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Summary

Background Respiratory syncytial virus (RSV) is a major cause of hospitalisation in infants. The burden of RSV
infection in healthy term infants has not yet been established. Accurate health-care burden data in healthy infants are
necessary to determine RSV immunisation policy when RSV immunisation becomes available.

Methods We performed a multicentre, prospective, observational birth cohort study in healthy term-born infants
(=37 weeks of gestation) in five sites located in different European countries to determine the health-care burden of
RSV. The incidence of RSV-associated hospitalisations in the first year of life was determined by parental questionnaires
and hospital chart reviews. We performed active RSV surveillance in a nested cohort to determine the incidence of
medically attended RSV infections. The study is registered with ClinicalTrials.gov, NCT03627572.

Findings In total, 9154 infants born between July 1, 2017, and April 1, 2020, were followed up during the first year of
life and 993 participated in the nested active surveillance cohort. The incidence of RSV-associated hospitalisations in
the total cohort was 1-8% (95% CI 1-6-2-1). There were eight paediatric intensive care unit admissions, corresponding
to 5-5% of 145 RSV-associated hospitalisations and 0-09% of the total cohort. Incidence of RSV infection in the active
surveillance cohort confirmed by any diagnostic assay was 26-2% (24-0-28-6) and that of medically attended RSV

infection was 14-1% (12-3-16-0).

Interpretation RSV-associated acute respiratory infection causes substantial morbidity, leading to the hospitalisation
of one in every 56 healthy term-born infants in high-income settings. Immunisation of pregnant women or healthy
term-born infants during their first winter season could have a major effect on the health-care burden caused by RSV

infections.

Funding Innovative Medicines Initiative 2 Joint Undertaking, with support from the EU’s Horizon 2020 research and
innovation programme and European Federation of Pharmaceutical Industries and Associations.

Copyright © 2022 Published by Elsevier Lid. All rights reserved.

Introduction

Respiratory syncytial virus (RSV) causes a substantial
burden of disease in infants worldwide with an estimated
annual mortality of 101400 in children younger than
5 years.! Although more than 97% of RSV-attributable
deaths occur in low-income and middle-income countries,
the health-care burden of RSV infection in high-income
countries is considerable, with an estimated annual
hospitalisation rate of three per 1000 children younger
than 5 years in the USA.? Passive immunisation against
RSV with palivizumab is available for high-risk groups,
including premature infants and children with congenital
heart disease or bronchopulmonary dysplasia. Because the
majority of children hospitalised with RSV have no
pre-existing conditions, a high morbidity is seen in infants
younger than 6 months despite the availability of
palivizumab.? Various maternal vaccine and passive
immunisation trials, which aim to protect all infants in the
first months of life, are currently in phase 3 or submitted
for regulatory approval.*® Expectations are that within
1-3 years one or several of these products will be approved
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by regulatory authorities and governments will have to
decide whether these newly available prevention strategies
should be implemented into their national immunisation
schedule.® Accurate information about RSV health-care
burden in healthy infants is essential for decision makers
to evaluate the health and economic benefit of these new
prevention strategies.

Most large studies that aimed to determine
RSV-associated hospitalisation rates in young children
included children with comorbidities, were country-
specific, and partly based on estimates instead of actual
numbers.””® Birth cohort studies estimate disease
incidence more accurately, but previous prospective birth
cohorts in healthy infants were relatively small
(158-1143 participants) and done in one centre or country,
restricting generalisability*™ To our knowledge, the
largest prospective birth cohort determining RSV burden
was a South African, single-centre study that reported
54 RSV-associated hospitalisations in 1143 children
(17% with comorbidity) in the first 2 years of life.” To
prepare for the introduction of RSV immunisation, the
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Research in context

Evidence before this study

We searched PubMed, using the terms “RSV” or “respiratory
syncytial virus”, "hospitalisations”, and “infant” or “first year of
life”, on May 31, 2022, for studies published between

