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Background. The high burden of respiratory syncytial virus (RSV)-associated morbidity and mortality makes
vaccine development a priority.

Methods. As part of an efficacy trial of pandemic influenza vaccines (NCT01051661), RSV epidemiology in
healthy children aged 6 months to <10 years at first vaccination with influenza-like illness (ILI) was evaluated in
Australia, Brazil, Colombia, Costa Rica, Mexico, the Philippines, Singapore, and Thailand between February 2010
and August 2011. Active surveillance for ILI was conducted for approximately 1 year, with nasal and throat swabs
analyzed by polymerase chain reaction. The prevalence and incidence of RSV among ILI episodes were calculated.

Results. A total of 6266 children were included, of whom 2421 experienced 3717 ILI episodes with a respiratory
sample available. RSV was detected for 359 ILI episodes, a prevalence of 9.7% (95% confidence interval: 8.7-10.7).
The highest prevalence was in children aged 12-23 or 24-35 months in all countries except the Philippines, where it
was in children aged 6-11 months. The incidence of RSV-associated ILI was 7.0 (6.3-7.7) per 100 person-years (PY).
Eighty-eight ILI episodes resulted in hospitalization, of which 8 were associated with RSV (prevalence 9.1% [4.0-
17.1]; incidence 0.2 [0.1-0.3] per 100 PY). The incidence of RSV-associated ILI resulting in medical attendance was
6.0 (5.4-6.7) per 100 PY. RSV B subtypes were observed more frequently than A subtypes.

Conclusions.  Active surveillance demonstrated the considerable burden of RSV-associated illness that would not
be identified through hospital-based surveillance, with a substantial part of the burden occurring in older infants and
children.
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Respiratory syncytial virus (RSV) is the most important agent to
cause acute lower respiratory infection (ALRI) in young chil-
dren; it also affects older adults and the immunocompromised
[1]. RSV infection elicits symptoms ranging from sinusitis and
otitis media to bronchiolitis and pneumonia [1]. In temperate
climates, outbreaks occur in winter months. Tropical countries
also have RSV seasons but with greater variation than in tem-
perate locations [2].

A review of the global burden of RSV estimates an annual inci-
dence of approximately 34 million episodes of ALRI associated
with RSV infection in children aged <5 years [3].Just over 3 mil-
lion episodes were estimated to result in hospitalization and
between 66 000 and 199 000 in death [3]. Most deaths (99%)
occur in the developing world [3]. Infants have consistently
higher rates of RSV-associated illness and hospitalization than
older children in both industrialized and developing nations [3-7].

The high burden of RSV-associated morbidity and mortality
means that development of safe and effective vaccines is a pri-
ority. Several candidates are in development [8]. However, more
information on the epidemiology of RSV is needed to inform
control strategies. Few studies have captured RSV burden
using community-based active surveillance of healthy children
and laboratory-confirmed RSV. In addition, the burden and
seasonality of disease in southern hemisphere, tropical, and
subtropical countries need to be better understood, as does
the burden in specific age groups including older children.

Vaccine efficacy trials are ideally placed to evaluate viral
epidemiology, as they provide intensive, active follow-up of a
well-defined population. As part of an efficacy trial of pandemic
influenza vaccines, we evaluated the prevalence and incidence of
RSV in children aged 6 months to <10 years at first vaccination
and undergoing 1 year of prospective active and passive com-
munity-based surveillance for influenza-like illness (ILI).

METHODS

The primary objective was to estimate the prevalence of RSV
among ILI episodes. The incidence of RSV-associated ILI in
the study population and occurrence of coinfection of RSV
with other respiratory viruses in ILI were also estimated. Samples
were obtained from an efficacy trial of 2 pandemic influenza
HINI vaccines (NCT01051661 sponsored by GlaxoSmithKline
Biologicals S.A.) [9].

Design and Conduct of the Clinical Trial

The trial was a randomized, observer-blind, parallel group, mul-
ticountry trial of AS03-adjuvanted vs nonadjuvanted mono-
valent pandemic HIN1 vaccines. The trial was conducted at
17 centers in Australia, Brazil, Colombia, Costa Rica, Mexico,
the Philippines, Singapore, and Thailand between 15 February
2010 and 19 August 2011. Completion of enrollment took up to

6 months and varied by country [9]. The institutional re-
view board for each participating center approved the trial.
Parents/guardians provided written informed consent. Healthy
children aged 6 months to <10 years were enrolled.

