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Abstract 31 

Respiratory syncytial virus (RSV) causes substantial morbidity and mortality in infants and young 32 

children worldwide. There is conflicting evidence on the association between RSV genotype, viral 33 

load, and disease severity. Here we evaluated host demographic and viral factors associated with RSV 34 

disease severity in 325 RSV-infected infants under 1 year of age from three European countries during 35 

2017–2020. Younger infants had a higher clinical severity (ReSViNET) score and were more likely to 36 

require hospitalisation, intensive care, respiratory support, and/or mechanical ventilation than older 37 

infants (<3 months vs. 3 to <6 months and 3 to <6 months vs. ≥6 months). Older age (≥6 months vs. 38 

<3 months), higher viral load, and RSV-A were associated with a greater probability of fever. RSV 39 

viral load decreased by ~60% daily between 3 and 9 days after symptom onset. RSV-A and RSV-B 40 

caused similar disease severity and had similar viral dynamics. The rate of viral load change was 41 

similar in infants with different clinical outcomes, including the ReSViNET scores, presence of fever, 42 

and the requirement for intensive care or mechanical ventilation. Infants with a more severe RSV 43 

infection, demonstrated by having a higher ReSViNET score, fever, and requiring hospitalisation and 44 

intensive care, were more likely to have developed subsequent wheezing at 1 year of age. Taken 45 

together these findings highlight the substantial morbidity caused by RSV infection in young infants 46 

and provide strong evidence of an association with post-infectious wheezing. Preventive intervention 47 

with vaccines or monoclonal antibodies could substantially improve health in infancy and reduce RSV-48 

associated pressures on health systems. 49 

Key words: respiratory syncytial virus, disease severity, wheezing, subgroup, viral load 50 

 51 

Introduction 52 

Human respiratory syncytial virus (RSV) is the leading cause of lower respiratory tract infection (LRTI) 53 

in infants and young children. The annual RSV epidemic is responsible for an estimated 33 million 54 

episodes of LRTI, 3 million hospitalisations, and up to 75,000 in-hospital deaths globally in children 55 
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under 5 years of age [1]. Infants under 3 months of age, those born before 30 weeks’ gestation, and 56 

those with cardiopulmonary disease are at higher risk of severe RSV infection than healthy term infants 57 

[2]. Despite the impact of the disease, there is no licensed vaccine or effective treatment for RSV 58 

disease, and the standard of care remains supportive management of respiratory compromise. 59 

RSV is classified into two subgroups, A and B. Both subgroups co-circulate during annual 60 

epidemics with alternating patterns of subgroup dominance [3]. The majority of studies have shown 61 

that RSV-A causes more severe infection than RSV-B [4, 5], although a few studies have shown the 62 

opposite [6] or similar disease severity with both subgroups [7, 8]. Similarly, there is conflicting 63 

evidence on the association between RSV viral load and disease severity [9-12]. 64 

There is evidence of the association between RSV-associated LRTI in early childhood and the 65 

development of recurrent wheeze and asthma in later childhood up to early adulthood [13-16]. A 66 

double-blind, placebo-controlled, randomised trial showed that prophylaxis with palivizumab (an anti-67 

RSV monoclonal antibody) in otherwise healthy preterm infants born at 33–35 weeks’ gestation 68 

reduced the number of days of recurrent wheeze in the first year of life [17]. A follow-up study of the 69 

same cohort, however, did not find a significant difference in the incidence of asthma nor any changes 70 

in lung function at 6 years of age [18]. Another double-blind, placebo-controlled, randomised trial 71 

showed no effect of prophylaxis with motavizumab (another anti-RSV monoclonal antibody) in 72 

healthy term infants on rates of wheeze during the first 3 years of life [19]. Further studies are required 73 

to establish the causal link between RSV infection and subsequent wheeze and asthma, and the 74 

potential of preventative or therapeutic interventions [20]. 75 

In this study, we prospectively enrolled RSV-infected infants in the Netherlands, Spain, and the 76 

United Kingdom (UK) between 2017 and 2020. We sought to explore the host demographic and viral 77 

factors associated with the clinical characteristics of RSV infection and subsequent wheeze. In doing 78 

so, we could advance our understanding of RSV infection and help identify target populations where 79 

trials of therapeutic and preventative measures could be directed. 80 
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 81 

Methods 82 

Study design and clinical data collection 83 

Infants with primary RSV infection under 1 year of age were prospectively enrolled in a clinical study 84 

from communities and hospitals in the Netherlands, Spain, and the UK during the 2017–2020 RSV 85 

seasons (from October to April). This study is one of four clinical studies in the REspiratory Syncytial 86 

virus Consortium in EUrope (RESCEU) project and has been described in detail previously 87 

