
low RSV-specific serum antibody titers, and high virus
load [2, 9-11]. Additionally, it has been considered that
innate and adaptive T-cell responses, as well as cyto-
kine responses, such as interleukin 6 (IL-6) level,
strongly influence the pathogenesis of RSV disease in
infants [12-14]. Although less well studied, analogous
risk factors also appear to be operative in adults. Previ-
ously, we found that severe RSV disease in adults was
associated with underlying cardiopulmonary disease,
frailty, and low serum levels of RSV-specific antibody
[15, 16]. In addition, high virus load in hospitalized
persons has been associated with respiratory failure [15].
Thus, as in infants, disease severity in adults is likely
multifactorial, as advancing age is associated with in-
creased frequency of underlying medical conditions
and global changes in immune function [17].

However, a comprehensive assessment of factors,
including involvement of the lower airways, virus load,

1424 o JID 2013:207 (1 May) e Walsh et al


mailto:edward.walsh@rochestergeneral.org
mailto:edward.walsh@rochestergeneral.org
mailto:journals.permissions@oup.com

local and systemic cytokine responses, and T-lymphocyte
activation during infection, has not been performed in adults.
Therefore, we examined these factors in adults with a wide
spectrum of disease severity.

METHODS

Patient Population and lliness Surveillance

The study spanned 3 winters, from 2005 through 2008, in
Rochester, New York. Two cohorts of adults were recruited
after they provided informed consent. The first included
persons >21 years of age living independently in the commu-
nity, some with underlying medical conditions. Subjects were
enrolled in the late summer and early fall and were followed
for development of RSV infection during subsequent winters.
They remained under surveillance for 1-3 winters and were
asked to call study personnel to report symptoms consistent
with respiratory illness (ie, new or worse cough, increase in
chronic sputum production, sore throat or nasal congestion,
and worsening dyspnea, with or without fever) when they
were evaluated as described below.

The second cohort included persons >21 years of age hos-
pitalized at Rochester General Hospital during the winter with
an admitting diagnosis consistent with an acute respiratory in-
fection (ie, community-acquired pneumonia, acute exacerba-
tion of chronic obstructive pulmonary disease, bronchitis,
congestive heart failure, respiratory failure, or acute viral syn-
drome). Exclusion criteria included residence in a long-term
care facility or presence of a significant immunocompromising
condition (ie, receipt of chemotherapy or radiation therapy
within 6 months of illness, human immunodeficiency virus
infection, or receipt of immunosuppressive medications in-
cluding >15 mg prednisone for >3 weeks).

At enrollment, demographic and medical history, baseline
functional score, resting saturated oxygen (SaO,) level, and
findings on a focused respiratory examination were recorded.
The study was approved by the institutional review boards of
the University of Rochester and Rochester General Hospital.

lliness Evaluation

For the prospective cohort, most illness and daily assessments
were performed by a study nurse during home visits. For the
hospitalized cohort, initial evaluations occurred in the hospi-
tal, and visits after discharge took place at home. Symptoms
and signs of respiratory illness were recorded, and a nasal
swab specimen was obtained by gently swabbing one nostril
just below the inferior turbinate for 5 seconds. The nasal swab
specimen was placed in 3 mL of distilled water, kept on ice,
and processed immediately by reverse transcription polymer-
ase chain reaction (RT-PCR) for RSV RNA. Sputum samples
were diluted in an equal volume of distilled water and vor-
texed vigorously before processing as described elsewhere [18].