Surveillance for Influenza-like lliness and Sample Analysis
Passive surveillance was conducted from the day of first vacci-
nation; parents were instructed to contact the study center with-
in 24 hours after the child became ill. Active surveillance via
scripted telephone contact was conducted from 2 weeks after
first vaccination, and contact was made every 1-2 weeks through
day 385. ILI was defined as fever (temperature, >38.0°C) by any
route and at least 1 of the following: new/worsening cough, sore
throat, nasal congestion, or rhinorrhea.

One anterior nasal swab and 1 throat swab were collected ide-
ally within 24 hours of ILI onset and, at most, within 7 days.
Swabs were transported in a single tube of M4RT transport me-
dium, stored at —70°C, and maintained on dry ice during trans-
port. Samples were ideally collected at the child’s home, but a visit
to a study center could be arranged if necessary. If the child was
hospitalized, the sample was collected at the hospital if feasible. A
7-day symptom-free period was required between new ILI epi-
sodes. Analysis of samples for RSV (subtypes A and B) and
other respiratory pathogens was performed using standard mul-
tiplex polymerase chain reaction (PCR) techniques [9, 10].

Outcome Variables and Statistical Analysis

The primary outcome variable was PCR-confirmed RSV in
nasal/throat swabs in children with ILI. The primary outcome
included both single RSV infection and coinfections with other
respiratory viruses. Single RSV infections and coinfections with
other respiratory viruses were also recorded separately. Pneu-
monia was documented in children with ILI and was defined
as an acute illness (1 or more of the following symptoms:
fever [temperature, >38°C], new or worsening cough, dyspnea,
consistent auscultation findings [rales or diminished breath
sounds], pain in the chest or abdomen when breathing, or pu-
rulent or bloodstained sputum production) and radiologic find-
ings consistent with pneumonia. Clinical characteristics of the
ILI episode (reported by the child’s parent), any medical atten-
dance, and any hospitalization were recorded. Medical atten-
dance did not include contact with study personnel to collect
nasal/throat samples.

Analysis of prevalence was performed on the total cohort,
with ILI episodes tested by multiplex PCR, which included all
children enrolled who experienced an ILI and had an adequate
nasal/throat sample. The prevalence of RSV and other respira-
tory viruses among ILI episodes was calculated as follows:

X
Prevalence = —
N
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where X is the number of ILI episodes with nasal/throat samples
positive for the virus and N is the total number of ILI episodes
with samples that were collected within 7 days and tested. As
there was a window of at least 7 days between 2 ILI episodes,
it was assumed that each episode was independent. The exact
95% confidence interval (CI) was computed [11]. Prevalence
was stratified according to country and age at the time of the
ILI episode (6-11, 12-23, 24-35, 36-59, 60+ months), whether
the child was medically attended (saw a doctor or other health-
care professional), and whether the child was hospitalized.

Analysis of incidence was performed on the total cohort,
which included all children enrolled. The incidence per 100 per-
son-years (PY) of RSV-associated ILI in the study population
was calculated as follows:

n

D &
i=1
n

> 8
i—1

=
where 7 is the total number of children enrolled, €; is the total

Incidence rate = x 100

number of RSV-positive ILI episodes for subject i, and §; is the
follow-up period for subject i. Incidence rate was stratified ac-
cording to country and age group at the time of the ILI episode.
Exact 95% Poisson CIs were calculated [12]. All observations
with incomplete data for the outcome variable and ILI episodes
for which no nasal/throat sample was taken were removed from
the analysis. The missing data were accounted for using an
analysis whereby the missing proportion for each country and
age group was calculated, then the PY was multiplied by
(1 minus missing proportion).

RESULTS

A total of 6266 children were included in the randomized trial
(total cohort); of this total, 3717 ILI episodes that occurred in
2421 children were included in the present analysis (total cohort
with ILI episodes tested by multiplex PCR; Figure 1). Demo-
graphics were similar in both cohorts, except that children in
the total cohort were older (mean age 58 months vs 47 months;
Table 1). A total of 399 children experienced ILI but did not
have an adequate sample for laboratory testing (Figure 1); de-
mographics in this group were also similar to those of the
evaluated cohort, except that children were older (mean age
55 months; Supplementary Table 1).