Jan1, 1993, and May 31, 2022, with no language restrictions.
The results, 4957 articles, included mostly retrospective
analyses of RSV-coded hospitalisations from health registries or
prospective studies conducted in a single country. These studies
emphasised the large morbidity and mortality burden in young
children associated with RSV. In a systematic review and meta-
analysis from The Lancet, RSV was estimated to be associated
with 3-6 million hospitalisations for acute lower respiratory
infections and 101 400 in-hospital or out-of-hospital deaths in
children younger than 5 years, annually, worldwide. A gap exists
in the knowledge of the RSV burden in healthy term infants, the
largest population of RSV-infected infants. We identified

ten birth cohort studies that reported RSV-associated
hospitalisation in infants with estimates varying between

0-6% and 5%. These birth cohorts had relatively small sample
sizes with 156 to 1143 participants, and only five included only
healthy term-born children. The reliability and the precision of
these estimates can be improved by large prospective birth
cohorts conducted in multiple countries. Several maternal
vaccines and passive immunisation against RSV are currently at
advanced stages of clinical development or under review for
licensure. To decide how these new prevention strategies
should be included in national vaccination programmes, precise
estimates of the health-care burden of RSV infections in the
first months of life are required.

Respiratory Syncytial virus Consortium in Europe
(RESCEU) international consortium was funded by the
EU Commission to obtain accurate data on the incidence
and long-term consequences of RSV infection in healthy
term infants.

The primary objective of this study was to determine
the incidence of medically attended and hospitalised
RSV-associated respiratory infections in healthy term
infants in Europe. Secondary objectives included
estimating the incidence of symptomatic RSV infections,
the incidence of all-cause respiratory infections, and the
proportion of respiratory infections attributable to RSV.

Methods

Study design

The study design and protocol have been described
previously.” In short, healthy term-born infants were
enrolled at birth between July 1, 2017, and July 31, 2020,
in five sites each located in a different European country
representing western, northern, and southern Europe
(Spain, Finland, England, Scotland, and the Netherlands).
Children born at 37 weeks or more of gestation with no
evidence of significant cardiovascular, respiratory, renal,
gastrointestinal, haematological, neurological, endocrine,

Added value of this study

The RESCEU birth cohort study is the largest multicentre
prospective birth cohort that evaluated the incidence of
RSV-associated hospitalisations and medically attended acute
respiratory infections. It was designed to provide a precise and
up-to-date estimate of the total RSV incidence and health-care
burden in Europe. Almost 10 000 participants were enrolled in
five European countries and 97% were successfully followed up
during the first year of life. To estimate the incidence of
medically attended RSV infections, we actively followed up a
nested cohort of approximately 1000 participants.

The incidence of RSV-confirmed hospitalisations in the first year
of life was 1-8% (95% Cl 1-6-2-1). About half of hospitalisations
for respiratory tract infection in the first year of life were
associated with RSV. The majority (57:9%) of RSV-associated
hospitalisations occurred in children younger than 3 months.
The incidence of medically attended RSV infections was

14-1% (12:3-16.0).

Implications of all the available evidence

This study provides the precise estimates of the health-care
burden of RSV required to decide on future RSV immunisation
programmes. The health-care burden of RSV among healthy
infants is considerable in Europe, with one in 56 healthy term-
born infants hospitalised for RSV infection annually. As the
incidence of severe RSV infection is highest in the first months
of life, maternal vaccination as well as passive infant
immunisation could have a major effect on the health of
healthy term infants.

immunological, musculoskeletal, oncological, or
congenital disorders were considered healthy term-
born.”™ All participating children were followed up for at
least 1 year. Children diagnosed with comorbidities later
were not systematically excluded. We used parental
questionnaires to screen for hospitalisation for acute
respiratory infection (ARI) during the first year of life at
the age of 1 year. Hospital records, including RSV testing
results, were retrospectively assessed in case of
hospitalisation for ARI. All participating hospitals tested
for RSV during the RSV season as part of standard care
and were situated in a distinct geographical area to
ensure that children were preferentially referred to that
hospital if inpatient care was needed. For infants whose
parents did not complete the l-year questionnaire,
hospital records were screened for ARI hospitalisations
within the first year of life in participating hospitals.

