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Abstract 48 

 49 

Background 50 

Respiratory syncytial virus (RSV) is a major cause of hospitalization in infants. The burden of 51 

RSV infection in healthy term infants has not yet been established. Accurate healthcare burden 52 

data in healthy infants are necessary to determine RSV immunization policy when RSV 53 

immunization becomes available.  54 

Methods 55 

We performed a multicenter prospective, observational birth cohort study in healthy term-born 56 

infants (≥37 weeks of gestation) in five sites located in different European countries to 57 

determine the healthcare burden of RSV. The incidence of RSV-associated hospitalizations in 58 

the first year of life was determined by parental questionnaires and hospital chart reviews. We 59 

performed active RSV surveillance in a nested cohort to determine the incidence of medically-60 

attended RSV infection.  61 

Findings 62 

In total, 9154 infants born between July 2017 and April 2020 were followed during the first 63 

year of life and 993 participated in the nested active surveillance cohort. The incidence of RSV 64 

hospitalization in the total cohort was 1·8% (95% CI 1·6-2·1). There were eight pediatric 65 

intensive care unit admissions, corresponding to 5·5% of RSV hospitalizations and 0·09% of 66 

the total cohort. Incidences of RSV infection confirmed by any diagnostic assay and medically-67 

attended RSV infection in the active surveillance cohort were 26·2% (95% CI 24·0-28·6) and 68 

14·1% (95% CI 12·3-16·0), respectively.  69 

Interpretation 70 



RSV-associated acute respiratory infection causes substantial morbidity, leading to the 71 

hospitalization of one in every 56 healthy term-born infants in high-income settings. 72 

Immunization of pregnant women or healthy term-born infants during their first winter season 73 

could have a significant impact on the healthcare burden caused by RSV infections. 74 
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  83 



Research in Context 84 

 85 

Evidence before this study 86 

We searched PubMed, using the terms “RSV” or “respiratory syncytial virus”, 87 

“hospitalizations”, and “infant” or “first year of life”, on May 31st 2022, for studies published 88 

in the last 30 years, with no language restrictions. The results included mostly retrospective 89 

analyses of RSV-coded hospitalizations from health registries or prospective studies conducted 90 

in a single country. These studies emphasized the large morbidity and mortality burden in young 91 

children associated with RSV. In a recent systematic review and meta-analysis from The 92 

Lancet, RSV was estimated to be associated with 3.6 million hospitalizations for acute lower 93 

respiratory infections and 101,400 in- or out-of-hospital deaths in children younger than 5 years 94 

annually worldwide. A gap exists in the knowledge of the RSV burden in healthy term infants, 95 

the largest population of RSV infected infants. We identified ten birth cohort studies that 96 

reported  RSV-associated hospitalization in infants with estimates varying between 0.6% to 97 

5%. These birth cohorts had relatively small sample sizes with 156 to 1,143 participants, and 98 

only two included only healthy term-born children. The reliability and the precision of these 99 

estimates can be improved by large prospective birth cohorts conducted in multiple countries. 100 

Several maternal vaccines and passive immunization against RSV are currently at advanced 101 

stage of clinical development or under review for licensure. To decide how these new 102 

prevention strategies should be included in national vaccination programs, precise estimates of 103 

the healthcare burden of RSV infections in the first months of life are required.  104 

Added value of this study 105 

The RESCEU birth cohort study is the largest multicenter prospective birth cohort that 106 

evaluated the incidence of RSV-associated hospitalizations and medically-attended acute 107 



respiratory infections. It was designed to provide a precise and recent estimate of the total RSV 108 

incidence and healthcare burden in Europe. Almost 10,000 participants were enrolled in five 109 

European countries and 97% were successfully followed during the first year of life. To 110 

estimate the incidence of medically-attended RSV infection, we actively followed a nested 111 

cohort of ~1,000 participants. The incidence of RSV-confirmed hospitalization in the first year 112 

of life was 1·8% (95% CI 1·6-2·1). About half of hospitalizations for respiratory tract infection 113 

in the first year of life were associated with RSV. The majority (57·9%) of RSV hospitalizations 114 

occurred in children <3 months of age. The incidence of medically-attended RSV infection was 115 

14·1% (95% CI 12·3-16·0).  116 

Implications of all the available evidence 117 

This study provides the precise estimates of the healthcare burden of RSV required to decide 118 

on future RSV immunization programs. The healthcare burden of RSV among healthy infants 119 

is considerable in Europe, with one in 56 healthy term-born infants hospitalized for RSV 120 

infection annually. As the incidence of severe RSV infection is highest in the first months of 121 

life, maternal vaccination as well as passive infant immunization could have a major impact on 122 

the health of healthy term infants. 123 

  124 



Introduction 125 

Respiratory syncytial virus (RSV) causes a substantial burden of disease among infants 126 

worldwide with an estimated annual mortality of 101,400 in children under the age of five 127 

years.1 Although >97% of RSV-attributable deaths occur in low-income and middle-income 128 

countries, the healthcare burden of RSV infection in high-income countries is considerable with 129 

an estimated annual hospitalization rate of 3 per 1000 children under 5 years old in the USA.2 130 

Passive immunization against RSV with palivizumab is available for high-risk groups including 131 

premature infants and children with congenital heart disease or bronchopulmonary dysplasia. 132 

Because the majority of children hospitalized with RSV have no pre-existing conditions, a high 133 

morbidity is seen in infants <6 months of age despite the availability of palivizumab.2 Various 134 

maternal vaccine and passive immunization trials which aim to protect all infants in the first 135 

months of life are currently in phase 3 or submitted for regulatory approval.3–5 Expectations are 136 

that within 1-3 years one or several of these products will be approved by regulatory authorities 137 

and governments will have to decide whether these newly available prevention strategies should 138 

be implemented into their national immunization schedule.6 Accurate information about RSV 139 

healthcare burden in healthy infants is essential for decision-makers to evaluate the health and 140 

economic benefit of these new prevention strategies. 141 

Most large studies that aimed to determine RSV-associated hospitalization rates in young 142 

children included children with comorbidities, were country-specific, and partly based on 143 

estimates instead of actual numbers.2,7,8 Birth cohort studies estimate disease incidence more 144 

accurately, but previous prospective birth cohorts in healthy infants were relatively small (158-145 