Prevalence of RSV Among ILI Episodes and Incidence of RSV-
Associated ILI

RSV (subtype A or B) was detected for 359 ILI episodes, an
overall prevalence of 9.7% (95% CI, 8.7-10.7; Table 2). Of
these, 235 episodes (6.3%) were associated with an infection
of RSV only and 124 (3.3%) with RSV plus coinfection with
another respiratory virus(es), most commonly rhinovirus/
enterovirus (Supplementary Table 2). The prevalence of RSV
in ILI ranged from 4.2% in Costa Rica to 16.0% in the Philip-
pines and 16.2% in Australia (Table 2; Figure 2).

Overall, the prevalence of RSV in ILI declined with age
(Table 2; Figure 2). However, the Philippines was the only coun-
try in which prevalence was highest in the 6- through 11-month
age group (37.1%). In other countries, the highest prevalence
was in the 12- through 23- or the 24- through 35-month age
groups. No children aged 6-11 months in Australia, Colombia,

N =4653

ILI episodes from influenza vaccine trial

(2823 participants with ILI, 3443 participants with no ILI)

| —

No swabs: 922
Incorrect sample: 2
Unable to test: 2
Sample lost: 1

Sample not received: 2

ILI episodes tested in present study
N =3724 (2424 participants)

|_.

Insufficient quantity: 2
Unavailable to test: 3
Samples collected

>7 days after IL| onset: 2

ILI episodes with laboratory results
N=3717 (2421 participants)

Figure 1.

Participant disposition. Abbreviation: ILI, influenza-like illness.
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Table 1. Subject Demographics

Age at Enrollment,®

Age Group at Enrollment,® Months (N [%])

Male Gender Months (Mean

Country N (N [%]) [Standard Deviation]) <6 6-11 12-23 24-35 36-59 60+

Total cohort (N = 6266)
All countries 6266 3156 (50.4) 57.6 (31.6) 3(0) 357(5.7) 700(11.2) 816 (13.0) 1556 (24.8) 2834 (45.2)
Australia 317 159 (50.2) 60.9 (32.0) 1(0.3) 18(5.7) 34 (10.7) 28(8.8) 8(24.6) 158 (49.8)
Brazil 983 478 (48.6) 61.0 (30.6) 0(0) 39 (4.0) 59 (6.0) 144 (14.6) 269 (27.4) 472 (48.0)
Colombia 927 498 (563.7) 61.5 (30.8) 0(0) 43 (4.6) 80 (8.6) 98 (10.6) 262 (28.3) 444 (47.9)
Costa Rica 444 230 (51.8) 58.1 (31.1) 0(0) 26 (5.9) 51(11.5) 51(11.5) 104 (23.4) 212 (47.7)
Mexico 1137 565 (49.7) 59.1 (31.5) 0(0) 69 (6.1) 108(9.5) 114 (10.00 312 (27.4) 534 (47.0)
Philippines 1773 873 (49.2) 52.6 (33.0) 0(0) 131(7.4) 298(16.8) 297 (16.8) 342 (19.3) 705 (39.8)
Singapore 151 72 (47.7) 68.3 (27.5) 0(0) 2(1.3) 6 (4.0) 3 (8.6) 7(17.9) 103 (68.2)
Thailand 534 281 (52.6) 52.9 (29.1) 2(0.4) 29(54) 64 (12.0) 1(13.3) 162 (30.3) 206 (38.6)