(ClinicalTrials.gov identifier: NCT03756766) [21]. Infants who were previously healthy and those 88 

with pre-existing medical conditions (including prematurity, defined as being born before 37 weeks’ 89 

gestation) were eligible for inclusion in this study. The goal was to recruit 500 previously healthy 90 

infants and 50 infants with pre-existing medical conditions. Exclusion criteria included infants who 91 

had received antiviral medication to treat RSV infection (e.g., ribavirin), human immunoglobulin, or 92 

monoclonal antibodies (including palivizumab), infants who had been exposed to an RSV 93 

investigational vaccine or medication, and infants who had received steroids or montelukast within 7 94 

days of enrolment in the study. These medications may affect the symptom presentation, so infants 95 

who had received any of them were excluded from this study. RSV infection was confirmed using 96 

point-of-care testing on the Alere™️ i RSV assay (Abbott, Illinois, United States) in a community 97 

setting or by routine tests (e.g., rapid antigen detection or PCR) at a central laboratory in a hospital 98 

setting. 99 

A nasopharyngeal swab was collected from each participant within 96 hours of symptom onset or 100 

48 hours of admission to the hospital. In addition, hospitalised participants had daily nasopharyngeal 101 

swabs collected, where possible, until hospital discharge. Swabs were immersed in M4RT® transport 102 

medium after collection, aliquoted, and frozen at –80℃ until use. 103 

Demographic and clinical information was gathered through initial screening, medical record 104 

review, and a 14-day online diary completed from the time of enrolment by the parents. Clinical 105 
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severity was evaluated using the following criteria: (1) the ReSViNET score [22]; (2) presence of fever; 106 

and requirement for (3) hospitalisation, (4) intensive care (i.e., admission to a high dependency unit or 107 

an intensive care unit), (5) respiratory support, and/or (6) invasive mechanical ventilation. The 108 

ReSViNET score takes seven clinical parameters into account, including feeding intolerance, medical 109 

intervention, respiratory difficulty, respiratory frequency, apnoea, general condition, and fever. Total 110 

scores range from 0 to 20, with higher scores indicating more severe disease. Fever was defined as at 111 

least one episode of a rectal or tympanic temperature of 38℃ or above during the acute course of the 112 

infection. 113 

Additional clinical information was gathered using parental questionnaires when the participants 114 

were 1 year of age. This included the occurrence of subsequent wheezing and other respiratory 115 

symptoms during the period between the RSV infection and the first birthday. 116 

The study was conducted in accordance with the provisions of the Declaration of Helsinki and 117 

was approved by the relevant ethics committees at each site: the Medical Ethical Committee, 118 

University Medical Center Utrecht (no. 17/563) in the Netherlands; Comité de Ética de la 119 

Investigación de Santiago-Lugo (no. 2017/395) in Spain; and the Health Research Authority (no. 120 

231136) and South Central and Hampshire A Research Ethics Committee (no. 17/SC/0522) in the UK. 121 

The parents or guardians of all participants provided written, informed consent. 122 

 123 

Viral load measurement and typing 124 

Viral load and RSV subgroup were determined by quantitative reverse transcription PCR (RT-qPCR). 125 

RT-qPCR was performed at GlaxoSmithKline (protocol proprietary). The primers of this duplex RT-126 

qPCR assay targeted the N gene for both RSV-A and RSV-B. The limit of detection was 304 127 

copies/mL for RSV-A and 475 copies/mL for RSV-B. 128 

Samples with undetectable viral load were removed from analyses. To compare viral load data 129 

between participants, either initial or peak viral load was used. For participants with serial swabs 130 
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collected, initial viral load was defined as the viral load of the first collected sample with detectable 131 

viral load, and peak viral load was defined as the maximum viral load detected among all available 132 

samples. For participants who had only one viral load data point, it was used to represent both initial 133 

and peak viral load. 134 

When there was not enough sample for RT-qPCR or the viral load was below the limit of detection, 135 

subgroup information was gathered from a previously described viral whole-genome sequencing study 136 

on the same cohort [23]. 137 

 138 

Statistical analyses 139 

Pearson correlation analyses were used to evaluate the correlation between variables. Mann–Whitney 140 

U or Kruskal–Wallis tests were used to compare continuous variables between groups. Chi-square 141 

tests with Yates’ correction were employed for contingency analyses, and Fisher’s exact tests were 142 

used when the expected value for a cell was less than five. The rate of viral load change was determined 143 

by linear regression of viral load on the days after symptom onset, where samples with undetectable 144 

viral load were removed from the regression analysis. 145 

When comparing clinical outcome variables between different groups of participants, multiple 146 

linear regression (for continuous outcome variables), multiple logistic regression (for dichotomous 147 

outcome variables), and proportional odds ordered logistic regression (for ordered outcome variables) 148 

were used to adjust for covariates (e.g., participant age, gestational age, sex, etc.). Likelihood ratio 149 

tests were used to evaluate the effect of age or country on the goodness of fit of models including other 150 

covariates. A post hoc adjustment for multiple comparisons with the Benjamini–Hochberg procedure 151 

was applied to determine false discovery rate–corrected Q values in all these comparisons of clinical 152 

outcomes between participants. Analysis of covariance (ANCOVA) tests were performed to compare 153 

the rates of viral load decline between different groups of participants. 154 
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All statistical analyses were performed using R (v4.1.1) [24]. A P value, or Q value in the case of 155 

multiple comparisons, of less than 0.05 was considered to indicate statistical significance. 156 

 157 

Results 158 

Study population 159 

A total of 325 RSV-infected infants were enrolled from the Netherlands, Spain, and the UK during 160 

2017–2020 (Table S1). Infants enrolled in the Netherlands were younger and had a higher proportion 161 

requiring intensive care and mechanical ventilation than those enrolled in the other two countries 162 