1143 participants) and done in one center and/or country, limiting generalizability.9–18 To our 146 

knowledge, the largest prospective birth cohort determining RSV burden was a South-African 147 

single center study that reported 54 RSV hospitalizations among 1143 children (17% with 148 

comorbidity) in the first 2 years of life.13 To prepare for the introduction of RSV immunization, 149 



the RESCEU (Respiratory Syncytial virus Consortium in Europe, https://resc-eu.org/) 150 

international consortium was funded by the European Union Commission to obtain accurate 151 

data on the incidence and long-term consequences of RSV infection in healthy term infants. 152 

The primary objective of this study was to determine the incidence of medically-attended and 153 

hospitalized RSV-associated respiratory infections in healthy term infants in Europe. 154 

Secondary objectives included to estimate the incidence of symptomatic RSV infections, the 155 

incidence of all-cause respiratory infections and the proportion of respiratory infections 156 

attributable to RSV. 157 

Methods 158 

Study design 159 

The study design and protocol have been described previously (ClinicalTrials.gov, Identifier: 160 

NCT03627572).19 In short, healthy term-born infants were enrolled at birth between July 2017 161 

and July 2020 in in five sites each located in a different European country representing Western, 162 

Northern, and Southern Europe (Spain, Finland, England, Scotland, and the Netherlands). 163 

Children born at ≥37 weeks of gestation with no evidence of significant cardiovascular, 164 

respiratory, renal, gastrointestinal, hematological, neurological, endocrine, immunological, 165 

musculoskeletal, oncological, or congenital disorders were considered healthy term-born.18 All 166 

participating children were followed-up for at least one year. Children diagnosed with 167 

comorbidities later were not systematically excluded. We used parental questionnaires to screen 168 

for hospitalization for acute respiratory infection (ARI) during the first year of life at the age of 169 

one year. Hospital records, including RSV testing results, were retrospectively assessed in case 170 

of hospitalization for ARI. All participating hospitals tested for RSV during the RSV season as 171 

part of standard care and were situated in a distinct geographic area to ensure that children were 172 

preferentially referred to that hospital if inpatient care was needed. For infants whose parents 173 



did not complete the 1-year questionnaire, hospital records were screened for ARI 174 

hospitalizations within the first year of life in participating hospitals. 175 

At enrollment at all five sites, participants to the birth cohort were also invited to participate in 176 

a nested cohort (referred to as active surveillance cohort). Participants to the birth cohort and 177 

the active surveillance cohort were recruited on voluntary basis and therefore were a 178 

convenience sample of term-born children living in the catchment area of the sites. To obtain a 179 

cohort with evenly distributed months and years of birth over the recruitment period, sites were 180 

instructed to recruit 15-20 participants per week including 2 participants in the active 181 

surveillance cohort. Enrollment in the active surveillance cohort continued until the planned 182 

sample size was reached in each site (200 per site). Infants were actively followed until their 183 

first birthday during the RSV seasons of 2017-18, 2018-19 and 2019-20. Between 1 October 184 

and 1 May (or longer if RSV was still circulating), parents were contacted weekly to report ARI 185 

symptoms of their child. In case of an ARI, a study visit was planned within 72 hours of 186 

notification to obtain a nasal swab for RSV testing. Parents completed a diary with respiratory 187 

symptoms and health care usage for 14 days after onset.18 Written or electronic informed 188 

consent was obtained from the parents of all study participants.  189 

RSV detection in active surveillance cohort 190 

At all sites, a nasal sample was collected during each ARI episode by using microtipped flocked 191 

swabs (FLOQSwab™, Copan diagnostics), and directly stored in viral transport medium 192 

(MicroTest™ M4RT® (Remel, 3 ml)). All samples were stored at -80 Celsius degrees. After 193 

the end of the study all samples were tested with in-house RSV quantitative Reverse 194 

Transcription Polymerase Chain Reaction (RT-qPCR, suppl methods).20,21  In addition, a point 195 

of care test (POCT, Alere™ i RSV assay (Alere Inc., Waltham, MA, USA) was performed at 196 

the time of sample collection at the 3 sites in Spain, England and the Netherlands. If the infant 197 

had an RSV positive ARI episode, POCT was not performed during further ARI’s. An RSV 198 



positive ARI episode was defined as a positive test result from either in-house RT-qPCR or 199 

POCT or both. 200 

 201 

Outcome definitions 202 

An ARI episode was defined as the onset or worsening of any of the following symptoms for 203 

at least one day; runny or blocked nose, coughing, wheezing or dyspnea.19 Episodes were 204 

associated with RSV if a POCT or in-house PCR test was positive for RSV. Samples taken 205 

more than 10 days after onset were excluded from analysis. Medically attended (MA)-ARI were 206 

defined as ARI episodes with at least one visit to a healthcare provider (outpatient clinics, 207 

emergency department visits, general practitioner visits) or hospitalization. RSV-associated 208 

hospitalizations, RSV-ARI and RSV-MA-ARI were reported as incidence (i.e. the proportion 209 

infants experiencing the event at least once during their first year of life) and as incidence rate 210 

per 1000 infant-months (number of events per 1000 infant-months of follow-up). The use of 211 

incidence rates in addition to incidence was pre-defined in the statistical analysis plan to 212 

account for possible variation in follow-up time due to early drop-outs of participants and for 213 

participants experiencing outcomes more than once (Suppl B). Wheezing during the first year 214 

of life was defined as at least one wheezing episode reported by parents in the 1-year 215 

questionnaire. 216 

 217 

Statistical analysis 218 

Statistical analyses were performed according to the predefined statistical analysis plan (suppl. 219 

B). For sample size calculation of the total cohort, a yearly incidence of hospitalizations of 220 

0·7% was assumed based on previous literature.2,22 A sample size of 8700 would produce a 221 

two-sided 95% Clopper-Pearson confidence interval with a half-width of 0·2% for this 222 



incidence. If accounting for 10% loss to follow-up 10,000 infants were to be included.19 223 

Similarly, a sample size of 1,000 infants was estimated for the active surveillance cohort, which 224 

would produce a two-sided 95% Clopper-Pearson confidence interval with a half-width of 2%, 225 

for an assumed incidence of MA-ARI of 10%.2,9,22 Baseline characteristics and clinical 226 

parameters were summarized by frequency and percentage for categorical variables and mean 227 