RSV-positive subjects were seen again as soon as feasible, gen-
erally within 48 hours, when a directed history was obtained,
a physical examination was performed, and the following
specimens were collected: repeat nasal swab specimen from 1
nostril and a sputum specimen for quantitative RT-PCR anal-
ysis, a nasal swab specimen from the opposite nostril for cyto-
kine measurements, a respiratory condensate obtained during
a 5-minute interval, 30 mL of heparinized blood for lympho-
cyte purification, and 10 mL of blood for serum IL-6 and RSV
antibody determinations. Heparinized blood was kept at room
temperature and transported to the laboratory for lymphocyte
purification within 12 hours. Other samples were processed
immediately and frozen at —80°C until assayed. Subjects were
reevaluated daily if possible for clinical signs and symptoms of
respiratory illness and collection of a nasal swab specimen and
sputum specimen for RSV RT-PCR. Assessment visits and
collection of nasal swab and sputum samples continued until
2 consecutive samples were RT-PCR negative for RSV. Nasal
swab and blood samples were also obtained between days 12
and 16 and days 25 and 32 after symptom onset for cytokine
measurements, peripheral blood mononuclear cell (PBMC)
purification, and serum antibody determinations.

Diagnosis of RSV Infection, Identification of RSV Group, and
Determination of RSV Titer

RSV infection, including virus group, was diagnosed using
real-time RT-PCR performed on initial nasal swab and
sputum specimens as described.[19] Positive and subsequent
nasal swab and sputum specimens were assayed using a pub-
lished quantitative RSV RT-PCR [20]. RSV titers were ex-
pressed as plaque-forming unit (PFU) equivalents per
milliliter of sample. Peak nasal and sputum titers were defined
as the highest titer on any day.

Antibody Measurement

Serum immunoglobulin G (IgG) titers to purified RSV F, Ga,
and Gb proteins and neutralizing antibody titers to RSV groups
A and B were determined as described elsewhere [16, 21]. Nasal
immunoglobulin A (IgA) titers to RSV F, Ga, and Gb proteins
was determined and corrected to a total protein concentration
of 100 ug/mL, according to published methods [22].

Cytokine Measurement

High-sensitivity enzyme immunoassays (Biosource Interna-
tional, Camarillo, CA) were used for measuring IL-6, IL-8,
and macrophage inflammatory protein 1o (MIP-1a) levels in
nasal swab and serum specimens. Nasal cytokine values were
corrected to a total protein concentration of 100 ug/mL.

Multicolor Flow Cytometry of T Cells

PBMCs were isolated within 12 hours of collection in sodium
heparin sulfate tubes, divided into aliquots of 1 million cells,
and frozen in liquid nitrogen, as described elsewhere [23].
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Frozen cells were thawed and diluted in complete Roswell Park
Memorial Institute medium containing 10% fetal calf serum
and were stained with live/dead-PacOrange (Invitrogen, Carls-
bad, CA) and incubated for 20 minutes with the following anti-
human antibodies: CD3-PE-Cy5.5 (Invitrogen), CD4-PE-Cy5
(eBioscience, San Diego, CA), CD8-PE-TR (Invitrogen), HLA-
DR-AlexaF700 (eBioscience), APC-CD56 (BD Biosciences, San
Diego, CA), CD38-Pacific Blue (BD Biosciences) and for exclu-
sion: CD19-PE-Cy7 (BD Bioscienes), CD16-PE-Cy7 (BD Bio-
sciences), CD14-APC-Cy7 (BD Biosciences). Cells were then
washed, and permeabilized with BD Cytoperm/Cytofix. Then,
cells were incubated with anti-human Ki67-FITC (Invitrogen)
and Bcl-2-PE (Invitrogen). Cells were collected on an LSR II
flow cytometer (BD Biosciences) and analyzed using Flow]Jo
(Tree Star, v 8.8.7). Total PBMCs were gated using forward
scatter and side scatter channels. Antibodies to CD14, CD16,
and CD19 were used to exclude nonspecific staining of B cells
and monocytes.

RESULTS

We evaluated 111 RSV-infected subjects from the 2 cohorts
during 3 consecutive winters; 61 were outpatients, and 50
were hospitalized patients. Subjects ranged in age from 24 to
95 years, 61% were female, and 84% were white. Group A and
B RSV were identified in each of the 3 years, of which 40%
were group A, 56% were group B, and 4% were untyped.