Total cohort with influenza-like illness episodes tested by multiplex polymerase chain reaction (N = 2421)
All countries 2421 1263 (562.2) 47.4 (29.5) 2(0.1) 217(9.0) 397 (16.4) 396 (16.4) 651(26.9) 758 (31.3)
Australia 82 40 (48.8) 45.7 (28.2) 1(1.2) 8 (9.8) 13 (16.9) 12 (14.6) 3(28.0) 25 (30.5)
Brazil 442 215 (48.6) 51.3 (28.2) 0(0) 27 (6.1) 36 (8.1) 88 (19.9) 141 (31.90 150 (33.9)
Colombia 387 213 (65.0) 51.2 (29.0) (0) 30 (7.8) 50 (12.9) 56 (14.5) 126 (32.6) 125(32.3)
Costa Rica 192 116 (60.4) 50.5 (31.1) 0(0) 17 (8.9) 31(16.1) 30 (15.6) 2(21.9) 72 (37.5)
Mexico 435 232 (563.3) 49.2 (29.7) 0(0) 43 (9.9) 64 (14.7) 43(9.9 139 (32.0) 146 (33.6)
Philippines 724 366 (50.6) 42.6 (30.5) 01(0) 81(11.2) 172(23.8) 140 (19.3) 32 (18.2) 199 (27.5)
Singapore 34 19 (565.9) 60.4 (25.1) (0) 0(0) 2 (5.9) 5 (14.7) 6(17.6) 21 (61.8)
Thailand 125 62 (49.6) 37.2 (21.0) (0.8) 11(8.8) 29 (23.2) 2(17.6) 2 (33.6) 20 (16.0)

Abbreviation: N, number of children.

@ Age at enrollment was calculated based on the difference between the birth date and the date of informed consent form signature. All children were aged >6

months at first vaccination.

Costa Rica, Singapore, or Thailand experienced an ILI episode
associated with RSV infection; the prevalence in Brazil and Me-
xico was 6.7% and 6.3%, respectively.

The overall prevalence of RSV subtype A among ILI episodes
was 3.0% and varied by country and age (Supplementary Table 3).
Across all age groups, it was highest in Australia (7.2%) and low-
est in Costa Rica (0.3%); across all countries, it was highest in the
36- through 59-month age group (4.5%) and lowest in the 6-
through 11-month age group (1.4%). The overall prevalence of
RSV subtype B among ILI episodes was 6.5% and was also var-
iable by country and age (Supplementary Table 4). Across all age
groups, it was highest in the Philippines (15.2%) and lowest in
Mexico (0.9%); across all countries, it was highest in the 6-
through 11-month age group (16.8%) and lowest in the >60-
month age group (1.7%).

The overall incidence of RSV-associated ILI in the study pop-
ulation was 7.0 (95% ClI, 6.3-7.7) per 100 PY. The highest inci-
dence occurred in children aged 12-23 and 24-35 months in all
countries except the Philippines, where the incidence was high-
est in the youngest age group, and in Mexico, where it was
similar in children aged 6-11, 12-23, and 24-35 months
(Table 3). The Philippines had the highest incidence of RSV-
associated ILI (81.1 per 100 PY), followed by Brazil, Singapore,

and Australia (21-28 per 100 PY); lower incidences were re-
corded for Colombia, Costa Rica, Mexico, and Thailand (13-
15 per 100 PY). The occurrence of RSV at different times of
the year was highly variable across countries (Figure 3).

Hospitalization, Medical Attendance, and Clinical Characteristics
of ILI Episodes Associated With RSV Infection

A total of 88 ILI episodes resulted in hospitalization, of which 8
were associated with RSV (9.1% [95% CI, 4.0-17.1]). The
prevalence among nonhospitalized episodes was similar (9.7%
[95% CI, 8.7-10.7]). The overall incidence of RSV-associated
ILI hospitalization was 0.2 (95% CI, .1-.3) per 100 PY. No
pattern of hospitalization across age groups or countries was
observed (Supplementary Table 5).

The median hospital stay for the 8 episodes was 5 days (range,
1-10 days). Three hospitalizations occurred in children with RSV
and coinfection with another respiratory pathogen(s): stay of 4
days for a 33-month-old in Thailand (RSV-rhinovirus/enterovi-
rus), 3 days for a 52-month-old in Thailand (RSV-adenovirus),
and 10 days for a 26-month-old in Colombia (RSV-rhinovirus/
enterovirus). The remaining hospitalizations were associated with
RSV infection alone: stay of 6 days for an 11-month-old in the
Philippines, 2 days for a 26-month-old in Colombia, 1 day for
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countries

Australia
Brazil

2.4-29.2)
1.2-6.0)
3.2-9.8)
1.1-7.7)
1.9-7.8)

.6-4.1)