(+/-SD) and/or median (interquartile range) for continuous variables. Baseline characteristics 228 

were compared between groups using chi-square tests for categorical variables, Student’s t-229 

tests for normally distributed continuous variables and Mann-Whitney U tests for not normally 230 

distributed continuous variables. RSV status was assumed negative when hospitalization 231 

occurred outside of the RSV season. RSV status of hospitalizations during the RSV season and 232 

ARI in the active surveillance cohort with invalid or missing RSV test results were imputed 233 

using multiple imputation based on site, gender, age and meteorological season at time of 234 

hospitalization or ARI. Any missing observations for medical attendance of ARIs was 235 

subsequently imputed using the same set of predictors to which RSV status was added. 236 

Imputation yielded ten complete datasets for each of the two cohorts. After imputation, pooled 237 

95% Wilson-score confidence intervals were calculated for the proportion of infants with at 238 

least one RSV hospitalization or ARI in the first year. Incidence rates were calculated together 239 

with 95% confidence intervals based on a Poisson distribution and compared between 240 

subgroups of infants using Poisson generalized linear models. Statistical analyses were 241 

performed using SPSS version 26 and R statistical software version 3.5.1. 242 

 243 

Ethical approval 244 

The study was approved by the Institutional Review Board (IRB) of the University Medical 245 

Center Utrecht (Ref 17/069), NHS National Research Ethics Service Oxfordshire Committee 246 

A (Ref 17/SC/0335) and South East Scotland Research Ethics Committee (Ref 17/SS/0086), 247 



the Ethics Committee of the Hospital District of Southwest Finland (Ref 17201), and Hospital 248 

Clínico Universitario de Santiago de Compostela (Ref 2017/175). 249 

This study followed the Strengthening the Reporting of Observational Studies in Epidemiology 250 

(STROBE) reporting guideline for cohort studies (Suppl. B). 251 

Role of the funding source 252 

The funder of the study had no role in study design, data collection, data analysis, data 253 

interpretation, writing of the report or the decision to submit for publication. 254 

 255 

Results 256 

Study population 257 

Between July 2017 and July 2020, 9466 healthy term infants were recruited at birth, of whom 258 

9154 (96·7%) were included in the primary analysis (Figure 1). Due to the COVID-19 259 

pandemic, 223 infants born after 1 April 2020 were excluded as RSV was not circulating during 260 

their first year of life. Between September 2017 and November 2019, 1041 infants were 261 

enrolled in the active surveillance cohort and 993 (95·4%) who participated for at least four 262 

weeks were included in the analysis (Figure 1). Five deaths occurred among study participants, 263 

none were related to RSV. There was substantial and expected variation in baseline 264 

characteristics between countries (Table 1). Non-exhaustively, the most common ethnic origin 265 

was according to country geographic location, smokers in the family were more common in 266 

Spain and maternal vaccination was almost never reported in the Netherlands where it was not 267 

recommended at the time. Compared to the rest of the cohort, participants of the active 268 

surveillance cohort more frequently reported maternal vaccination against influenza or 269 

pertussis, multiple births, a family history of atopy and parental university level of education, 270 



whereas parental smoking and parental origin from Northwest Europe were reported less 271 

frequently. They also had fewer siblings and were born later in the year than other participants.  272 

RSV-associated hospitalization 273 

We observed 388 ARI hospitalizations (Figure 1 and 2, Table S1). Of these, 145 (37·4%) were 274 

positive for RSV, 193 (49·7%) were negative or occurred outside the RSV season and 50 275 

(12·9%) occurred during the RSV season but were not tested for RSV (and status was imputed). 276 

Among the RSV-associated hospitalizations, RSV was detected during admission by hospital 277 

laboratory PCR tests in 71/145 (49·0%) and by POCT in 67/145 (46·2%). The test used was 278 

not documented for seven RSV-associated hospitalizations. Overall, 143 (1·6%) children were 279 

hospitalized with confirmed RSV, including two who were admitted twice with RSV. After 280 

imputing missing RSV test results, the incidence of RSV-associated hospitalization was 1·8% 281 

(95% CI 1·6-2·1), corresponding to an RSV hospitalization incidence rate (IR) of 1·6 /1000 282 

infant-months (95% CI 1·3-1·8, Table 2). RSV hospitalization incidence in countries varied 283 

between 1·1% (95% CI 0·7-1·5) in Finland and 2·5% (95% CI 1·8-3·4) in Spain (Table 3). 284 

RSV hospitalization IR was higher in children born in autumn (2·6/1000 infant-months, 95% 285 

CI 2·0-3·3)) than in children born in winter (1·1/1000 infant-months, 95% CI 0·8-1·6, 286 

Bonferroni adjusted p=0·002) and spring (0·8/1000 infant-months, 95% CI 0·5-1·3, Bonferroni 287 

adjusted p=0·001, Table 3, Figure S1). RSV hospitalization IR was highest in 2017-2018 288 

(2·7/1000 infant-months, 95% CI 1·9-4·0) when the proportion of participating children <6 289 

months of age was high, and lowest in 2019-2020 (1·5/1000 infant-months, 95% CI 1·1-1·8, 290 

Table 3).  291 

Out of 145 RSV hospitalizations, 84 (57·9%) were in children <3 months of age (Table S2, 292 

Figure S1). In that age group, incidence of RSV hospitalization peaked at 1-<2 month of age 293 

(Figure S1). Median duration of hospitalization was 3 days (range 1-19 days). Hospitalizations 294 

lasted longer in Spain (median 6 days) than in the Netherlands (median 3 days, p<0·003), 295 



Finland, England, and Scotland (median 2 days, p<0·001). Duration of hospitalization and other 296 

measures of severity were not found to be associated with the incidence rate of RSV 297 

hospitalization. Length of hospitalization was longer in infants <3 months when compared to 298 

infants aged 6-<12 months (p=0.004) but not when compared to infants aged 3-<6 months 299 

(p=0.27). Eight RSV hospitalizations (5·5%) were admitted to the pediatric intensive care unit 300 

(PICU) (0·09% of total cohort, and three (2%) required mechanical ventilation (0·03% of total 301 

cohort). Six out of eight infants admitted to ICU were aged <3 months (median age 1 month). 302 