Analysis According to lliness Severity
In the absence of a validated severity scoring system for non-
pneumonic respiratory tract infections, we defined severe
disease as the disease requiring hospitalization and mild disease
as disease managed on an outpatient basis. Hospitalized sub-
jects were approximately 14 years older than outpatients and
more likely to be smokers and to have underlying chronic ob-
structive pulmonary disease (COPD), diabetes, and cardiac
disease and to use inhaled corticosteroids at baseline (Table 1).
Hospitalized subjects more often had dyspnea, a lower SaO,
value, and rales and wheezing on lung examination; were ill
longer prior to evaluation (5.5 vs 3.1 days; P <.0001); and had
symptoms that persisted longer (25 vs 17 days; P <.0001).
Group A and B viruses were equally distributed between pa-
tients with mild and those with severe illnesses (Table 2).
There was a trend toward higher peak virus titers in nasal and
lower airway secretions among hospitalized persons, but
neither reached statistical significance. Because subjects were
evaluated at variable times after symptom onset, nasal virus
shedding patterns for inpatients and outpatients were devel-
oped by combining data from all subjects. This showed that
shedding began 1-2 days after symptom onset, peaked by day 3,
and began to decline by days 5-6 for both groups (Supple-
mentary Figure 1). Overall, hospitalized persons had slightly

Table 1. Demographic and Clinical Characteristics of Respira-
tory Syncytial Virus-Infected Outpatients and Hospitalized
Patients

Outpatients Hospitalized
Characteristic (n=61) Patients (n = 50) P
Age,y <.0001
Mean + SD 56.7+17.1 70.5+14.7
Range 24.4-91.1 41.5-95.8
Male sex 24 (33) 20 (40) NS
Never smoked 30 (49) 15 (30) .05
Home O, therapy 5(8) 10 (20) 10
Underlying condition
COPD 10 (16) 24 (48) .0004
CHF 0(0) 13 (26) .0001
DM 5(8) 16 (32) .003
CAD 3 (5) 16 (32) .0002
Medication
Oral corticosteroids 2(3) 7 (14) .076
Inhaled corticosteroids 11(18) 18 (36) .05
Symptom duration 3.1+£18 5.5 %= 38 <.0001
before diagnosis, d
Treatment with systemic 3(5) 33 (66) <.0001
GCS
lliness duration, d 16.8+5.8 2597 <.0001
Signs and symptoms
Temperature, °C 36.8+0.6 37.1+£1.0 .01
Respiratory rate, 15.6 +3.8 238+7.0 <.0001
breaths/min
Sa0, on room air, % 97.4+2.2 92.1+7.3 <.0001
Dyspnea 20 (33) 47 (94) .0001
Wheezing on 7 (11) 40 (80) .0001
examination
Rales on examination 3(5) 16 (32) .0002

Data are no. (%) of patients or mean value + SD. Outpatients had mild
disease, whereas hospitalized patients had severe disease.

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; GCS,
glucocorticosteroids; NS, not significant; SaO,, oxygen saturation.

higher titers on most days. Hospitalized persons shed virus in
nasal secretions for 3 days longer than mildly ill outpatients
(13.1 vs 9.8 days; P =.003), although the duration of lower re-
spiratory tract shedding was similar. Hospitalized subjects
with respiratory failure had significantly higher mean nasal
virus titers (+SD) than hospitalized subjects not requiring
ICU care (3.4 £1.2 vs 2.5+ 1.6 log;o PFU/mL; P =.04).
Unexpectedly, serum IgG titers to RSV envelope glycopro-
teins and RSV-neutralizing antibody titers in acute-phase
specimens were slightly, but significantly, higher in hospital-
ized persons. Because hospitalized persons had been sympto-
matic nearly twice as long as mildly ill outpatients at
evaluation, we analyzed antibody kinetics in the outpatient
group to assess the effect of timing on acute-phase antibody
titers. This indicated that the neutralizing antibody level rises
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Table 2. Viral, Antibody, and Cytokine Measurements for Respi-
ratory Syncytial Virus (RSV)-Infected Outpatients and Hospital-
ized Patients