[median age (interquartile range, or IQR), 2.5 (1.4–5.7) vs. 3.5 (1.7–7.5) months; intensive care, 42% 163 

vs. 16%; mechanical ventilation, 44% vs. 12%; Table S2]. 164 

Excluding five infants without available age information, the median age of the 320 infants was 165 

3.0 months (IQR, 1.5–6.6 months). Females accounted for 42% of the infants. Eight percent of the 166 

infants were born preterm; 31% of these preterm infants were born before 32 weeks’ gestation, all of 167 

whom were enrolled in the UK. Of the 325 infants, 44 (14%) had comorbidities, including prematurity 168 

with or without bronchopulmonary dysplasia, ventricular septal defect, congenital hypothyroidism, 169 

wheeze, or other congenital abnormalities. The demographic characteristics of these infants are shown 170 

in Tables 1 and S2. 171 

The associations between disease severity and demographic features (age, gestational age, sex, 172 

comorbidity) were evaluated using different clinical outcomes, including ReSViNET score, presence 173 

of fever, and the need for hospitalisation, intensive care, respiratory support, or mechanical ventilation, 174 

after adjusting for these demographic variables and RSV subgroup. These clinical outcomes were 175 

positively correlated with each other, except fever (Figure 1). While older infants had a lower 176 

ReSViNET score and were less likely to require hospitalisation, intensive care, respiratory support, 177 

and/or mechanical ventilation, they were more likely to have fever than younger infants (Table 1). 178 



 9 

Preterm and term infants did not show any significant difference in these clinical outcomes. 179 

Similarly, male and female infants had similar disease severity in all tested clinical outcomes. Infants 180 

with any pre-existing medical condition had a higher ReSViNET score [mean ± standard deviation 181 

(SD), 12.0 ± 4.8 vs. 8.6 ± 4.5; Q = 0.044] and were more likely to require respiratory support [Odds 182 

Ratio (OR), 4.9; 95% confidence interval (CI), 1.5 to 19; Q = 0.049] than those without comorbidity. 183 

 184 

 185 

Figure 1. Correlations between clinical outcome variables. Pearson correlation analyses were used to 186 

evaluate the correlations between these variables. Pearson correlation coefficients for these 187 

correlations are colour coded according to the legend. Significant correlations are marked with stars. 188 

All significant correlations had a P value of <0.001. PICU denotes paediatric intensive care unit. The 189 

ReSViNET score accounts for seven clinical variables: feeding intolerance, medical intervention, 190 

respiratory difficulty, respiratory frequency, apnoea, general condition, and fever. 191 

 192 

RSV subgroup and viral load 193 

Of the 292 infants for whom RSV subgroup information was available, 151 (52%) were infected with 194 

RSV-A, 140 (48%) with RSV-B, and 1 was coinfected with RSV-A and RSV-B. The subgroup 195 

information of 14 infants was gathered from sequencing results due to lack of RT-qPCR data. RSV-B 196 

was the predominant circulating subgroup during the 2017–18 RSV season, accounting for 67% (38/57) 197 

of the isolates, whereas RSV-A dominated the 2019–20 season, accounting for 64% (79/123) of the 198 

infections. During the 2018–19 season, RSV-A and RSV-B were co-circulating with similar 199 

prevalence. The incidences of the two subgroups in each country and season are shown in Table 2. 200 

RSV-A-infected and RSV-B-infected infants had similar demographic and clinical features in our 201 

dataset, except infants infected with RSV-A were more likely to have fever than those infected with 202 
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RSV-B (OR, 1.8; 95% CI, 1.1 to 3.2; P = 0.029) (Table 3). However, this difference was not significant 203 

after correction for multiple comparisons. 204 

Nasopharyngeal viral load data were available for 278 infants. Among them, 77 had multiple days 205 

of viral load data during hospitalisation (mean ± SD, 3.6 ± 2.0 days). Combining all 483 viral load 206 

data points from the 278 infants, samples collected within 7 days of symptom onset had mean ± SD 207 

viral load of 6.4 ± 1.5 log10 copies/mL. This figure decreased to 4.6 ± 1.5 log10 copies/mL for samples 208 

collected between 8 and 14 days of symptom onset. No sample collected after 16 days of symptom 209 

onset had detectable viral load. 210 

Samples generating the initial and peak viral loads were collected 3.9 ± 1.7 and 4.1 ± 1.8 days 211 

(mean ± SD) after symptom onset, respectively. RSV-A and RSV-B samples had similar peak viral 212 

load (Figure 2 and Table 3). After adjusting for age, gestational age, sex, comorbidity, RSV subgroup, 213 

and days between symptom onset and sample collection, infants with a febrile RSV infection had a 214 

higher peak viral load than those with an afebrile RSV infection (7.1 ± 1.2 vs. 6.6 ± 1.4 log10 copies/mL, 215 

P = 0.042) (Table 4). However, this difference became insignificant after correction for multiple 216 

comparisons (Table 4) or excluding infants with only one swab collected (Table S3). Figure S1 shows 217 

the probability of fever increasing with age, viral load, and RSV-A infection. Peak viral load did not 218 

correlate with the ReSViNET score, the need for hospitalisation, intensive care, respiratory support, 219 

and/or mechanical ventilation after adjusting for the same covariates (Table 4, and Table S3 Similar 220 

results were seen when using initial viral load in the above-mentioned comparisons (data not shown). 221 