Any respiratory support was more frequently used in RSV-positive than RSV-negative 303 

hospitalizations (53·1%, 77/145 versus 23·3%, 45/193, p<0·001). Coinfections with other 304 

respiratory viruses were tested as part of routine care in 85 (58·6%) and found in 34 (23·4%) 305 

of RSV hospitalizations. Rhinovirus was most frequently co-detected. In RSV-negative 306 

hospitalizations, rhinovirus, influenza and parainfluenza were the 3 most prevalent viruses 307 

(Table S2). 308 

Outpatients 309 

We registered 1520 ARI episodes in 993 infants in the active surveillance cohort (Figure 1 and 310 

2). A nasal swab was collected during 1442 episodes (95%). Missed episodes was the main 311 

reason for not collecting a swab. Twenty-three samples collected >10 days after start of 312 

symptoms were excluded. Most samples (88%) were collected within 7 days after the start of 313 

symptoms. In total, 262/1419 episodes (18·5%) were positive for RSV in 249 infants (Figure 314 

1). Among the 840 episodes tested by PCR and POCT, RSV was detected only by POCT in 315 

five (0.6%). 316 

RSV-A was detected in 142 (54·2%) of RSV-ARI and RSV-B in 111 (42·4%). One sample was 317 

positive for both RSV-A and RSV-B. RSV subtype was unknown for 10 ARI episodes: five 318 

were only tested by POCT, four were only tested in hospital as part of routine care and for one 319 

RSV subtype could not be determined. Information about medical attendance was available for 320 



1432 episodes (94·2%). For 1353 ARI episodes (89·0%) both RSV and medical attendance 321 

status were available. Medical attendance was reported in 131/251 (52·2%) RSV-positive ARI, 322 

which was more frequent than in RSV-negative ARI (298/1102, 27·0%, p<0·001). 323 

After imputing missing RSV test results, the incidence of RSV-MA-ARI was 14·1% (95% CI 324 

12·3-16·0) with an IR of 12·1/1000 infant-months (95% CI 10·2-14·3, Table 2). The incidence 325 

of RSV-ARI overall was 26·2% (95% CI  24·0-28·6) with an IR of 23·7/1000 infant-months 326 

(95% CI 21·0-26·7). IR of RSV-ARI and RSV-MA-ARI were similar for infants <6 and ≥6 327 

months of age (Table 3). The IRs for RSV-ARI and RSV-MA-ARI episodes were highest in 328 

the Netherlands (38·9/1000 infant-months (95% CI 31·5-48·0) and 19·2/1000 infant-months 329 

(95% CI 14·2-25·9), respectively) and lowest in Finland (8·8/1000 infant-months, 95% CI 5·7-330 

13·5 and 5·8/1000 infant-months, 95% CI 3·4-9·9 respectively, Bonferroni adjusted p<0·05, 331 

Table 3).  332 

Wheezing in first year of life 333 

Information on wheezing in the first year of life was available for 7838 children (85·6% of 334 

participants) whose parents completed the 1-year questionnaire (Figure 1). Wheezing was 335 

reported in 87/123 (70·7%) infants admitted with RSV. Wheezing was less frequent in infants 336 

hospitalized for RSV-negative ARI only (73/134 (54·5%), p=0·008) and in infants never 337 

admitted for an ARI (1272/7550 (16·8%), p<0·001, Figure 1). In the active surveillance cohort, 338 

wheezing was reported for 56/118 (47·5%) infants with RSV-MA-ARI and 37/102 (36·3%) 339 

infants with non-MA RSV-ARI (p=0·09). This was more frequent than in children who had no 340 

ARI (8·1%, 20/246, p<0·001 and p<0·001), had MA RSV-negative ARI (23·5%, 38/162, 341 

p<0·001 and p=0·03) or had non-MA RSV-negative ARI (20·2%, 43/213, p<0·001 and 342 

p=0·002). When adjusted for family history of atopy and smoking household members at birth 343 

the difference in wheezing between RSV-positive and RSV-negative or no ARI remained 344 



significant (p=0.003 and p<0.001 for hospitalizations, p<0.001 and p<0.001 for MA-ARI, and 345 

p=0.002 p<0.001 for non-MA-ARI¬). 346 

Discussion 347 

This is the first international birth cohort study powered to accurately estimate the healthcare 348 

burden of RSV in healthy term-born infants. Our results showed an incidence of RSV-349 

associated hospitalization of 1·8% in the first year of life. Almost half of all ARI 350 

hospitalizations in the first year of life were RSV-associated. The burden of RSV-associated 351 

hospitalization was highest in infants <3 months of age with an incidence rate of 3·3/1000 352 

infant-months. Children born in autumn had a significantly higher risk of hospitalization than 353 

children born in other seasons. One quarter of infants experienced an RSV-ARI, of which half 354 

were medically-attended. Wheezing during the first year of life was associated with RSV 355 

hospitalization, MA-RSV-ARI, and overall RSV-ARI. 356 

Our findings are consistent with previous literature. Although not a birth cohort study, a study 357 

conducted in the United States reported an incidence of RSV hospitalizations of 1·7% in infants 358 

<6 months (1·5% in our study), and 0·5% in infants 6-<12 months of age (0·4% in our study).2 359 

The higher admission rate in infants <6 months reported by Hall et al. might be related to the 360 

35% of higher-risk infants included. In our study, incidence of RSV hospitalization per country 361 

varied between 1·1 and 2·5%, which was in line with previous findings from these 362 

countries.9,11,18,22 In other birth cohort studies, RSV hospitalization incidence in the first year of 363 

life varied between 0·6% and 5%. Some studies also included high-risks infants (Table S3).10,12–364 

17 The two largest birth cohort studies in healthy term-born infants showed an incidence of RSV 365 

hospitalization of 1·9% in an Indian birth cohort of 310 infants and 1% in 298 infants of a Dutch 366 

birth cohort.9,14 Wheezing in the first year of life was associated with RSV infection irrespective 367 

of severity. The association between severe RSV infections and wheezing has been described 368 

earlier.23 Whether this is also associated with development of childhood asthma remains 369 



unclear, as well as whether RSV immunization will prevent wheezing during later childhood.24 370 

Intervention studies are required to define the causal relationship between RSV infection during 371 

infancy and wheezing in healthy term-born infants. 372 

The major strength of our study is the prospective design with the power to accurately estimate 373 