At enrolment at all five sites, participants of the birth
cohort were also invited to participate in a nested cohort
(referred to as active surveillance cohort). Participants of
the birth cohort and the active surveillance cohort were
recruited on a voluntary basis and therefore were a
convenience sample of term-born children living in the
catchment area of the sites. To obtain a cohort with
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evenly distributed months and years of birth over the
recruitment period, sites were instructed to recruit
15-20 participants per week, including two participants
in the active surveillance cohort. Enrolment in the active
surveillance cohort continued until the planned sample
size was reached in each site (200 per site). Infants were
actively followed up until their first birthday during the
RSV seasons of 2017-18, 2018-19, and 2019-20. Between
Oct 1 and May 1 (or longer if RSV was still circulating),
parents were contacted weekly to report ARI symptoms
of their child. In case of an ARI, a study visit was
planned within 72 h of notification to obtain a nasal
swab for RSV testing. Parents completed a diary with
respiratory symptoms and health-care usage for 14 days
after symptoms onset.* Written or electronic informed
consent was obtained from the parents of all study
participants.

RSV detection in active surveillance cohort

At all sites, a nasal sample was collected during each
ARI episode by wusing minitip flocked swabs
(FLOQSwab, Copan Diagnostics, California, USA), and
directly stored in viral transport medium (MicroTest
M4RT [Remel, 3 mL]). All samples were stored at —80°C.
After the end of the study, all samples were tested with
in-house RSV quantitative reverse transcription PCR
(RT-qPCR; appendix p 2).** In addition, a point of care
test (POCT, Alere i RSV assay [Alere, Waltham, MA,
USA]) was performed at the time of sample collection
at the three sites in Spain, England, and the
Netherlands. If the infant had an RSV-positive ARI
episode, POCT was not performed during further ARIs.
An RSV-positive ARI episode was defined as a positive
test result from either in-house RT-qPCR or POCT,
or both.

Outcomes and statistical analysis

An ARI episode was defined as the onset or worsening of
any of the following symptoms for at least 1 day: runny or
blocked nose, coughing, wheezing, or dyspnoea.”
Episodes were associated with RSV if a POCT or in-
house PCR test was positive for RSV. Samples taken
more than 10 days after onset were excluded from
analysis. Medically attended ARI were defined as ARI
episodes with at least one visit to a health-care provider
(outpatient clinics, emergency department visits, general
practitioner visits) or hospitalisation. RSV-associated
hospitalisations, RSV-associated ARI, and medically
attended RSV-associated ARI were reported as incidence
(ie, the proportion of infants experiencing the event at
least once during their first year of life) and as incidence
rate per 1000 infant-months (number of events per
1000 infant-months of follow-up). The use of incidence
rates in addition to incidence was pre-defined in the
statistical analysis plan to account for possible variation
in follow-up time due to early dropouts of participants
and for participants experiencing outcomes more than
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once (appendix pp 17-44). Wheezing during the first year
of life was defined as at least one wheezing episode
reported by parents in the 1-year questionnaire.