3.0
5.9
3.4
4.2
1.8

3 111
7
13

5

9

5

1

1

27
236
221
148
216
281

2

3

5.6-29.2)
3.5-10.1)
6.0-14.9)
5.1-13.1)
7.6-17.1)

.2-31.9)
9-11.9)

14.6
6.3
9.8
8.6

1.7
6.7
4.2

6
5
19
3
8
1
3

196 23
1
71

41
240
193

8

14.4-25.0)
6.8-93.2)
9.9-42.3)

7.4

3 214
6.6
10.6
13.8

2 50.0

7 233

9
9
5

14

136

85

68

87 12

233 45 19.3
4

30

9.8-46.7)
5.9-21.0)
5.0-21.0)
4.0-14.4)
20.9-31.6)
0-84.2)
1-16.7)

0

11.3
3.2

8.1
26.0

8
3

6 25.0
10 12.0
0

1

1
71

24
8
71
69
123
273
8

25.2-50.3)

0-52.2)
2-31.9)
0-28.5)
.8-20.8)

0 (0-60.2)

0
0

6.7
6.3

0
4

0
1
0
0
32 2
62 23 37.1
0

5
15
14
11

9.9-24.4)
4.3-7.9)
6.3-10.9)
2.4-6.8)
5.7-9.9)
13.8-18.3)
2.3-19.6)
3.7-12.0)

5.8
8.4

4.2
7.6

8.2
7.1

18 16.2
4

42

51

111

710

584 49
379 1

669

1045 167 16.0
49

170

Singapore

Colombia
Costa Rica
Mexico
Philippines
Thailand

percentage of ILI episodes in which RSV was detected (n/N). Total number of ILI

N, number of influenza-like illness (ILI) episodes; n, number of ILI episodes in which respiratory syncytial virus (RSV) was detected; % =

episodes = 3717.

Abbreviation: Cl, confidence interval.

a 29-month-old in Costa Rica, 6 days for a 21-month-old in Me-
xico, and 7 days for a 10-month-old in Mexico.

Among the 80.4% of ILI episodes that were medically attended,
RSV prevalence was 10.4% (95% CI, 9.3-11.6). RSV prevalence
among nonmedically attended ILI episodes was 6.6% (95% CI,
4.9-8.6). The overall incidence of RSV-associated ILI resulting
in medical attendance was 6.0 (95% CI, 5.4-6.7) per 100 PY. No
pattern across age groups or countries was observed (Table 4).
Among RSV-associated ILI episodes, medical attendance was
similar regardless of whether children were infected with RSV
alone (88.1%) or coinfected with RSV and another respiratory
pathogen(s) (83.9%).

All children with ILI associated with RSV experienced fever
(part of the ILI case definition) and most experienced a runny
nose (81%). A total of 23% of children experienced a sore throat
and 39% experienced a stuffy nose. Almost all children with ILI
associated with RSV experienced a new or worsening cough
(96%), which is a common symptom of lower respiratory
tract infection. Among children with ILI but no RSV infection,
78% experienced a new or worsening cough. The median length
of ILI episode associated with RSV was 8 days. The median in
different age groups ranged from 6 to 10 days in Australia, 6 to
16 days in Brazil, 7 to 9 days in Colombia, 12 to 25 days in Costa
Rica, 5 to 14 days in Mexico, 5 to 8 days in the Philippines, 0 to
10 days in Singapore, and 6 to 9 days in Thailand. A total of 29%
of RSV-associated episodes resulted in absence from school or
day care, with a median of 3 days missed. The median in different
age groups ranged from 1 to 3 days in Australia, 1 to 4 days in
Brazil, 2 to 16 days in Colombia, 4 to 16 days in Costa Rica, 2 to
3.5 days in Mexico, 1 to 4 days in the Philippines, 1 to 2 days in
Singapore, and 4 to 6.5 days in Thailand. The highest number of
days missed occurred in children aged 24-35 months in all
countries except the Philippines and Singapore. In these coun-
tries, only children in the 2 oldest age groups missed school or
day care, with the longest periods occurring in the 36- through
59-month age group.