 222 

RSV viral dynamics were analysed using serial viral load data from 77 hospitalised infants. 223 

Overall, viral load decreased by 59% daily (95% CI, 48% to 67%) between 3 and 9 days after symptom 224 

onset (Figure S2). Infants in different age groups or severity groups had similar rates of decrease in 225 

viral load. In addition, infants infected with RSV-A and RSV-B had similar rates of viral clearance 226 

(Table S4). 227 
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 228 

Figure 2. Distributions of peak viral loads for RSV-A and RSV-B. Samples generating the peak viral 229 

loads were collected 4.0 ± 1.8 and 4.1 ± 1.8 days (mean ± SD) after symptom onset for RSV-A and 230 

RSV-B, respectively. A Mann–Whitney U test was used to evaluate the significance of the difference 231 

in peak viral load between the two subgroups. The centre line of each box denotes the median; box 232 

limits, the first and third quartiles; whiskers, the highest and lowest values within 1.5 times the 233 

interquartile range from the box limits; and outlying points, outliers. The P value is shown above the 234 

boxplot. 235 

 236 

 237 

Respiratory sequelae at 1 year of age 238 

Among the 325 infants, 165 (51%) had 1-year follow-up data on respiratory sequelae. Association 239 

analysis of clinical features and sequelae (wheezing episodes since infection) was performed using 240 

this cohort (Table 5). The median age at the time of the RSV infection of infants who subsequently 241 

developed wheezing in this study was 3.7 months (IQR, 1.3-6.2 months), while infants who did not 242 

subsequently develop wheezing had a median age of 4.3 months (IQR, 1.5-7.3 months) when infected. 243 

Hospitalisation showed the greatest influence on the development of subsequent wheezing (Q = 244 

2.8×10–4) after adjusting for age, gestational age, sex, comorbidity, and viral subgroup, while high 245 

ReSViNET scores, fever, and requirement of intensive care were also significantly associated with 246 

wheezing development (Q = 0.007, 0.014, and 0.014, respectively) (Table 5). 247 

 248 

Discussion 249 

In this study, we found that chronological age was significantly associated with severe RSV disease. 250 

Younger infants were more likely to require hospitalisation, intensive care, respiratory support, and/or 251 

mechanical ventilation, while older infants were more likely to have fever. While both RSV subgroups 252 
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had similar viral dynamics, RSV-A and high viral load were associated with a higher probability of 253 

fever than RSV-B and low viral load. Infants who had a high ReSViNET score, fever, or required 254 

hospitalisation or intensive care were more likely to develop subsequent wheezing at 1-year follow-255 

up. 256 

We demonstrated a positive relationship between the probability of fever and infant age. Elevated 257 

levels of interferon (IFN)-α and IFN-γ have been known to cause fever, based on results of IFN trials 258 

[25]. Studies have also shown that decreased levels of type I IFN (particularly IFN-α1) and IFN-γ in 259 

peripheral blood and the nasopharynx are associated with more severe RSV disease in children under 260 

2 years of age [12, 26]. In addition, one study showed that RSV induced lower levels of IFN-α in 261 

infants than in children 12 months to <5 years old [27], suggesting that younger infants may have 262 

lower levels of IFN than older infants at acute RSV infection. Altogether, IFN levels may explain why 263 

younger infants have more severe disease but a lower incidence of fever than older ones. Blood, stool, 264 

urine, and respiratory microbiome swabs were collected in this study to investigate the immunological 265 

factors determining disease severity. Results of these analyses will be published separately.   266 

RSV-A was more likely to cause a febrile infection than RSV-B in our cohort, while other clinical 267 

outcomes were not significantly different between the two subgroups. Previous studies have shown 268 

conflicting results on the association between RSV subgroup and disease severity [4-8], but none have 269 

included fever as an outcome variable. From our previous sequencing study [23], we have shown that 270 

all of the RSV strains isolated in this study were genotype ON1 (RSV-A) and BA (RSV-B), which are 271 

the current dominating strains worldwide [28-30]. 272 

In our dataset, viral load positively correlated with the probability of fever, but not with other 273 

clinical outcome measures. Studies enrolling previously healthy RSV-infected children under 2 years 274 

of age had contrasting results. One showed that viral load positively correlated with the duration of 275 

hospitalisation and the requirement for intensive care and mechanical ventilation [9], while the other 276 

showed that a higher initial viral load was associated with milder disease in terms of the need for 277 
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hospitalisation and intensive care [31]. These studies did not evaluate the association between viral 278 

load and the possibility of fever [9, 31]. Furthermore, we did not find the rate of viral clearance 279 

associated with any of the tested clinical variables. However, delayed viral clearance has been shown 280 

in children requiring a longer duration of hospitalisation and those requiring intensive care [9, 31]. 281 

It is worth noting that studies on the association between RSV disease severity and viral factors 282 