Statistical analyses were performed according to the
predefined statistical analysis plan (appendix pp 17-44).
For sample size calculation of the total cohort, a yearly
incidence of hospitalisations of 0-7% was assumed on
the basis of previous literature.*? A sample size of
8700 would produce a two-sided 95% Clopper-Pearson
CI with a half-width of 0.2% for this incidence. If
accounting for 10% loss to follow-up 10000 infants were
to be included.” Similarly, a sample size of 1000 infants
was estimated for the active surveillance cohort, which
would produce a two-sided 95% Clopper-Pearson CI
with a half-width of 2%, for an assumed incidence
of medically attended ARI of 10%.** Baseline
characteristics and clinical parameters were summarised
by frequency and percentage for categorical variables
and mean (SD) or median (IQR) for continuous
variables. Baseline characteristics were compared
between groups using ¥2 tests for categorical variables,
Student’s t tests for normally distributed continuous
variables and Mann-Whitney U tests for not normally
distributed continuous variables. RSV status was
assumed negative when hospitalisation occurred outside
of the RSV season. RSV status of hospitalisations during
the RSV season and ARI in the active surveillance
cohort with invalid or missing RSV test results were
imputed using multiple imputation based on site, sex,
age, and meteorological season at time of hospitalisation
or ARI. Any missing observations for medical
attendance of ARIs was subsequently imputed using
the same set of predictors to which RSV status was
added. Imputation yielded ten complete datasets for
each of the two cohorts. After imputation, pooled
95% Wilson-score Cls were calculated for the proportion
of infants with atleast one RSV-associated hospitalisation
or ARI in the first year. Incidence rates were calculated
together with 95% Cls based on a Poisson distribution
and compared between subgroups of infants using
Poisson generalised linear models. Statistical analyses
were performed using SPSS (version 26) and R
statistical software (version 3.5.1).

The study was approved by the Institutional Review
Board of the University Medical Center Utrecht
(ref 17/069), National Health Service National Research
Ethics Service Oxfordshire Committee A (ref 17/SC/0335)
and South East Scotland Research Ethics Committee
(ref 17/SS/0086), the Ethics Committee of the Hospital
District of Southwest Finland (ref 17201), and Hospital
Clinico Universitario de Santiago de Compostela
(ref 2017/175).

This study followed the Strengthening the Reporting of
Observational ~Studies in Epidemiology (STROBE)
reporting guideline for cohort studies (appendix pp 11-16).

The study is registered with ClinicalTrials.gov,
NCT03627572.

See Online for appendix
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Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, writing of
the report or the decision to submit for publication.

Results

Between July 1, 2017, and July 31, 2020, 9466 healthy term
infants were recruited at birth, of whom 9154 (96-7%)
were included in the primary analysis (figure 1). Because
of the COVID-19 pandemic, 223 infants born after
April 1, 2020, were excluded as RSV was not circulating
during their first year of life. Between Sept 1, 2017, and
Nov 30, 2019, 1041 infants were enrolled in the active
surveillance cohort and 993 (95-4%) who participated for
at least 4 weeks were included in the analysis (figure 1).
Five deaths occurred in study participants, none was
related to RSV. There was substantial and expected
variation in baseline characteristics between countries
(table 1). Non-exhaustively, the most common ethnic
origin was according to country geographical location,
smokers in the family were more common in Spain, and
maternal vaccination was almost never reported in the
Netherlands where it was not recommended at the time.
Compared with the rest of the cohort, participants of the
active surveillance cohort more frequently reported
maternal vaccination against influenza or pertussis,
multiple births, a family history of atopy, and parental
university level of education, whereas parental smoking
and parental origin from northwest Europe were reported
less frequently; they also had fewer siblings and were
born later in the year than other participants.

We observed 388 ARI hospitalisations (figure 1 and 2,
appendix pp 3—4). Of these, 145 (37-4%) were positive for
RSV, 193 (49-7%) were negative or occurred outside the
RSV season, and 50 (12-9%) occurred during the RSV
season but were not tested for RSV (and status was
imputed). Among 145 RSV-associated hospitalisations,
RSV was detected during admission by hospital laboratory
PCR tests in 71 (49-0%) and by POCT in 67 (46-2%). The
test used was not documented for seven RSV-associated
hospitalisations. Overall, 143 (1-6%) children were
hospitalised with confirmed RSV, including two who
were admitted twice with RSV. After imputing missing
RSV test results, the incidence of RSV-associated
hospitalisation was 1-8% (95% CI 1-6-2-1), corresponding
to an RSV-associated hospitalisation incidence rate of 1-6
per 1000 infant-months (1-3-1-8; table 2). RSV-associated
hospitalisation incidence in countries varied between