Outpatients Hospitalized
Variable (n=61) Patients (n = 50) P
RSV group
A 27 17 NS
B 32 32 NS
Untyped 3 1 NS
Peak RSV titer, logio PFU/mL
Nasal specimens 23+1.2 28+1.3 .09
Sputum specimens 25+1.8 33+18 .06
Duration of RSV shedding, d
Nasal specimens 9.8+4.8 13.1+6.3 .003
Sputum specimens 9.1+£40 10.1+£54 NS
Acute-phase® serum IgG titer, log, dilution
ToRSVF 154+14 16.1+1.6 .018
To RSV Ga 142+1.7 15.1+1.8 .005
To RSV Gb 14.0+1.3 146+1.8 .04

Acute-phase® serum neutralizing antibody titer, log,

To RSV group A 10.7+15 11.5+2.1 .022

To RSV group B 11.0+£1.5 11.6+2.1 .076
Acute-phase? nasal IgA titer, log,

To RSV F 3.2+0.9 2714 .045

To RSV Ga 39+12 32+1.3 .003

To RSV Gb 39+13 28+13 <.0001
Serum IL-6 level, pg/mL

Acute phase® 59+125 9.2+21.2 NS

Day 28 59+16.8 7.4+155 NS
Nasal IL-6 level, pg/mL

Acute phase® 3.6+34 76+7.8 <.001

Day 10-12 23+34 5.1+5.3 .001

Day 28 1.7+1.8 57+45 <.001
Nasal IL-8 level, pg/mL

Acute phase?® 290+216 331 +£255 NS

Day 10-12 372 + 258 354 + 350 NS

Day 28 322 + 258 289 + 267 NS
Nasal MIP-1a level, pg/mL

Acute phase® 20.2 +28.1 32.3+40.6 .068

Day 10-12 12.6 +24.6 16.8+23.4 NS

Day 28 7.7+17.7 6.0+7.9 NS

Data are no. of patients or mean value = SD. Outpatients had mild disease,
whereas hospitalized patients had severe disease.

Abbreviations: IgA, immunoglobulin  A; 1gG, immunoglobulin G; IL-6,
interleukin 6; IL-8, interleukin 8; MIP-1a, macrophage inflammatory protein
1o; NS, not significant; PFU, plaque-forming units.

@ At the time of diagnosis of RSV infection.

rapidly between days 2 and 5 after illness onset, and by day
5-6 titers more than doubled (Figure 1). Thus, the delay in
obtaining serum may have contributed to slightly higher
acute-phase RSV-specific serum antibody titers in hospitalized
subjects.
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Figure 1. Kinetics of serum microneutralization titer to group A respi-

ratory syncytial virus (RSV; MNA) in RSV-infected outpatients with mild
disease. Down arrow indicates mean time of evaluation for the outpa-
tient group, and up arrow indicates mean time of evaluation for the hos-
pitalized group.

In contrast, mean RSV-specific nasal IgA antibody titers in
acute-phase specimens were significantly lower in the hospital-
ized group despite a longer illness duration at evaluation, al-
though the absolute difference was small (approximately 2-fold).
We did not collect nasal samples before illness in the prospective
cohort and therefore could not assess the kinetics of nasal IgA
during infection.

Despite marked differences in disease severity between
groups, acute- and convalescent-phase serum IL-6 levels were
similar (Table 2). However, nasal IL-6 levels were greater at
each time point in hospitalized subjects. Mean nasal MIP-1o
levels were also higher in acute-phase specimens from hospital-
ized persons. For both groups, MIP-1a levels fell substantially
from the acute-phase time point to day 12, suggesting that
levels peak early after symptom onset. When only data from
samples obtained on days 1-4 after illness onset were consid-
ered, hospitalized subjects had ~2-fold higher mean MIP-1c
levels (+SD) than less ill outpatients (33.8 +30.7 vs 19.1 +26.7
pg/mL; P=.05).