(subgroup and viral load) have yielded conflicting results [4-12, 31]. The inconsistency is likely due 283 

to differences in study populations, definitions of disease severity, and/or genotypes of the infecting 284 

viruses. Our study is robust insofar as it included infants with a wide range of disease severities and 285 

from 3 different countries, albeit limited to Europe. We also included infants who were previously 286 

healthy and those who had comorbidities. Furthermore, we used several clinical outcome measures to 287 

account for the variability in disease presentation. Individual variation in patient characteristics 288 

(particularly immunological characteristics) is a potential cause of the difficulties in robustly assessing 289 

the relationship between viral load and disease severity. It may be possible to control for 290 

immunological variation using a biomarker that measures immunological predisposition towards more 291 

severe RSV disease to produce a more accurate assessment.  292 

In our dataset, having more severe disease, demonstrated by high ReSViNET scores, fever, and 293 

requiring hospitalisation or intensive care, was associated with subsequent wheezing. The fact that 294 

multiple clinical variables correlated with wheezing suggests a complex origin for wheezing. Further 295 

follow up of these children up to 3 years of age is ongoing and will reveal if wheezing is transient or 296 

persistent throughout early childhood. Prospective controlled trials including interventions, such as 297 

vaccines or monoclonal antibodies, may be required to definitively characterise the relationship 298 

between RSV disease and respiratory sequelae. 299 

Our study represents one of the most comprehensive datasets evaluating the associations between 300 

host demographic and viral factors and RSV disease severity and sequelae. Our findings deepen our 301 

understanding of the risk factors for severe RSV disease and subsequent wheezing, and identify the 302 
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target populations for therapeutic and preventative measures, particularly antivirals, vaccines, and 303 

monoclonal antibodies, in late-stage clinical trials.  304 
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Table 1. Characteristics of the RSV-infected infants, stratified by age group (N = 320).a 353 

 

<3 months 

(N = 160) 

3 to <6 months 

(N = 63) 

≥6 months 

(N = 97) P value Q value 

Demographic features      

Gestational age      

  Median (IQR)—weeks 

39.0 

(38.0–40.1) 

39.6 

(38.1–40.3) 

39.9 

(38.8–40.7) 

0.012  

  Distribution    0.990  

    <32 weeks 4/160 (3) 1/62 (2) 3/96 (3)   

    32 to <37 weeks 9/160 (6) 3/62 (5) 6/96 (6)   

    ≥37 weeks 147/160 (92) 58/62 (94) 87/96 (91)   

Female sex 57 (36) 25 (40) 50 (52) 0.041  

Weight—total no. 158 59 94   

  Mean ± SD—kg 4.5 ± 1.0 6.7 ± 0.9 8.4 ± 1.3 2.7×10–49  

Comorbidity 21 (13) 6 (10) 17 (18) 0.338  

      

Virological features      

Subgroup A 73/147 (50) 35/61 (57) 41/78 (53) 0.597b  

Peak viral load—total no. 137 56 77   

  Mean ± SD—log10 

copies/mL 

6.6 ± 1.4 6.8 ± 1.3 7.1 ± 1.3 0.109c  

      

Clinical featuresd      

ReSViNET score      

  Mean ± SD 10.3 ± 4.6 8.9 ± 4.7 7.0 ± 4.2 2.1×10–8 4.8×10–8 
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  Distribution    1.2×10–6 1.6×10–6 

    0–7 49/155 (32) 26/61 (43) 51/90 (57)   

    8–13 62/155 (40) 23/61 (38) 31/90 (34)   

    14–20 44/155 (28) 12/61 (20) 8/90 (9)   

Fever 34/156 (22) 21/61 (34) 44/90 (49) 5.2×10–4 5.2×10–4 

Hospitalisation 141/158 (89) 45/62 (73) 47/93 (51) 1.2×10–9 4.3×10–9 

PICU admission 61/158 (39) 13/62 (21) 12/93 (13) 4.5×10–6 5.3×10–6 

Respiratory support 126/148 (85) 37/55 (67) 34/81 (42) 6.5×10–13 4.5×10–12 

Mechanical ventilation 55/148 (37) 10/55 (18) 5/81 (6) 5.6×10–7 9.8×10–7 

a Five infants without available age information were excluded from this table. IQR denotes 354 

interquartile range; SD, standard deviation; and PICU, paediatric intensive care unit. Unless otherwise 355 

specified, data are shown as no. (%) or no./total no. (%) if there are missing data. Percentages may not 356 

total 100 due to rounding. 357 

b Multiple logistic regression was used to adjust for sampling season. A likelihood-ratio test was used 358 

to assess the effect of age on the goodness of fit of the models. 359 

c Multiple linear regression was used to adjust for days between symptom onset and sample collection. 360 

A likelihood-ratio test was used to assess the effect of age on the goodness of fit of the models. 361 

d Multiple linear regression, ordered logistic regression, and multiple logistic regression were used to 362 

adjust for gestational age, sex, comorbidity, and viral subgroup when comparing different clinical 363 

features between the age groups. Likelihood-ratio tests were used to assess the effect of age on the 364 

goodness of fit of the models. Infants 3 to <6 months old had a similar rate of fever to that of infants 365 

<3 months old and infants ≥6 months old. Infants <3 months old and infants 3 to <6 months old had a 366 

similar distribution of the ReSViNET score. All other pairwise comparisons of the clinical features 367 

between the three age groups were significantly different. 368 

 369 
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Table 2. Incidences of the two RSV subgroups in each country and each season. 370 