Twenty children with ILI experienced pneumonia in the
clinical study and had nasal/throat samples collected and tested.
Only 3 ILI episodes that resulted in pneumonia had RSV detect-
ed. The prevalence of RSV in pneumonia was 15.0% (95% CI,
3.2-37.9). The episodes occurred in a 14-month-old in Colom-
bia, associated with RSV alone and lasting 13 days with 4 days
hospitalization; a 26-month-old in Colombia, associated with
RSV and rhinovirus/enterovirus and lasting 13 days with 3 days
hospitalization; and a 21-month-old in Mexico, associated with
RSV alone and lasting 7 days with 5 days hospitalization.

DISCUSSION

To understand RSV epidemiology and implement effective con-
trol measures, it is essential to capture the RSV burden in
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ILI episodes in which
RSV was detected (%)
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24-35

36-59

Age, in months, at time of IL| episode

Figure 2.

Prevalence of influenza-like illness (ILI) episodes in which respiratory syncytial virus (RSV) was detected, by country and age (total cohort with

ILI episodes tested by multiplex polymerase chain reaction). Abbreviations: AU, Australia; BR, Brazil; CO, Colombia; CR, Costa Rica; MX, Mexico; PH,

Philippines; SG, Singapore; TH, Thailand.

communities. We therefore conducted 1 year of prospective ac-
tive and passive community-based surveillance of healthy chil-
dren in multiple tropical and southern hemisphere countries
where prospective data are lacking. Because community-based
surveillance is difficult and costly to carry out, most studies
have been based on hospital-based surveillance. This captures
only severe RSV infection that has resulted in hospitalization
[3] and is limited in developing countries by its dependence
on access to hospitals. Because our study was conducted as
part of a clinical trial, it benefitted from active follow-up, a
well-characterized population, consistent methodology between
countries, samples taken from a high proportion of children,
and use of a sensitive and specific PCR assay for RSV detection.
In addition, we studied a wide age range up to 10 years, unlike
most other studies that typically focused on children aged <5

years. By stratifying the age groups, we could detect differences
in incidence and prevalence across ages.

The study showed a prevalence of RSV type A or B in ILI
ranging from 4.2% to 16.2% across countries, with an overall
prevalence of 9.7%. The observed overall prevalence of RSV
subtype B in ILI was higher than subtype A (6.5% vs 3.0%), al-
though this was not consistent across countries. Overall, preva-
lence declined with age, ranging from 18.2% in the 6- through
11-month age group to 3.7% in the >60-month age group. The
Philippines was the only country with the highest RSV preva-
lence in the youngest age group (37.1%); in other countries,
the highest prevalence was in the 12- through 23- or the 24-
through 35-month age groups. The incidence of RSV in ILI
across countries ranged from 0 to 81.1 per 100 PY (6-11
months), 0 to 31.1 per 100 PY (12-23 months), 10.8 to 24.7

Table 3.
Virus was Detected, by Country and Age Group (Total Cohort)

Incidence per 100 Person-Years (95% Confidence Interval) of Influenza-like lliness Episodes in Which Respiratory Syncytial

Age Group (Months) at Time of Influenza-like lliness Episode

6-11 12-23 24-35 36-59 60+

Person- Person- Person- Person- Person-

years Incidence years Incidence years Incidence years Incidence years Incidence
Australia 2.4 0 (0-153.7) 28.7 20.9 (7.7-45.5) 27.7 10.8(2.2-31.6) 63.0 95(3.5-20.7) 1205 2.5 (5-7.3)
Brazil 52 19.2(5-107.0) 36,6 28.1(135-51.6) 734 123(5.6-23.3) 1920 7.8(44-12.9) 3395 2.1(8-4.3)
Colombia 6.2 0 (0-59.2) 51.1 15.7 (6.8-30.8) 67.4 13.4(6.1-25.3) 1839 10.3(6.2-16.1) 430.9 3.0(1.6-5.2)
Costa Rica 4.6 0 (0-81.1) 28.0 10.7 (2.2-31.3) 34.1 14.7 (4.8-34.3) 573 52(1.1-156.3) 1458 3.4(1.1-8.0)
Mexico 14.6 13.7 (1.7-49.6) 85.8 11.7 (6.6-21.4) 101.7 11.8(6.1-20.6) 291.3 6.2(3.7-9.8) 543.0 1.7(8-3.2)
Philippines 28.4 81.1(51.4-121.6) 228.7 31.1(24.3-39.2) 293.7 15.3(11.2-20.5) 376.4 6.1(3.9-9.2) 7695 0.7 (.2-1.5)
Singapore NA NA 2.7 0 (0-137.8) 8.1 24.7 (3.0-89.3) 186 5.4 (.1-30.0) 88.0 1.1(.0-6.3)
Thailand 5.1 0(0-72.2) 437  2.3(1-12.8) 46.4 15.1(6.1-31.1) 1358 2.2 (5-6.5) 179.56 0.6 (.0-3.1)