Relationship Between Virus Titer and Antibody

We also explored the relationship between nasal and sputum
virus titers and antibody levels. Because the serum antibody
level increases rapidly after illness onset, the analysis was
limited to persons with symptoms for <5 days at evaluation.
There was a weak inverse correlation between peak nasal virus
titer and serum IgG to RSV envelope glycoproteins
(F: r=-.21; Ga: r=—.09; and Gb: r=—.18) but a stronger
inverse correlation with nasal IgA titers (F: r = —.22, P=.07; Ga:
r=—.44, P=.0002; and Gb: r=—.40, P=.001; Figure 2A-C).
The strongest relationship was noted when antibody titer was
matched to infecting virus group (IgA to Ga protein and RSV A
titer: r = —.62, P = .0004; data not shown).

Age-Related Effects
Because older persons were disproportionately represented in
the hospitalized group and had more underlying medical
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Figure 2. Relationship between nasal respiratory syncytial virus

(RSV)—specific immunoglobulin A (IgA) and viral titers in subjects ill for
<4 days at the time of evaluation. A, IgA to F: r=—.22, P=.07. B, IgA to
Ga: r=—.44, P=.0002. C, IgA to Gb: r=—.40, P=.001.

conditions that could influence disease severity, we analyzed
the less ill outpatients separately to better assess age-related
differences in virus shedding and antibody and cytokine re-
sponses (Table 3). Subjects >65 years of age had higher nasal
titers (log;o 2.8 vs 2.0 PFU/mL; P=.01) and shed virus ap-
proximately 3 days longer in both upper and lower respiratory
tract secretions (nasal: 11.3 vs 8.7 days; sputum: 10.5 vs 7.2
days; P=.04 for both comparisons). Older subjects with mild
illness also had a greater rise in antibody titers after infection.
We did not find significant age-related differences in cytokine
levels, except for higher nasal IL-8 levels on day 12. However,
as noted previously for the entire population, when the

Table 3. Viral and Antibody Comparisons for Respiratory Syncy-
tial Virus (RSV)-Infected Outpatients Aged <65 Years or >65
Years

<65 years >65 years

Variable (n=37) (n=24) P
RSV titer, logqo PFU/mL

Nasal 20+13 28+1.0 .01

Sputum 23+1.9 26+1.8 NS
Duration of RSV shedding, d

Nasal 8.7+43 11362 .04

Sputum 7.2+4.0 10.5+3.8 .04
Rise in serum IgG titer, log,

To RSV F 12£1.2 2116 .01

To RSV Ga 15215 1.6+1.4 NS

To RSV Gb 1.2+1.1 22+15 .009
Rise in serum neutralizing antibody titer, log,

To RSV group A 19+14 28+1.9 .04

To RSV group B 16+14 29+2.0 .004
Rise in nasal IgA titer, log,

To RSV F 1.7+1.9 28+15 .02

To RSV Ga 19+1.7 3.1+15 .008

To RSV Gb 1.8+£1.6 28+1.9 .03
Serum IL-6 level, pg/mL 45+11.2 7.8+14.0 NS
Nasal IL-6 level, pg/mL

Acute phase?® 34+£32 3.8+36 NS

Day 12 25+42 20+2.1 NS

Day 28 1.7+£20 1.8+1.6 NS
Nasal IL-8 level, pg/mL

Acute phase?® 278 + 198 309 + 245 NS

Day 12 312 + 205 454 + 304 NS

Day 28 301 £218 351 + 309 .04
Nasal MIP-1a level, pg/mL

Acute phase?® 17.0+23.6 25.3+33.0 NS

Day 12 13.0+25.6 12.0+24.2 NS

Day 28 79+16.9 7.4+193 NS

Data are mean value + SD. All outpatients had mild disease.