 RSV-A 

(N = 151) 

RSV-B 

(N = 140) 

Mixed 

(N = 1) 

Unknowna 

(N = 33) 

2017–18 19 38 0 0 

Netherlands 15 36 0 0 

Spain 0 0 0 0 

United Kingdom 4 2 0 0 

2018–19 53 58 1 11 

Netherlands 13 23 0 4 

Spain 6 4 0 6 

United Kingdom 34 31 1 1 

2019–20 79 44 0 22 

Netherlands 28 17 0 1 

Spain 14 5 0 0 

United Kingdom 37 22 0 21 

a Samples from 25 participants were not tested by quantitative reverse transcription PCR. Samples 371 

from eight participants were tested, but viral load was under the limit of detection. 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 
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Table 3. Characteristics of the RSV-infected infants by RSV subgroup.a 381 

 

RSV-A 

(N = 151) 

RSV-B 

(N = 140) P value Q value 

Demographic features     

Age     

Median (IQR)—months 3.1 (1.5–6.4) 2.8 (1.5–6.1) 0.689  

Distribution—no./total no. (%)   0.595  

<3 months 73/149 (49) 74/137 (54)   

3 to <6 months 35/149 (23) 26/137 (19)   

≥6 months 41/149 (28) 37/137 (27)   

Gestational age     

Median (IQR)—weeks 39.4 (37.9–40.3) 39.3 (38.3–40.1) 0.715  

Distribution—no./total no. (%)   0.436  

<32 weeks 3/150 (2) 5/140 (4)   

32 to <37 weeks 11/150 (7) 6/140 (4)   

≥37 weeks 136/150 (91) 129/140 (92)   

Female sex—no. (%) 61 (40) 64 (46) 0.426  

Weight—total no. 151 132   

Mean ± SD—kg 6.1 ± 1.9 6.0 ± 2.0 0.836  

Comorbidity—no. (%) 17 (11) 21 (15) 0.440  

     

Virological feature     

Peak viral load—total no. 139 136   

Mean ± SD—log10 copies/mL 6.9 ± 1.3 6.7 ± 1.4 0.183b  
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Clinical featuresc     

ReSViNET score     

Mean ± SD 8.8 ± 4.3 9.1 ± 5.0 0.730 0.851 

Distribution—no./total no. (%)   0.918 0.918 

0–7 63/149 (42) 57/137 (42)   

8–13 60/149 (40) 49/137 (36)   

14–20 26/149 (17) 31/137 (23)   

Fever—no./total no. (%) 54/150 (36) 34/137 (25) 0.029 0.203 

Hospitalisation—no. (%) 114 (75) 99 (71) 0.151 0.352 

PICU admission—no. (%) 34 (23) 44 (31) 0.114 0.352 

Respiratory support—no./total no. 

(%) 

93/133 (70) 88/127 (69) 0.366 0.512 

Mechanical ventilation—no./total 

no. (%) 

31/133 (23) 38/127 (30) 0.325 0.512 

a IQR denotes interquartile range; SD, standard deviation; PICU, paediatric intensive care unit. 382 

Percentages may not total 100 due to rounding. 383 

b Multiple linear regression was used to adjust for days between symptom onset and sample collection. 384 

c Multiple linear regression, ordered logistic regression, and multiple logistic regression were used to 385 

adjust for age, gestational age, sex, and comorbidity when comparing different clinical features 386 

between the subgroups.  387 
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Table 4. Associations between clinical variables and peak viral load in RSV-infected infants (N = 388 

275).a 389 

 Number of 

infants 

Peak viral load 

(Mean ± SD) 

Days since 

symptom onset 

P value Q value 

ReSViNET score    0.246 0.493 

0–7 115 6.7 ± 1.4 3.7 ± 1.5   

8–13 101 6.8 ± 1.3 4.3 ± 1.9   

14–20 54 6.8 ± 1.3 4.5 ± 1.9   

Fever    0.042 0.251 

No 190 6.6 ± 1.4 4.1 ± 1.8   

Yes 81 7.1 ± 1.2 4.1 ± 1.8   

Hospitalisation    0.456 0.547 

No 75 6.8 ± 1.5 3.3 ± 1.3   

Yes 200 6.8 ± 1.3 4.3 ± 1.8   

PICU admission    0.331 0.496 

No 200 6.8 ± 1.4 4.0 ± 1.8   

Yes 75 6.8 ± 1.3 4.3 ± 1.9   

Respiratory support    0.717 0.717 

No 74 7.0 ± 1.4 3.5 ± 1.4   

Yes 172 6.7 ± 1.3 4.4 ± 1.9   

Mechanical ventilation    0.133 0.400 

No 180 6.8 ± 1.4 4.1 ± 1.8   

Yes 66 6.9 ± 1.3 4.3 ± 1.9   

a SD denotes standard deviation and PICU denotes paediatric intensive care unit. Ordered logistic 390 

regression or multiple logistic regression was used to adjust for age, gestational age, sex, comorbidity, 391 
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RSV subgroup, and days between symptom onset and sample collection when comparing viral load 392 

between infants with different clinical features. 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 
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Table 5. Characteristics of the RSV-infected infants by respiratory sequelae at 1 year of age (N = 165).a 417 