Figure 1: Flow chart of participants in RESCEU birth cohort study for total
cohort and active surveillance cohort

ARI=acute respiratory infection. RSV=respiratory syncytial virus. *Did not continue
with active surveillance. tIncluding 16 RSV admissions (also counted in RSV
admissions). tIncluding seven ARl admissions (also counted in RSV-negative
admission). SNumber of children with wheezing of total number of children
with known wheezing status.
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1-1% (0-7-1-5) in Finland and 2-5% (1-8-3-4) in Spain
(table 3). RSV-associated hospitalisation incidence rate
was higher in children born in autumn (2-6 per
1000 infant-months, 2-0-3-3) than in children born in
winter (1-1 per 1000 infant-months, 0-8-1-6, Bonferroni
adjusted p=0-002) and spring (0-8 per 1000 infant-
months, 0-5-1-3, Bonferroni adjusted p=0-001; table 3,
appendix p 10). RSV-associated hospitalisation incidence
rate was highest in 2017-18 (2-7 per 1000 infant-months,
1-9-4-0) when the proportion of participating children
younger than 6 months was high, and lowest in 2019-20
(1-5 per 1000 infant-months, 1-1-1-8; table 3).

Out of 145 RSV-associated hospitalisations, 84 (57-9%)
were in children younger than 3 months (appendix
p 5, 10). In that age group, incidence of RSV-associated
hospitalisations peaked at 1 month to less than 2 months
of age (appendix p 10). Median duration of hospitalisation
was 3 days (range 1-19 days, IQR 2-5 days). Hospi-
talisations lasted longer in Spain (median 6 days,
IQR 5-6 days) than in the Netherlands (median 3 days,
IQR 2-6 days; p<0-003), Finland (median 2 days,
IQR 14 days), England (median 3 days, IQR 2—4 days),
and Scotland (median 2 days, IQR 1-3 days; p<0-001).
Duration of hospitalisation and other measures of severity
were not found to be associated with the incidence rate of
RSV-associated hospitalisations. Length of hospitalisation
was longer in infants younger than 3 months when
compared with infants aged 6 months to younger than
12 months (p=0-004), but not when compared with
infants aged 3 months to younger than 6 months
(p=0-27). Eight of 145 RSV-associated hospitalisations
(5:5%) led to admission to the paediatric intensive care
unit (0-09% of total cohort [n=9154 infants]), and three
(2%) required mechanical ventilation (0-03% of total
cohort). Six of eight infants admitted to the intensive care
unit were aged younger than 3 months (median age
1 month). Any respiratory support was more frequently
used in RSV-positive than RSV-negative hospitalisations
(77 [53-1%] of 145 vs 45 [23-3%] of 193, p<0-001).
Coinfections with other respiratory viruses were tested as
part of routine care in 85 (58-6%) and found in 34 (23 - 4%)
of 145 RSV-associated hospitalisations. Rhinovirus was
most frequently co-detected. In RSV-negative hospi-
talisations, rhinovirus, influenza, and parainfluenza were
the three most prevalent viruses (appendix p 5).

We registered 1520 ARI episodes in 993 infants in the
active surveillance cohort (figure 1, 2). A nasal swab was
collected during 1442 (94-9%) episodes. Missed episodes
was the main reason for not collecting a swab. 23 samples
collected later than 10 days after start of symptoms were
excluded. Most samples (87-7%) were collected within
7 days after the start of symptoms. In total, 262 (18-5%)
of 1419 episodes were positive for RSV in 249 infants
(figure 1). Among the 840 episodes tested by PCR and
POCT, RSV was detected only by POCT in five (0-6%).