Abbreviations: IgA, immunoglobulin A; 1gG, immunoglobulin G; IL-6,
interleukin 6; IL-8, interleukin 8; MIP-1a, macrophage inflammatory protein
1a; NS, not significant; PFU, plaque-forming units.

2 At the time of diagnosis of RSV infection.

analysis was limited to nasal samples collected early in infec-
tion (days 1-4 of illness), older subjects had significantly
higher mean MIP-1a levels (+SD) than younger subjects
(28.4 £35.9 vs 12.2 +12.6 pg/mL; P =.04).

T-Cell Proliferation and Activation During RSV Infection

We analyzed samples for an activated CD8" T-cell phenotype,
identifiable as CD38"HLA-DR" or Ki-67"Bcl-2™ cells. These
cells have been shown to directly correlate with virus-specific
CDS8 responses during live virus exposure [24]. We randomly
selected subjects who had not received corticosteroids prior to
blood sampling, from 3 groups: persons <40 years of age with
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mild disease (young mild; n=10), persons >65 years of age
with mild disease (old mild; n=13), and older persons with
severe disease (old severe; n=10). PBMCs from 5 uninfected
asymptomatic healthy controls (mean age [+SD], 38 %16
years) were also analyzed. Multicolor flow cytometry findings
of CD8" T cells with a profile of activation and proliferation
(CD38"HLA-DR" and Ki-67"Bcl-27) from a representative
subject are shown in Figure 3A. The highest frequency of acti-
vated Ki-67"Bcl-2~ CD8" T cells during RSV infection was
found in the old severe group (mean [+SD], 14.2% + 13.5%),

significantly greater than in the old mild group (P=.01), the
young mild group (P=.002),
(P =.0007; Figure 3B). The young mild and old mild groups
also had a greater percentage of activated Ki-67"Bcl-2~ CD8"
T cells than the control group, although only the latter
reached statistical significance. The CD38"HLA-DR" CD8" T-
cell activated phenotype frequency was also greater for each

and the control group

of the RSV-infected groups, compared with the uninfected
controls, although differences between each of the RSV-infect-
ed groups did not reach statistical significance. Backgating

A Healthy Young mild

1.04

N~
©Q
<
%)
IS
()]
(@)
HLA-DR

B + ot -

CDS8'T cells: Ki-67 Bcl-2

P =.0007
P =.002

201
P =.01

Percentage of CD8* T cells

Old mild Old severe

CD8'T cells: CD38*HLADR*

P=.001

Percentage of CD8* T cells

] o>
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Figure 3. CD8" T-cell responses during acute respiratory syncytial virus (RSV) infection (4 groups): healthy controls (n=5), persons <40 years of age
with mild disease (young mild; n=10), persons >65 years of age with mild disease (old mild; n=13), and older persons with severe disease (old
severe; n=10). A, The top panel shows CD8*Ki-67*Bcl-2* CD8" T cells (ie, proliferating CD8" T cells), and the bottom panel shows CD8*CD38 HLA-DR*
CD8* T cells (ie, activated CD8" T cells). B, Mean percentages (+SD) of CD8* T cells that were Ki-67*Bcl-2* (left) or CD38"HLA-DR* (right) from each
group. The mean time of blood collection (+SD) in relation to symptom onset was similar for each group (mild young, 4.8 + 1.8 days; mild old, 5.5+ 1.4
days; and severe old, 5.9+ 2.1 days). All times were expected to coincide with peak viral shedding.
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Table 4. Results of Multivariate Analysis of Factors Associated
With Severe Disease in Adults

Variable OR (95% Cl) P
Age, per 10y increase 1.4 (.96-2.1) .08
Nasal shedding duration >7 d 2.2 (1.0-4.9) .03
Acute-phase? log, IL-6 level 2.2(1.2-4.2) .01
MIP-To level > 40 ng/mL 9.1 (.95-87.6) .06
Underlying conditions 18.4 (5.1-65.9) <.0001
Female sex 5.4 (1.2-23.8) .03

Abbreviations:  Cl, confidence interval; IL-6, interleukin 6;
macrophage inflammatory protein 1a; OR, odds ratio.