 

Non-wheezer 

(N = 84) 

Wheezer 

(N = 81) P value Q value 

Demographic features     

Age     

Median (IQR)—months 4.3 (1.5–7.3) 3.7 (1.3–6.2) 0.948  

Distribution—no./total no. (%)   0.876  

<3 months 33/83 (40) 44/77 (57)   

3 to <6 months 20/83 (24) 13/77 (17)   

≥6 months 30/83 (36) 20/77 (26)   

Gestational age     

Median (IQR)—weeks 39.0 (38.0–40.0) 39.0 (38.0–40.0) 0.571  

Distribution—no./total no. (%)   0.704  

<32 weeks 0 0   

32 to <37 weeks 4/83 (5) 5/81 (6)   

≥37 weeks 79/83 (95) 76/81 (94)   

Female sex—no. (%) 42 (50) 37 (46) 0.689  

Weight     

Mean ± SD—kg 6.1 ± 1.8 6.0 ± 1.8 0.911  

Comorbidity—no. (%) 5 (6) 7 (9) 0.714  

     

Virological features     

Subgroup A—no. (%) 45 (54) 40 (49) 0.451  

Peak viral load—total no.b 77 67   

Mean ± SD—log10 copies/mL 7.9 ± 0.5 8.1 ± 0.6 0.228  
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Clinical featuresc     

ReSViNET score     

Mean ± SD 7.1 ± 5.0 9.3 ± 4.5 0.002 0.007 

Distribution—no./total no. (%)   0.016 0.024 

0–7 43/81 (53) 25/81 (31)   

8–13 22/81 (27) 34/81 (42)   

14–20 16/81 (20) 22/81 (27)   

Fever—no./total no. (%) 18/81 (22) 33/81 (41) 0.017 0.024 

Hospitalisation—no. (%) 47 (56) 59 (73) 3.9×10–5 2.8×10–4 

PICU admission—no. (%) 19 (23) 29 (36) 0.011 0.024 

Respiratory support—no. (%) 41 (49) 51 (63) 0.212 0.212 

Mechanical ventilation—no. (%) 14 (17) 25 (31) 0.084 0.098 

a IQR denotes interquartile range; SD, standard deviation; PICU, paediatric intensive care unit. 418 

b Multiple linear regression was used to adjust for days between symptom onset and sample collection. 419 

c Multiple linear regression, ordered logistic regression, and multiple logistic regression were used to 420 

adjust for age, gestational age, sex, comorbidity, and viral subgroup when comparing different clinical 421 

features between the RSV-infected infants without and with subsequent wheezing. 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 
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 430 

Figure S1. Predicted probability of fever for different ages, peak RSV viral loads, and subgroups. The 431 

probability of fever was predicted based on a multiple logistic regression model with age (two groups), 432 

RSV subgroup, and viral load as explanatory (independent) variables. Each age group had 100 RSV-433 

A and 100 RSV-B simulated data points, distributed evenly between 2.7 log10 and 9.6 log10 copies/mL, 434 

the lowest and the highest viral load in our dataset, respectively. Shaded area around each line 435 

represents the 95% confidence interval. 436 

 437 

 438 

Figure S2. Viral dynamics in serial samples of the hospitalised infants (N = 77). Samples with 439 

undetectable viral load were excluded from this analysis. Each grey dot is a single sample (N = 281). 440 

Black dots and error bars denote the mean value and standard deviation of data at each time point, 441 
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respectively. The line across different days is the regression line (R2 = 0.184, P = 2.2×10–12), and the 442 

shaded area around this line represents the 95% confidence interval. The error bars and linear 443 

regression were only performed on days with at least 10 samples, which were between day 3 and day 444 

9. 445 

 446 

 447 

 448 

 449 

 450 
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 457 
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 460 

 461 

 462 

 463 

 464 

 465 

Table S1. Number of RSV-infected infants in each country and each season. 466 
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 Netherlands Spain United Kingdom Total 

2017–18 51 0 6 57 

2018–19 40 16 67 123 

2019–20 46 19 80  145 

Total 137 35 153 325 

  467 
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Table S2. Characteristics of the RSV-infected infants, stratified by country (N = 325).a 468 

 

Netherlands 

(N = 137) 

Spain 

(N = 35) 

UK 

(N = 153) P value Q value 

Demographic features      

Age      

Median (IQR)—months 2.5 (1.4–5.7) 2.9 (1.9–7.3) 3.8 (1.7–7.5) 0.047  

Distribution    0.085  

<3 months 74/132 (56) 20/35 (57) 66/153 (43)   

3 to <6 months 26/132 (20) 3/35 (9) 34/153 (22)   

≥6 months 32/132 (24) 12/35 (34) 53/153 (35)   

Gestational age      

Median (IQR)—weeks 

39.6 

(38.3–40.3) 

39.7 

(38.6–40.3) 

39.1 

(38.0–40.3) 

0.494  

Distribution    0.012  

<32 weeks 0/136 (0) 0/35 (0) 8/152 (5)   

32 to <37 weeks 5/136 (4) 4/35 (11) 9/152 (6)   