RSV-A was detected in 142 (54-2%) of RSV-associated
ARI and RSV-B in 111 (42-4%). One sample was positive
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Figure 2: Number of all-cause and RSV-associated ARI by month for ARI (A), medically attended ARI (B), and hospitalised ARI (C)
ARl and medically attended ARl are derived from the active surveillance cohort; hospitalised ARl is derived from the passive surveillance cohort. ARI=acute respiratory

infection. RSV=respiratory syncytial virus.

for both RSV-A and RSV-B. RSV subtype was unknown
for ten ARI episodes: five were only tested by POCT,
four were only tested in hospital as part of routine care,
and for one the RSV subtype could not be determined.
Information about medical attendance was available for
1432 (94-2%) episodes. For 1353 (89-0%) ARI episodes
both RSV and medical attendance status were available.
Medical attendance was reported in 131 (52-2%) of
251 RSV-positive ARI, which was more frequent than in
RSV-negative ARI (298 [27-0%] of 1102, p<0-001).

After imputing missing RSV test results, the incidence
of medically attended RSV-associated ARI was 14-1%
(95% CI 12-3-16-0) with an incidence rate of 12-1 per
1000 infant-months (10-2-14-3; table 2). The incidence
of RSV-associated ARI overall was 26-2% (24-0-28-6)
with an incidence rate of 23-7 per 1000 infant-months
(21-0-26-7). Incidence rate of RSV-associated ARI and
medically attended RSV-associated ARI were similar for
infants younger than 6 and those aged 6 months and
older (table 3). The incidence rates for RSV-associated
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RSV incidence RSV incidence
after before time
imputation*t imputation#

Cohort size or person-

Number of
hospitalisations or
number of ARI episodes

Number of RSV-positive
(observed)

RSV-associated hospitalisation in total cohort

Incidence§ 1-8% (1-6-21) 1-6% (1:3-1-8)
Incidence rateq]
per 1000 infant-months

1.6 (1.3-1-8) 13 (1-1-1-6)
Medically attended RSV-positive ARl in active surveillance cohort
Incidence§ 141% (12:3-16:0)  13-0% (11.0-15-2)

Incidence rateq
per 1000 infant-months

121(102-143)  11-2(9:3-133)

RSV-positive ARI in active surveillance cohort

Incidence§ 26:2% (24-0-28-6)  25:1% (22:4-27-9)
Incidence rateq
per 1000 infant-months

237 (21:0-26-7) 22:3(19-7-25-2)

9154 infants

109507 infant-months

993 infants

11728 infant-months

993 infants

11728 infant-months

ARlI=acute respiratory infection. RSV=respiratory syncytial virus. *Missing RSV status imputed using multiple imputation based on site, sex, age, and meteorological season
at time of hospitalisation or ARI, and missing medical attendance imputed using site, sex, age, meteorological season at time of hospitalisation or ARl and RSV status
(observed or imputed). tOutcomes that required imputations included: 50 hospitalisations with missing RSV status, 166 ARI episodes with missing RSV status or missing
medical attendance status, and 101 ARI episodes with missing RSV status. $Assuming all missing outcomes were negative. Sincidence as proportion of infants experiencing
the event at least once during their first year of life. flincidence rate as number of events per 1000 infant-months of follow-up.

143 infants with RSV-associated
hospitalisation

145 RSV-associated
hospitalisations

341 infants hospitalised

388 hospitalisations

683 infants with ARI 129 infants with medically

attended RSV-associated ARI

131 medically attended
RSV-associated ARI

1520 ARI

683 infants with ARI 249 infants with RSV-associated

ARI

1520 ARI 262 RSV-associated ARI

Table 2: Incidence and incidence rates of RSV-associated ARI, medically attended ARI, and hospitalised ARI in the first year of life

ARI and medically attended RSV-associated ARI episodes
were highest in the Netherlands (38-9 per 1000 infant-
months [31-5-48-0] and 19-2 per 1000 infant-months
[14-2-25-9], respectively) and lowest in Finland (88 per
1000 infant-months [5-7-13-5] and 5-8 per 1000 infant-
months [3-4-9-9] respectively, Bonferroni adjusted
p<0-05; table 3).