MIP-1a,

@ At the time of diagnosis of RSV infection.

indicated that >90% of the CD38"HLA-DR" cells were
Ki-67"Bcl-27, and conversely 70%-90% of Ki-67"Bcl-2" cells
were CD38"HLA-DR".

Proliferating CD4" T-cell frequencies during acute RSV in-
fection were also significantly greater in the old severe group
as compared to the old mild group (P=.03), young mild
group (P =.007), and control group (P =.08; data not shown).

Multivariate Analysis

Multivariate logistic regression was used to determine vari-
ables, especially age, that are independently associated with
disease severity in adults. Since the T-cell analysis was only
performed on a subset of subjects, these data were not includ-
ed in this analysis, nor were serum antibody data included,
owing to the delay in collection of serum in the hospitalized
group. In bivariate analysis with each of the other variables,
age remained significant, except when paired with the total
number of underlying medical conditions. By using forward
selection, the best model to predict severity was determined
(Table 4). In order of increasing odds ratio, the number of
underlying comorbidities, female sex, nasal IL-6 level, and du-
ration of virus shedding were each independently associated
with increased severity. The level of nasal MIP-1a was border-
line significant. Age, however, did not reach statistical signifi-
cance as an independent predictor of illness severity.

DISCUSSION

Although RSV infection primarily considered a disease of
infants and young children, it is increasingly appreciated as a
cause of serious illness in various adult populations. Although
studies have documented the incidence and clinical outcome
of RSV infection in these populations, few have examined
viral and immune factors associated with RSV.

In this analysis of 111 RSV-infected adults age 24-95 years,
the duration of virus shedding averaged approximately 10-13
days in nasal secretions, with shedding in some lasting for
>20 days. Interestingly, in available sputum specimens, we

consistently found viral RNA, with levels slightly above nasal
titers, suggesting that virus replication may commonly involve
lower airways in adults. This finding is consistent with our
recent report that detection rates for many respiratory viruses
are greater when sputum is tested [18]. However, it is possible
that viral RNA in expectorated sputum might reflect upper re-
spiratory tract contamination, because we did not qualitatively
examine sputum microscopically. We rarely detected RSV
RNA in respiratory condensates, similar to results reported for
influenza virus infections [25].

Despite relatively prolonged viral shedding in many sub-
jects, peak viral titers were substantially lower in comparison
to those in infants [11]. Older subjects had higher nasal titers,
shed longer, and, consistent with our prior studies, had
greater serum and nasal antibody responses to RSV infection
than younger subjects [26]. The quantitative increase in neu-
tralizing antibody directly correlated with both peak nasal titer
and duration of virus shedding. Recently, we reported that
adults with prolonged virus shedding also had a longer dura-
tion of detectible RSV-specific antibody-secreting cells in
blood [23]. These results suggest that the greater humoral
immune response in older persons, compared with younger
individuals, may be due to the prolonged and heightened anti-
genic stimulation associated with viral shedding in older
persons.

We were particularly interested to learn whether disease se-
verity was associated with heightened innate and inflammato-
ry cytokine responses. We noted that more severely ill subjects
had significantly higher nasal MIP-1o. levels early in infection
and that nasal IL-6 levels were higher at each time point in
severely ill hospitalized subjects, compared with less ill outpa-
tients, similar to findings in infants. The difference for IL-6
remained significant in multivariate analysis, while difference
for MIP-1o almost reached significance. Others have also re-
ported that levels of MIP-1a, a chemotactic protein for NK
and T lymphocytes secreted by macrophages, T cells, and den-
dritic cells, correlated with the quantity of leukocytes in respi-
ratory secretions and RSV disease severity in infants [27, 28].
Our finding that MIP-1a: levels peak early and fall rapidly in
nasal secretions is also similar to the kinetics described in
infants with RSV infection [29]. Whether these innate chemo-
kine responses are causally related or simply a marker of
disease severity is not known.