RSV incidence in European countries over several seasons. We used active surveillance to 374 

capture mild RSV disease to provide a precise estimate of total RSV incidence and disease 375 

burden. Follow-up rates were high with collection of swabs in 95% of reported ARI episodes 376 

and >85% completion of the 1-year questionnaire in the total cohort. In addition to parental 377 

report, we screened the study participants’ hospital charts to ensure no ARI hospitalization was 378 

missed. This study also has limitations. First, in 50/388 ARI hospitalizations during the RSV 379 

season no RSV test was performed. When using a cohort study design with RSV testing results 380 

as primary outcome, missing test results will systematically lead to an underestimation of true 381 

incidence if assumed negative. To avoid this systematic bias, primary outcomes were reported 382 

after using multiple imputation for missing RSV test results and medical attendance status. As 383 

the proportion of missing information was small, using multiple imputation resulted in a small 384 

increase in incidence compared to estimating incidence assuming all cases with missing RSV 385 

status were RSV-negative. Two of the five sites did not use POCT which could have led to 386 

underestimating incidence in those countries, however that impact was probably small. Among 387 

the 840 episodes tested by PCR and POCT, five (0.6%) were detected by POCT only. Assuming 388 

a similar rate, two additional RSV cases would have been detected by POCT among the 415 389 

episodes tested by PCR only at the sites not using POCT. Second, data on co-infection with 390 

other respiratory viruses were limited. Third, the participants in the study may not be 391 

representative of the country population and not all countries in Europe were represented. The 392 

education level of participants, especially in the active surveillance cohort, was high with 70% 393 

of mothers reporting university education and is therefore not necessarily representative of the 394 



whole population. Lower socio-economic status and younger age of the mother have been 395 

reported as risk factors for RSV associated hospitalization in infancy.25 Other risk factors like 396 

parental smoking were less frequently reported by active surveillance cohort participants than 397 

the rest of the study population. This could have resulted in an underestimation of RSV 398 

incidence in the study population compared to the country population and in the active cohort 399 

compared to the entire cohort. Although children with evidence of significant comorbidities at 400 

birth were excluded, we cannot rule out that a minority of participants had comorbidities 401 

diagnosed later in life. Fourth, it is possible that we missed ARI episodes despite weekly 402 

contacts with parents during the period of active surveillance (October to May, or longer if RSV 403 

was still circulating). We cannot rule out that some participants may have stopped reporting 404 

ARI of their children, which could result in underestimating incidence rate and would be more 405 

pronounced in the older infants. However, participation to the first year questionnaire was 89% 406 

in the active surveillance cohort, suggesting a high retention rate. ARI episodes occurring 407 

outside of the active surveillance period would not have been captured, which likely contributed 408 

to the 31% of active cohort participants with no ARI in the first year of life. However, it is 409 

unlikely that those uncaptured ARI episodes were associated with RSV infection. Fifth, the 410 

COVID-19 pandemic impacted RSV incidence in 2020. The 2019-2020 RSV season was 411 

virtually finished in the participating countries when the COVID-19 pandemic started, except 412 

for Finland, where the usual continuation of the RSV outbreak into late spring was abruptly 413 

terminated due to COVID-19 pandemic.26,27 The COVID-19 pandemic may have contributed 414 

to the lower incidence of RSV-associated hospitalization, MA-ARI and ARI in the study in 415 

Finland. Participants born after April 1 2020 were excluded as RSV did not circulate during 416 

their first year of life. Follow-up time after November 1 2020 represented less than 3% of total 417 

the follow-up time of the cohort and concerned only participants ≥6 months of age. Sixth, 418 

healthcare burden does not reflect the total burden of RSV. Healthcare burden is key 419 



information to estimate economic and societal burden, and the incidence of medically-attended 420 

and hospitalized RSV infections is expected to be a major part of the healthcare burden in 421 

Europe where RSV-related deaths are rare. Overall, study limitations have possibly resulted in 422 

a modest underestimation of actual RSV burden. 423 

Conclusions 424 

The healthcare burden of RSV in healthy term-born infants in Europe is considerable with an 425 

incidence of RSV-associated hospitalization of 1·8% in the first year of life, which means that 426 

one in 56 healthy term-born infants is hospitalized with RSV annually. Because the highest 427 

burden is seen in infants in their first months of life, maternal vaccination and passive 428 

immunization could have a profound impact on the RSV burden. 429 
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Table 1. Baseline characteristics of participants by recruitment sites based on participants with available information. 

 

 
Total Cohort Active surveillance cohort  

Site# SCO ENG ESP FIN NLD All SCO ENG ESP FIN NLD All 

Total number of participants n=2130 n=1979 n=1080 n=2093 n=1879 n=9154 n=203 n=198 n=205 n=200 n=187 n=993 

Follow-up time (infant-months) 25,498 23,458 12,949 25,119 22,484 109,507 2,408 2,288 2,404 2,384 2,245 11,728 

Pregnancy             

Vaccination (n (%))* 85% 91% 61% 45% 34% 64% 93% 93% 59% 65% 31% 69% 

Influenza 68% 73% 28% 45% 1% 46% 76% 72% 19% 65% 3% 47% 

Pertussis 82% 86% 58% 0% 34% 51% 89% 91% 57% 1% 30% 54% 

Smoking during pregnancy (n (%)) 7% 5% 10% 5% 4% 6% 4% 5% 9% 7% 2% 5% 

Birth             

Month of birth (n (%))*             

Oct - Dec 24% 22% 26% 21% 28% 24% 15% 13% 34% 19% 33% 23% 

Jan - Mar 31% 29% 24% 15% 33% 26% 16% 14% 16% 29% 34% 22% 

Apr - Jun 22% 28% 15% 29% 16% 23% 34% 30% 14% 34% 16% 26% 

Jul - Sept 23% 22% 36% 34% 23% 27% 35% 42% 36% 18% 18% 30% 

Male sex (n (%)) 52% 53% 51% 52% 50% 52% 52% 55% 52% 53% 45% 52% 

Multiple birth (n (%))* 2% 3% 3% 1% 1% 2% 9% 3% 3% 1% 3% 4% 

Cesarean delivery (n (%))* 44% 38% 22% 14% 22% 29% 41% 38% 32% 14% 24% 30% 

Birth weight <2500g (n (%)) 2% 3% 3% 1% 1% 2% 2% 3% 4% 2% 2% 3% 

Antibiotics <72h post-partum 0% 7% 1% 5% 2% 3% 0% 7% 0% 4% 1% 2% 

Intention to breastfeed (n (%))* 79% 84% 68% 97% 73% 83% 90% 92% 71% 98% 82% 97% 

Family              

Any siblings (n (%)) 43% 50% 52% 53% 48% 49% 51% 45% 48% 48% 63% 51% 

Number of siblings (Median (IQR))* 1 (1-2) 1 (1-2) 1 (1-1) 1 (1-2) 1 (1-2) 1 (1-2) 1 (1-1) 1 (1-1) 1 (1-1) 1 (1-1) 1 (1-2) 1 (1-1) 