Information on wheezing was available for
7838 children whose parents completed the 1-year
questionnaire (85-6% of the 9154 participants), which
included 7807 participants of the total cohort with
complete information on hospitalisations for ARI and
841 participants of the active surveillance cohort with
complete information on ARI episodes (figure 1).
Wheezing was reported in 87 (70-7%) of 123 infants
admitted with RSV. Wheezing was less frequent in
infants hospitalised for RSV-negative ARI only
(73 [54-5%)] of 134, p=0-008) and in infants never
admitted for an ARI (1272 [16-8%] of 7550, p<0-001,
figure 1). In the active surveillance cohort, wheezing was
reported for 56 (47-5%) of 118 infants with medically
attended RSV-associated ARI and 37 (36-3%) of
102 infants with non-medically attended RSV-associated
ARI (p=0-09). This occurrence was more frequent than
in children who had no ARI (20 [8-1%] of 246, p<0-001
and p<0-001), had medically attended RSV-negative ARI
(38 [23-5%] of 162, p<0-001 and p=0-03) or had
non-medically attended RSV-negative ARI (43 [20-2%]
of 213, p<0-001 and p=0-002). When adjusted for family
history of atopy and smoking household members at
birth, the difference in wheezing between RSV-positive
and RSV-negative or no ARI remained significant
(p=0-003 and p<0-001 for hospitalisations, p<0-001 and

www.thelancet.com/respiratory Vol 11 April 2023

p<0-001 for medically attended ARI, and p=0-002 and
p<0-001 for non-medically attended ARI).

Discussion

To our knowledge, this is the first international birth
cohort study powered to accurately estimate the health-
care burden of RSV in healthy term-born infants. Our
results showed an incidence of RSV-associated hospi-
talisation of 1-8% in the first year of life. Almost half of
all ARI hospitalisations in the first year of life were
RSV-associated. The burden of RSV-associated hospi-
talisation was highest in infants younger than 3 months
with an incidence rate of 3-3 per 1000 infant-months.
Children born in autumn had a significantly higher risk
of hospitalisation than children born in other seasons.
One quarter of infants experienced an RSV-associated
ARI, of which half were medically attended. Wheezing
during the first year of life was associated with RSV
hospitalisation, medically attended RSV-associated ARI,
and overall RSV-associated ARI.

Our findings are consistent with previous literature.
Although not a birth cohort study, a study conducted in
the USA reported an incidence of RSV-associated
hospitalisations of 1-7% in infants younger than
6 months (1-5% in our study), and 0-5% in infants
aged 6 to younger than 12 months (0-4% in our study).”
The higher admission rate in infants younger than
6 months reported by Hall and colleagues® might be
related to the 35% of higher-risk infants included. In our
study, incidence of RSV-associated hospitalisations per
country varied between 1-1% and 2-5%, which was in
line with previous findings from these countries.”""** In
other birth cohort studies, RSV-associated hospitalisation
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incidence in the first year of life varied between 0-6%
and 5%. Some studies also included high-risks infants
(appendix p 6).°>" The two largest birth cohort studies
in healthy term-born infants showed an incidence of
RSV-associated hospitalisations of 1-9% in an Indian
birth cohort of 310 infants and 1% in 298 infants of a
Dutch birth cohort.”**

Wheezing in the first year of life was associated with
RSV infection irrespective of severity. The association
between severe RSV infections and wheezing has been
described earlier.” Whether this is also associated with
development of childhood asthma remains unclear, as
well as whether RSV immunisation will prevent
wheezing during later childhood.” Intervention studies
are required to define the causal association between
RSV infection during infancy and wheezing in healthy
term-born infants.