Total number of ILI episodes =3717.
Abbreviations: ILI, influenza-like illness; NA, not applicable.
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Figure 3. Monthly distribution of influenza-like illness (ILI) episodes in which respiratory syncytial virus (RSV) was detected.

per 100 PY (24-35 months), 2.2 to 10.3 per PY (36-59 months),
and 0.6 to 3.4 per PY (60+ months). The Philippines and Mexico
were the only countries with the highest incidence in infants aged
6-11 months; in other countries, the highest incidence was in the
12- through 23- or the 24- through 35-month age groups. How-
ever, interpretation of the 6-11 month estimates was limited, as
data were sparse in this age group, with only 3.8% (143/3717) of
ILI episodes occurring among children aged 6-11 months at the
time of the episode, resulting in wide CIs. A cohort effect was also
probable, since children left the age group when they reached age
12 months, but no other children entered it. Thus, unlike the other
groups, no children remained in the 6- through 11-month age
group approximately 6 months post-enrollment, with the result

that the observation period for this group was shortened and es-
timates captured only a portion of the total RSV season.

Active surveillance studies tend to report higher prevalence
and incidence of RSV than passive surveillance but are much
less common [3]. A few active surveillance studies reporting
the prevalence or incidence per person-years of RSV in respira-
tory disease are available; however, differences in case defini-
tions, location, age, and method of viral detection limit
comparison with our study. In Australia, active surveillance de-
tected RSV in 7% of samples from preschool children with acute
respiratory infection (ARI) [13]. A global systematic review of
RSV-associated ALRI in children aged <5 years identified 36
studies, of which 6 used active surveillance [3]. The estimated
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Incidence per 100 Person-Years of Medically Attended Influenza-like Iliness Episodes in Which Respiratory Syncytial Virus was Detected, by Country and Age Group (Total

Table 4.

Cohort)

Age Group (Months) at Time of Influenza-like lliness Episode

60+

36-59

24-35

12-23

6-11

Incidence per 100
n Person-years (95% Cl)

Incidence per 100
Person-years (95% Cl)

Incidence per 100 Incidence per 100
Person-years (95% Cl)

Person-years (95% Cl)

Incidence per 100 Person-

N

n

N

n

N

n

N

years (95% Cl)

0-4.6)
7-3.9)
1.0-4.0)

1.8

0.8
2.1
21

5

17
173 6
131 9
179 6
281
21 0
25

1.7-16.3)
4.0-12.2)
5.0-14.1)
3.1-8.9)
3.7-8.9)

6.4
7.3

5.3
5.8
54

8.7

4

24
186 14
128 16
50
187 16
194 22
9
60

2.2-31.6)
2.2-15.9)
3.3-19.4)
10.6-19.7)
3.0-89.3)
4.8-28.2)

7-21.2)
5.4-19.4)

6.8
8.9
59

10.8
10.8
14.6
247
12.9

3
5
6
2
6

1
107
B5)
37
70 11
226 43
21

7.7-45.5)
11.6-47.9)
3.2-22.8)
.9-25.8
4.8-19.9)
23.5-38.2)
0-137.8)

20.9
253
9.8
7.1
10.5
30.2
0

0

6
9
5
2
9
0
0

73
44
27

14

50
98
269 69

0-153.7)
.5-107.0)
0-59.2)
0-81.1)
1.7-49.6)
48.6-117.4)

NA
0(0-72.2)

0

19.2
0
0

13.7
775

0
1
2
22
0

4
9
2
0
4

1
27

Philippines 61
Singapore

Colombia
Thailand

Australia
Brazil
Costa Rica
Mexico

N, number of influenza-like iliness (ILI) episodes that resulted in medical attendance regardless of whether respiratory syncytial virus (RSV) was detected or not; n, number of ILI episodes that resulted in medical

=730;

2987; number of ILI episodes not resulting in medical attendance

3717; number of ILI episodes resulting in medical attendance =

attendance in which RSV was detected. Total number of ILI episodes
number of RSV-positive ILI episodes resulting in medical attendance

=311.