Sibling(s) in daycare or primary school 38% 42% 45% 41% 45% 41% 45% 35% 42% 35% 57% 43% 

Smokers in the family* 15% 14% 28% 13% 16% 16% 7% 10% 28% 12% 11% 14% 

Mother 4% 2% 6% 2% 3% 3% 2% 1% 4% 2% 1% 2% 

Father 12% 11% 24% 11% 14% 14% 6% 8% 25% 11% 10% 12% 



 

Other family member 1% 2% 3% 0% 1% 1% 0% 2% 3% 0% 1% 1% 

Smoking in the house 1% 1% 4% 0% 0% 1% 0% 2% 3% 0% 1% 1% 

Family history of atopy* 74% 72% 56% 63% 71% 68% 80% 76% 60% 67% 76% 72% 

Sibling(s) uses or used respiratory 

medicine 

8% 11% 11% 8% 11% 9% 5% 8% 8% 5% 15% 8% 

Ethnic origin of the mother*             

Northwest Europe 77% 75% 3% 97% 78% 73% 72% 72% 4% 98% 88% 66% 

Southern Europe 4% 2% 90% 0% 2% 12% 5% 3% 87% 0% 2% 20% 

Other 19% 23% 10% 3% 24% 16% 23% 25% 8% 3% 11% 14% 

Ethnic origin of the father*             

Northwest Europe 78% 76% 3% 95% 77% 73% 76% 79% 4% 97% 89% 68% 

Southern Europe 4% 3% 90% 1% 1% 12% 3% 2% 88% 0% 1% 29% 

Other 18% 23% 9% 5% 24% 16% 20% 20% 7% 4% 11% 12% 

Highest level of education of the mother*             

Secondary / vocational school 37% 38% 51% 35% 32% 37% 18% 20% 50% 31% 25% 29% 

University of (applied) sciences 63% 62% 45% 63% 67% 61% 82% 80% 46% 67% 75% 70% 

Highest level of education of the father*             

Secondary / vocational school 48% 48% 66% 48% 40% 48% 29% 34% 68% 46% 37% 43% 

University of (applied) sciences 52% 52% 24% 48% 58% 49% 71% 65% 27% 51% 63% 55% 

Employment of the mother before birth             

Full-time 65% 64% 59% 69% 42% 60% 69% 72% 53% 69% 45% 62% 

Part-time 24% 26% 16% 13% 49% 26% 25% 24% 19% 15% 50% 26% 

Employment of the father before birth             

Full-time 91% 94% 91% 88% 83% 89% 95% 94% 91% 83% 81% 89% 

Part-time 4% 2% 4% 4% 13% 5% 1% 4% 3% 4% 17% 6% 

 

* P<0·05 total active surveillance versus total passive (without active) cohort  

# sites abbreviations correspond to abbreviations of country names: SCO for Scotland, ENG for England, ESP for Spain, FIN for Finland and NLD for the Netherlands. 

 



 

Table 2: Incidence and incidence rates of RSV-associated ARI, MA-ARI and hospitalized ARI in the first year of life 

 

      

RSV incidence 

after imputation$ 

RSV incidence 

before imputation$$ 

Cohort size / 

person-time 

Number of 

hospitalizations/ 

ARI episodes 

Number of RSV-

positive (observed) 

Number of 

missings# 

(required 

imputation) 

RSV-associated hospitalization in total cohort 

Incidence* 1·8% (1·6-2·1) 1·6% (1·3-1·8)  9,154 infants 
341 infants 

hospitalized  

143 infants with RSV-

associated 

hospitalization 
50/388 

hospitalizations 

(12.9%) 
Incidence rate** 

per 1,000 infant-

months 

1·6 (1·3-1·8)   

 

1·3 (1·1-1·6)   

 

109,507  

infants-months 

 

388 hospitalizations  

145 RSV-associated 

hospitalizations 

MA RSV-positive ARI in active surveillance cohort 

Incidence* 14·1% (12·3-16·0) 13·0% (11·0-15·2) 993 infants 

 

683 infants with ARI  

 

129 infants with RSV-

associated MA-ARI  
166/1520 ARI 

(10.9%) Incidence rate** 

per 1,000 infant-

months 

12·1 (10·2-14·3)  11·2 (9·3- 13·3)  
11,728  

infant-months 
1520 ARI  

131 RSV associated 

MA-ARI  

RSV-positive ARI in active surveillance cohort 

Incidence* 26·2% (24·0-28·6) 25·1% (22·4-27·9) 993 infants 683 infants with ARI 
249 infants with RSV-

associated ARI 
101/1520 ARI 

(6.7%) 
Incidence rate** 

per 1,000 infant-

months 

23·7 (21·0-26·7)  22·3 (19·7-25·2)  
11,728  

infant-months 
1520 ARI  

262 RSV-associated 

ARI  

* Incidence as proportion infants experiencing the event at least once during their first year of life. ** Incidence rate as number of events per 1000 infant-months of follow-up.  

$ Missing RSV status imputed using multiple imputation based on site, gender, age and meteorological season at time of hospitalization or ARI and missing medical attendance imputed 

using site, gender, age, meteorological season at time of hospitalization or ARI and RSV status (observed or imputed) $$ assuming all missing outcomes were negative.  

# Outcomes that required imputations included: 50 hospitalizations with missing RSV status, 166 ARI episodes with missing RSV status and/or missing MA status, 101 ARI episodes with 

missing RSV status.  



 

Table 3. Incidence and incidence rates after imputation for missing RSV test results and missing medical attendance status of RSV-associated hospitalized ARI, MA-ARI and ARI by age 

group, according to season, recruitment site, cohort, and season of birth. 