The major strength of our study is the prospective
design with the power to accurately estimate RSV
incidence in European countries over several seasons.
We used active surveillance to capture mild RSV disease
to provide a precise estimate of total RSV incidence and
disease burden. Follow-up rates were high with collection
of swabs in 95% of reported ARI episodes and more than
85% completion of the 1-year questionnaire in the total
cohort. In addition to parental report, we screened the
study participants’ hospital charts to ensure no ARI
hospitalisation was missed. This study also has
limitations. First, in 50 of 388 ARI hospitalisations
during the RSV season, no RSV test was performed.
When using a cohort study design with RSV testing
results as primary outcome, missing test results will
systematically lead to an underestimation of true
incidence if assumed negative. To avoid this systematic
bias, primary outcomes were reported after using
multiple imputation for missing RSV test results and
medical attendance status. As the proportion of missing
information was small, using multiple imputation
resulted in a small increase in incidence compared with
estimating incidence assuming all cases with missing
RSV status were RSV-negative. Two of the five sites did
not use POCT, which could have led to underestimating
incidence in those countries; however, that effect was
probably small. Of 840 episodes tested by PCR and
POCT, five (0-6%) were detected by POCT only.
Assuming a similar rate, two additional RSV cases would
have been detected by POCT among the 415 episodes
tested by PCR only at the sites not using POCT. Second,
data on coinfection with other respiratory viruses were
scarce. Third, the participants in the study might not be
representative of the country population and not all
countries in Europe were represented. The education
level of participants, especially in the active surveillance
cohort, was high with 70% of mothers reporting
university education and is therefore not necessarily
representative of the whole population. Lower socio-
economic status and younger age of the mother have
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been reported as risk factors for RSV-associated
hospitalisation in infancy” Other risk factors like
parental smoking were less frequently reported by active
surveillance cohort participants than the rest of the study
population. This could have resulted in an under-
estimation of RSV incidence in the study population
compared with the country population and in the active
cohort compared with the entire cohort. Although
children with evidence of significant comorbidities at
birth were excluded, we cannot rule out that a minority of
participants had comorbidities diagnosed later in life.
Fourth, it is possible that we missed ARI episodes despite
weekly contacts with parents during the period of active
surveillance (October to May, or longer if RSV was still
circulating). We cannot rule out that some participants
could have stopped reporting ARI of their children,
which could result in underestimating incidence rate
and would be more pronounced in the older infants.
However, participation to the 1-year questionnaire was
89% in the active surveillance cohort, suggesting a high
retention rate. ARI episodes occurring outside of the
active surveillance period would not have been captured,
which probably contributed to the finding of 31% of
active cohort participants with no ARI in the first year of
life. However, it is unlikely that those uncaptured ARI
episodes were associated with RSV infection. Fifth, the
COVID-19 pandemic impacted RSV incidence in 2020.
The 2019-20 RSV season was virtually finished in the
participating countries when the COVID-19 pandemic
started, except for Finland, where the usual continuation
of the RSV outbreak into late spring was abruptly
terminated because of the COVID-19 pandemic.”*” The
COVID-19 pandemic might have contributed to the lower
incidence of RSV-associated hospitalisations, medically
attended ARIs, and RSV-associated ARIs in the study in
Finland. Participants born after April 1, 2020, were
excluded as RSV did not circulate during their first year
of life. Follow-up time after Nov 1, 2020, represented less
than 3% of total follow-up time of the cohort and
concerned only participants aged 6 months or older.
Sixth, health-care burden does not reflect the total burden
of RSV. Health-care burden is key information to
estimate economic and societal burden, and the
incidence of medically attended and hospitalised RSV
infections is expected to be a major part of the health-
care burden in Europe where RSV-related deaths are
rare. Overall, study limitations have possibly resulted in a
modest underestimation of actual RSV burden.

In conclusion, the health-care burden of RSV in healthy
term-born infants in Europe is considerable with an
incidence of RSV-associated hospitalisation of 1-8% in
the first year of life, which means that one in 56 healthy
term-born infants is hospitalised with RSV annually.
Because the highest burden is seen in infants in their
first months of life, maternal vaccination and passive
immunisation could have a profound impact on the RSV
burden.
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