Previously, we and others noted an inverse correlation
between antibody titer and both infection and disease severity
in adults with RSV infection [16, 21, 30]. Our failure to repro-
duce this may relate to a different study design, resulting in
later initial blood draws in the hospitalized group. The early
rapid anamnestic rise in serum antibody may have obscured
differences between the 2 groups. Nevertheless, we noted an
inverse relationship between nasal RSV-specific IgA and peak
viral titers, which was strongest for antibody specific to the
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RSV G protein. Since the G protein serves as one of the viral
attachment proteins and also has potentially important immu-
nomodulatory effects, it is plausible that antibody to G protein
may be most efficient at reducing viral titers [31].

The unexpected finding that female sex was associated with
more severe disease is interesting but not readily explained.
Perhaps women are more frequently exposed to RSV-infected
infants, thus resulting in a higher viral inoculum. Among in-
patients, ages were similar by sex, but women were signifi-
cantly less likely to have COPD than men (21% vs 58%;
P=.006), with a similar trend among outpatients. Although
older age was associated with more severe disease in univariate
and, in most cases, bivariate analyses, multivariate logistic
regression did not support an independent effect of age on
severity. Rather, viral factors such as duration of shedding,
innate chemokine responses, and the number of chronic
medical conditions had the greatest association with disease
severity.

Finally, we were interested in exploring T-cell responses to
infection. Previously, we reported an age-related decrease in
interferon y production in antigen-stimulated PBMCs and a
decrease in the ratio of CD8"/CD4" memory T cells express-
ing interferon vy after in vitro stimulation with RSV [32, 33].
Others have also reported that the number of RSV-specific
memory CD8" T cells in peripheral blood diminishes with ad-
vancing age [34, 35]. In this study, we noted an increase in
activated and proliferating CD8" T cells in older persons with
both mild and severe illness due to RSV, compared with
mildly ill younger persons. Since the assay does not use
antigen stimulation, it is unclear whether the activated CD8"
T cells are all RSV specific, and it is possible that bacterial
coinfection or generalized activation by cytomegalovirus in
the oldest and most ill group could play a role in activating
CD8" T cells. Some have proposed that CD8" T cells with
these phenotypes may be a more accurate measure of the total
antiviral T-cell response than methods such as tetramer stain-
ing, which will underestimate the total viral T-cell response by
using single epitopes [24, 36]. If so, this study might suggest
that CD8" T-cell responses may not be specifically deficient in
older persons, although their functional capacity, which was
not measured, could be impaired. Our results suggest that
older persons, especially those with more severe disease, have
increased T-cell activation, and it is possible these cells are
causally implicated in disease severity. However, our data do
not address whether differences in T-cell responses contribute
to prolonged and higher virus shedding in older persons.
Further analysis of the T-cell responses in these subjects is
currently in progress.

This study has a number of limitations. The foremost limi-
tation is the study’s inability to precisely determine the time of
virus inoculation and duration of infection prior to evaluation
as it relates to measurements of cytokine, antibody, and T-cell

responses. We chose to use time from symptom onset, ac-
knowledging that this may be an imprecise measurement, es-
pecially in older and severely ill subjects, although the
consistent shedding curves for outpatient and inpatient groups
(Supplementary Figure 1) suggest that this is a reasonable ap-
proach. In addition, despite our use of logistic regression anal-
ysis, a larger study may have been required to identify age as a
risk for severe disease, given the degree of heterogeneity in our
subject population.

In summary, older adults and those with more severe disease
shed virus longer and at slightly higher levels and have greater
mucosal innate chemokine responses during RSV infection
than younger adults or those with mild disease. However, the
greatest influence on disease severity is underlying medical
comorbidities, a factor less amenable to modification. Thus,
prevention with an effective vaccine would be desirable.
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