 

 RSV-associated hospitalized ARI RSV-associated MA-ARI RSV-associated ARI 

 < 3 months 3-<6 months 6-<12 months <12 months < 3 months 3-<6 months 6-<12 months <12 months < 3 months 3-<6 months 6-<12 months <12 months 

RSV incidence 

proportion ( % 

(95%CI)) 

            

Overall 0·97 (0·82-

1·16) 

0·49 (0·38-

0·63) 

0·39 (0·29-

0·52) 

1·80 (1·58-

2·05) 

3·39 (2·56-

4·49) 

4·55 (3·55-

5·80) 

6·32 (5·13-

7·77) 

14·07 (12·31-

16·03) 

5·05 (4·01-

6·33) 

9·29 (7·84-

10·97) 

12·61 (10·93-

14·51) 

26·22 (23·95-

28·63) 

Site             

Scotland  1·15 (0·83-

1·6) 

0·47 (0·28-

0·79) 

0·73 (0·48-

1·1) 

2·31 (1·83-

2·92) 

1·48 (0·59-

3·64) 

5·72 (3·55-

9·11) 

6·75 (4·30-

10·45) 

13·74 (10·17-

18·31) 

3·5 (1·91-

6·33) 

12·69 (9·17-

17·3) 

13·6 (9·88-

18·43) 

29·21 (24·05-

34·97) 

England# 1·03 (0·71-

1·51) 

0·71 (0·44-

1·14) 

0·43 (0·23-

0·81) 

1·97 (1·50-

2·57) 

2·58 (1·26-

5·20) 

5·05 (2·97-

8·46) 

3·03 (1·48-

6·09) 

10·4 (7·18-

14·84) 

3·99 (2·21-

7·11) 

9·95 (6·89-

14·15) 

7·61 (4·93-

11·55) 

20·51 (15·96-

25·94) 

Spain 1·2 (0·77-

1·88) 

1·00 (0·6-

1·65) 

0·28 (0·11-

0·69) 

2·48 (1·81-

3·4) 

6·00 (3·77-

9·43) 

6·65 (4·27-

10·21) 

5·35 (3·22-

8·76) 

17·71 (13·65-

22·65) 

7·71 (5·10-

11·49) 

11·15 (7·98-

15·37) 

11·8 (8·50-

16·16) 

29·56 (24·49-

35·19) 

Finland 0·62 (0·4-

0·97) 

0·24 (0·12-

0·49) 

0·19 (0·08-

0·44) 

1·05 (0·74-

1·49) 

1·00 (0·33-

2·98) 

1·01 (0·33-

2·99) 

4·95 (2·95-

8·19) 

6·9 (4·48-

10·49) 

1·00 (0·33-

2·98) 

2·51 (1·23-

5·07) 

7·07 (4·62-

10·68) 

10·50 (7·45-

14·61) 

Netherlands 0·97 (0·65-

1·43) 

0·26 (0·12-

0·57) 

0·25 (0·11-

0·56) 

1·47 (1·07-

2·03) 

6·04 (3·73-

9·63) 

4·28 (2·43-

7·43) 

11·66 (8·32-

16·10) 

21·98 (17·38-

27·39) 

9·25 (6·30-

13·38) 

10·16 (7·08-

14·38) 

23·32 (18·6-

28·81) 

42·19 (36·35-

48·26) 

RSV incidence 

rate (/1000 

months (95%CI)) 

            



 

Overall 3·26 (2·63-

4·04) 

1·67 (1·23-

2·27) 

0·65 (0·45-

0·92) 

1·56 (1·33-

1·82) 

11·69 (8·34-

16·38) 

15·21 (11·28-

20·52) 

10·77 (8·36-

13·88) 

12·11 (10·24-

14·34) 

17·55 (13·34-

23·1) 

31·69 (25·76-

38·98) 

22·81 (19·16-

27·17) 

23·7 (21·02-

26·73) 

Site             

Scotland 3·88 (2·60-

5·8) 

1·55 (0·82-

2·92) 

1·21 (0·73-

2·00) 

1·96 (1·48-

2·61) 

4·95 (1·6-

15·35) 

19·1 (10·63-

34·32) 

11·47 (6·62-

19·87) 

11·75 (8·06-

17·12) 

11·70 (5·58-

24·56) 

44·82 (30·18-

66·56) 

24·77 (16·78-

36·56) 

26·52 (20·54-

34·25) 

England 3·46 (2·20-

5·45) 

2·56 (1·47-

4·47) 

0·72 (0·34-

1·51) 

1·87 (1·38-

2·55) 

8·61 (3·58-

20·71) 

17·00 (8·89-

32·54) 

5·04 (2·09-

12·1) 

8·98 (5·69-

14·18) 

13·31 (6·44-

27·51) 

34·07 (21·68-

53·55) 

12·99 (7·63-

22·1) 

18·39 (13·4-

25·23) 

Spain 4·01 (2·33-

6·9) 

3·34 (1·81-

6·14) 

0·46 (0·15-

1·44) 

2·07 (1·41-

3·03) 

20·11 (11·37-

35·55) 

22·22 (12·92-

38·24) 

8·93 (4·8-

16·61) 

15·09 (10·82-

21·06) 

27·46 (16·81-

44·88) 

37·28 (24·56-

56·59) 

20·58 (13·77-

30·75) 

26·49 (20·63-

34·03) 

Finland 2·07 (1·20-

3·56) 

0·80 (0·33-

1·92) 

0·31 (0·1-0·9) 0·87 (0·57-

1·33) 

3·34 (0·84-

13·35) 

3·35 (0·84-

13·41) 

8·24 (4·37-

15·52) 

5·79 (3·4-

9·85) 

3·34 (0·84-

13·35) 

8·38 (3·49-

20·14) 

11·78 (6·98-

19·89) 

8·81 (5·74-

13·51) 

Netherlands 3·23 (2·02-

5·18) 

0·86 (0·33-

2·27) 

0·40 (0·14-

1·15) 

1·23 (0·83-

1·81) 

21·93 (12·46-

38·57) 

14·27 (7·14-

28·54) 

20·28 (13·43-

30·64) 

19·2 (14·21-

25·93) 

32·63 (20·57-

51·77) 

33·9 (21·62-

53·15) 

44·48 (33·62-

58·85) 

38·89 (31·49-

48·02) 

Season             

2017-2018 3·9 (2·51-

6·08) 

2·49 (1·21-

5·09) 

0*** 2·71 (1·85-

3·98) 