Abbreviations: Cl, confidence interval; NA, not applicable.

incidence per 100 PY in these studies was 2.2 in Bangladesh, 2.7
in India, 4.8 in Indonesia, 8.4 in Kenya, 9.4 in Nigeria, and 12.8
in Guatemala.

Several other active surveillance studies have evaluated RSV
in different age groups. In children in Indonesia aged <59
months, the incidence of RSV-associated lower respiratory
tract infection (LRTT) was highest in children aged 6-23 months
(19.8,10.4, and 15.4 per 100 PY in the 6- through 8-, 9- through
11-, and 12- through 23-month age groups) [14]. A much lower
incidence of RSV-associated LRTI in Indonesia was seen in an-
other study, although the highest incidence was again in the 6-
through 8-month age group [15]. In Indonesia, the relatively
low incidence in 0- to 5-month-olds is hypothesized to be
linked to a cultural practice where newborns are kept as isolated
as possible during the first months of life. Use of the same pro-
tocol in Nigeria yielded incidence rates up to approximately 20
per 100 PY, with the highest rates in the 3- through 5- and 9-
through 11-month age groups [15]. In Kenya, the incidence of
RSV-associated LRTI was highest in infants aged 0-5 months
(14.7 per 100 PY), with incidences of 5.9 to 8.8 per 100 PY in
children aged 6-30 months [7]. A study in India reported a
more uniform distribution of RSV-associated ALRI across age
groups (3.3, 5.2, and 2.7 per 100 PY in children aged 0-11,
12-23, and 24-35 months, respectively) [16].

Our study illustrated the considerable burden of RSV-associated
illness. As far as we know, it is the first active surveillance study
of RSV to capture incidence data on medical attendance outside
the hospital setting. Most ILI episodes were medically attended,
with an overall incidence of RSV-associated ILI requiring med-
ical attendance of 6.0 per 100 PY. One third of ILI episodes as-
sociated with RSV resulted in absence from school or day care;
however, not all children attended school or day care. Eight of
88 ILI episodes that required hospitalization were associated
with RSV, an overall incidence of 0.2 per 100 PY. This compares
with RSV-associated LRTI hospitalization of 1 per 100 PY in
Kenya [7]. However, surprisingly few pneumonia cases were
observed in our study. A recent review of pneumonia worldwide
estimated the number of new episodes of RSV-associated pneu-
monia in children aged 0-4 years to be 17 778 in Australia,
431938 in Brazil, 140 879 in Colombia, 10 724 in Costa Rica,
320132 in Mexico, 700 364 in the Philippines, 3126 in Singa-
pore, and 186 889 in Thailand, although the incidence rate
was not calculated [17].

One of the most important study limitations was that only
healthy children entered the efficacy trial (eg, no children with
malnutrition), so that participants were healthier than those
from a random community sample, thus, limiting generalizabil-
ity. Despite this limitation, we demonstrated a high RSV burden,
highlighting that it is not confined to children at high risk. Be-
cause fever was part of the ILI definition, we did not capture
all ARI and are likely to have missed some cases associated
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with RSV in children with no fever. To put this into context, fever
was recorded in approximately 70% of RSV-positive respiratory
tract infections primarily in children aged <2 years 6 months [18,
19]. In addition, we were unable to calculate absolute population
denominator rates for RSV incidence or hospitalization, and we
had relatively small numbers of RSV-associated illness for suba-
nalyses. Finally, we recruited no children aged <6 months and a
limited number of children aged 6-11 months, so our findings
are relevant only to older children.

Our use of active surveillance of healthy children provided
evidence of the considerable burden of RSV-associated illness
that would not be identified through the more usual hospital-
based surveillance methods. A substantial part of the RSV bur-
den occurs in older infants and children. This has implications
for future vaccination strategies, including the possibility of
broadening the target age range.
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