≥37 weeks 131/136 (96) 31/35 (89) 135/152 (89)   

Female sex 55 (40) 16 (46) 65 (42) 0.817  

Weight—total no. 133 34 149   

Mean ± SD—kg 5.9 ± 1.9 5.8 ± 1.6 6.3 ± 2.2 0.175  

Comorbidity 13 (9) 7 (20) 24 (16) 0.138  

      

Virological features      

Subgroup A 56/132 (58) 20/29 (69) 75/130 (58) 0.118b  

Peak viral load—total no. 127 21 127   
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Mean ± SD—log10 

copies/mL 

6.6 ± 1.4 6.7 ± 1.2 7.0 ± 1.3 0.012c  

      

Clinical featuresd      

ReSViNET score      

Mean ± SD 8.9 ± 5.2 8.8 ± 3.4 9.1 ± 4.6 0.613 0.613 

Distribution    0.570 0.613 

0–7 60/135 (44) 10/28 (36) 60/148 (41)   

8–13 42/135 (31) 16/28 (57) 59/148 (40)   

14–20 33/135 (24) 2/28 (7) 29/148 (20)   

Fever 35/135 (26) 18/29 (62) 47/148 (32) 7.2×10–4 1.7×10–3 

Hospitalisation 89/136 (65) 24/29 (83) 121/153 (79) 0.034 0.060 

PICU admission 57/136 (42) 3/29 (10) 26/153 (17) 3.9×10–9 2.7×10–8 

Respiratory support 85/112 (76) 19/29 (66) 94/144 (65) 0.123 0.172 

Mechanical ventilation 49/112 (44) 4/29 (14) 17/144 (12) 1.4×10–8 4.8×10–8 

a IQR denotes interquartile range; SD, standard deviation; and PICU, paediatric intensive care unit. 469 

Unless otherwise specified, data are shown as no. (%) or no./total no. (%) if there are missing data. 470 

Percentages may not total 100 due to rounding. 471 

b Multiple logistic regression was used to adjust for sampling season. A likelihood-ratio test was used 472 

to assess the effect of country on the goodness of fit of the models. 473 

c Multiple linear regression was used to adjust for days between symptom onset and sample collection. 474 

A likelihood-ratio test was used to assess the effect of country on the goodness of fit of the models. 475 

d Multiple linear regression, ordered logistic regression, and multiple logistic regression were used to 476 

adjust for age, gestational age, sex, comorbidity, and viral subgroup when comparing different clinical 477 
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features between the countries. Likelihood-ratio tests were used to assess the effect of country on the 478 

goodness of fit of the models.  479 
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Table S3. Associations between clinical variables and peak viral load in RSV-infected infants who had 480 

multiple swabs collected (N = 77).a 481 

 Number of 

infants 

Peak viral load 

(Mean ± SD) 

Days since 

symptom onset 

P value Q value 

ReSViNET score    0.201 0.251 

0–7 16 7.0 ± 1.4 4.3 ± 1.3   

8–13 41 7.1 ± 1.2 4.6 ± 1.9   

14–20 18 7.4 ± 1.2 5.2 ± 1.8   

Fever    0.115 0.251 

No 51 6.9 ± 1.2 4.7 ± 1.9   

Yes 25 7.5 ± 1.1 4.6 ± 1.4   

PICU admission    0.191 0.251 

No 57 7.0 ± 1.2 4.7 ± 1.8   

Yes 19 7.4 ± 1.0 4.6 ± 1.6   

Respiratory support    0.317 0.317 

No 9 7.7 ± 1.4 4.1 ± 1.1   

Yes 66 7.0 ± 1.2 4.8 ± 1.8   

Mechanical ventilation    0.061 0.251 

No 56 7.0 ± 1.2 4.7 ± 1.7   

Yes 19 7.4 ± 1.1 4.7 ± 1.9   

a SD denotes standard deviation and PICU denotes paediatric intensive care unit. Ordered logistic 482 

regression or multiple logistic regression was used to adjust for age, gestational age, sex, comorbidity, 483 

RSV subgroup, and days between symptom onset and sample collection when comparing viral load 484 

between infants with different clinical features.  485 
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Table S4. Associations between clinical variables and daily viral load change in hospitalised infants 486 

(N = 77).a 487 

 Daily change 95% CI P value Q value 

Age   0.416 0.832 

<3 months 46% 31–69%   

≥6 months 36% 23–57%   

Subgroup   0.828 0.859 

RSV-A 40% 29–55%   

RSV-B 42% 29–60%   

ReSViNET score   0.769 0.859 

0–7 53% 18–155%   

8–13 39% 21–72%   

14–20 56% 23–138%   

Fever   0.087 0.518 

No 49% 35–70%   

Yes 30% 19–47%   

PICU admission   0.859 0.859 

No 38% 28–50%   

Yes 39% 26–60%   

Mechanical ventilation   0.173 0.518 

No 35% 26–46%   

Yes 49% 32–74%   

a Only 14 infants were 3 to <6 months old and only nine infants did not require respiratory support, so 488 

there were not enough data to compare the viral load changes in infants 3 to <6 months old and between 489 
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infants with and without respiratory support. CI denotes confidence interval and PICU denotes 490 

paediatric intensive care unit.  491 
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