15·01 (7·81-

28·86) 

11·98 (4·49-

31·94) 

0***  12·05 (7·00-

20·75) 

20·75 (11·75-

36·67) 

18·08 (8·03-

40·72) 

0*** 17·15 (10·79-

27·26) 

2018-2019 3·17 (2·30-

4·38) 

1·41 (0·83-

2·41) 

0·90 (0·50-

1·62) 

1·76 (1·38-

2·25) 

8·36 (4·75-

14·71) 

9·79 (5·50-

17·46) 

10·37 (6·64-

16·19) 

9·60 (7·12-

12·95) 

12·10 (7·56-

19·38) 

20·32 (13·60-

30·37) 

21·3 (15·62-

29·05) 

18·19 (14·67-

22·55) 

2019-2020 3·03 (2·1-

4·36) 

1·79 (1·17-

2·76) 

0·74 (0·47-

1·15) 

1·45 (1·14-

1·83) 

14·90 (8·66-

25·64) 

21·24 (14·44-

31·24) 

12·65 (9·26-

17·29) 

15·06 (12·04-

18·83) 

24·32 (15·89-

37·22) 

46·16 (35·79-

59·54) 

27·2 (21·99-

33·66) 

31·25 (26·81-

36·42) 

Cohort             

Cohort A 2·92 (1·48-

5·77) 

2·45 (1·13-

5·29) 

0·72 (0·27-

1·91) 

1·71 (1·08-

2·69) 

        

Cohort P 

without 

cohort A 

3·30 (2·63-

4·14) 

1·57 (1·13-

2·19) 

0·64 (0·44-

0·93) 

1·54 (1·30-

1·82) 

        



 

Sex             

Female 3·16 (2·31-

4·32) 

1·44 (0·9-2·3) 0·55 (0·32-

0·93) 

1·42 (1·13-

1·8) 

10·68 (6·45-

17·71) 

11·37 (6·94-

18·63) 

11·49 (8·07-

16·37) 

11·26 (8·77-

14·46) 

17·39 (11·66-

25·92) 

28·39 (20·73-

38·89) 

23·99 (18·8-

30·61) 

23·43 (19·71-

27·84) 

Male 3·38 (2·53-

4·51) 

1·89 (1·24-

2·88) 

0·74 (0·47-

1·17) 

1·69 (1·37-

2·08) 

12·65 (8·05-

19·86) 

18·82 (12·87-

27·52) 

10·09 (7·04-

14·48) 

12·92 (10·31-

16·19) 

17·73 (12·08-

26·03) 

34·16 (25·81-

45·21) 

21·72 (16·98-

27·78) 

23·82 (20·16-

28·14) 

Season of birth**             

Spring 0·47 (0·15-

1·45) 

0·77 (0·31-

1·95) 

1·02 (0·56-

1·83) 

0·82 (0·51-

1·31) 

0*** 6·15 (2·45-

15·4) 

18·52 (12·77-

26·86) 

10·72 (7·60-

15·12) 

0*** 16·71 (9·70-

28·77) 

42·87 (33·49-

54·87) 

25·43 (20·31-

31·83) 

Summer 1·55 (0·86-

2·8) 

4·24 (2·92-

6·15) 

0·29 (0·10-

0·82) 

1·6 (1·18-

2·16) 

8·17 (3·90-

17·14) 

36·82 (25·64-

52·88) 

2·03 (0·65-

6·3) 

12·32 (9·01-

16·83) 

14·99 (8·66-

25·95) 

78·13 (61·17-

99·79) 

4·92 (2·39-

10·15) 

25·81 (20·85-

31·95) 

Fall 8·53 (6·60-

11·04) 

1·35 (0·7-

2·61) 

0·17 (0·04-

0·65) 

2·57 (2·03-

3·25) 

31·56 (20·95-

47·55) 

11·37 (5·69-

22·73) 

1·48 (0·37-

5·91) 

11·55 (8·19-

16·27) 

46·95 (33·56-

65·67) 

17·83 (9·98-

31·88) 

4·22 (1·90-

9·4) 

18·41 (13·99-

24·23) 

Winter 2·03 (1·18-

3·48) 

0·15 (0·02-

1·05) 

1·17 (0·7-

1·95) 

1·13 (0·78-

1·62) 

7·23 (2·71-

19·29) 

0*** 25·22 (17·4-

36·55) 

14·41 (10·17-

20·41) 

7·23 (2·71-

19·29) 

0*** 46·33 (35·24-

60·9) 

24·97 (19·17-

32·51) 

Birthweight             

<2500 g 5·78 (1·86-

17·91) 

0*** 0*** 1·49 (0·48-

4·63) 

0*** 38·45 (11·15-

132·56) 

6·94 (0·98-

49·29) 

13·42 (4·87-

36·98) 

0*** 72·07 (30·01-

173·09) 

7·44 (1·05-

52·97) 

22·04 (9·96-

48·75) 

≥2500 g 3·18 (2·55-

3·96) 

1·69 (1·25-

2·3) 

0·66 (0·47-

0·95) 

1·55 (1·32-

1·82) 

12·04 (8·59-

16·88) 

14·72 (10·77-

20·12) 

10·94 (8·47-

14·13) 

12·16 (10·25-

14·43) 

18·1 (13·75-

23·82) 

30·54 (24·63-

37·87) 

23·17 (19·43-

27·62) 

23·73 (21·01-

26·81) 



 

 

* p<0·05 between groups, cohort P = passive surveillance cohort, cohort A = active surveillance cohort; 

** season of birth was defined as follows: spring from March 21st to June 20th, summer from June 21st to September 20th, autumn from September 21st to December 20th, winter from December 21st to March 

20th; 

*** IR estimated as 0, 95% CI not determined because of 0 cases 

 

 



 

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

 

 

 



 

Notes 

Abbreviations; N= Number of infants 

Wheezing: number of children with wheezing of total number of children with known wheezing status 

* Dropout: did not continue with active surveillance 

** Including 16 RSV admissions (also counted in RSV admissions) 

*** Including 7 ARI admissions (also counted in RSV neg admission) 

  



 

Figure 2. Number of all-cause and RSV-associated ARI by months for ARI (A), MA-ARI (B) and hospitalized ARI 

(C). Figure (A) and (B) are derived from the active surveillance cohort, figure (C) from the passive surveillance 

cohort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


