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Background. Interventions introduced to reduce the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
led to a widespread reduction in childhood infections. However, from spring 2021 onwards the United Kingdom and Ireland
experienced an unusual out-of-season epidemic of respiratory disease.

Methods. We conducted a prospective observational study (BronchStart), enrolling children 0-23 months of age presenting
with bronchiolitis, lower respiratory tract infection, or first episode of wheeze to 59 emergency departments across England,
Scotland, and Ireland from May 2021 to April 2022. We combined testing data with national admissions datasets to infer the
impact of respiratory syncytial virus (RSV) disease.

Results. The BronchStart study collected data on 17 899 presentations for 17 164 children. Risk factors for admission and
escalation of care included prematurity and congenital heart disease, but most admissions were for previously healthy term-
born children. Of those aged 0-11 months who were admitted and tested for RSV, 1907 of 3912 (48.7%) tested positive. We
estimate that every year in England and Scotland 28 561 (95% confidence interval, 27 637-29 486) infants are admitted with

RSV infection.

Conclusions. RSV infection was the main cause of hospitalizations in this cohort, but 51.3% of admissions in infants were not
associated with the virus. The majority of admissions were in previously healthy term-born infants.
Keywords. respiratory syncytial virus; respiratory infections; immunization.

Respiratory syncytial virus (RSV) is an RNA virus that prior to
the coronavirus disease 2019 (COVID-19) pandemic caused
annual epidemics of respiratory infections, most prominently
bronchiolitis. The main burden of bronchiolitis disease is in
those under 1 year of age [1]. In temperate climates RSV
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epidemics, similar to influenza, normally occur in the autumn
and winter [2]. Although RSV is the main driver of winter sea-
sonal bronchiolitis epidemics, other viruses such as rhinovirus
and human metapneumovirus are also important contributors.
Globally, viral bronchiolitis is one of the largest contributors to
hospital admission for children under the age of 5 years [3-5].

Nonpharmaceutical interventions, introduced in early 2020 to
limit the spread of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), led initially to a reduction in the burden of all
childhood infectious disease [6, 7] and subsequently to a disruption
in the timing of annual RSV epidemics. The autumn and winter of
2020-2021 saw very few RSV infections in children in the northern
hemisphere countries of Europe, the United States, and China [8].
There was then an out-of-season increase in RSV in most of these
countries the following spring or summer (of 2021) [9], reflecting
what had already been observed in the southern hemisphere [10].

Despite significant investment, attempts to develop an effec-
tive RSV vaccine have proven unsuccessful until recently [11,
12]. Nirsevimab, a long-acting anti-RSV monoclonal antibody
targeting site 0 of the RSV fusion protein, given as a single in-
jection to infants at the start of their first RSV season, has
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recently shown significant benefit in a multinational random-
ized controlled trial [13], with recent Medicines and
Healthcare Products Regulatory Agency [14] and European
Medicines Agency [15] licensing approval. There are similar
promising results from a phase 3 maternal immunization study
for RSV [16]. It is therefore likely that monoclonal antibodies
and/or maternal immunization will be introduced to routine
clinical care soon, either for high-risk, or all, infants.
Up-to-date information on the burden of disease is needed to
inform the introduction of such immunizations.

The BronchStart study was initiated in the spring of 2021 to
prospectively examine features of an anticipated unusual RSV
summer season. At this point there were concerns that lack of ex-
posure to viral infection in mothers and in the 0-23-month age
group might lead to more severe disease in young children, and
a shift in age distribution of disease in this group, and we therefore
focused the study on this population. We have previously reported
our interim results, showing transposed seasonality but no evi-
dence for increased severity of disease in this cohort [17].

Here, we present full data from the study, with a focus on the
hospital treatment burden of serious viral respiratory tract in-
fections. We examine the risk of more severe disease in at-risk
groups, and present data on the proportion of cases caused by
RSV. Using the BronchStart cohort, we utilized national admis-
sions data from England and Scotland from years before the
COVID-19 pandemic to infer the total RSV-specific annual ad-
missions and treatment burden for an average nonpandemic
year, with the aim of informing decisions regarding the roll-out
of any RSV preventative measure.

METHODS

Inferring the impact of respiratory syncytial virus disease in a
typical year requires integration of findings from the
BronchStart study with national admissions datasets from
England and Scotland. The methods used to generate each da-
taset are therefore presented separately below.

BronchStart Study Methods

BronchStart Data Collection, Inclusion and Exclusion Criteria, Data
Capture, and Outcomes

BronchStart was a multinational, multicentre prospective
observational study conducted at Paediatric Emergency
Research in the United Kingdom and Ireland (PERUKI) net-
work sites [18] supported by the RESCEU Consortium (www.
resc-eu.org). The BronchStart protocol was structured in keep-
ing with the principles of the STROBE statement [19] and has
been previously peer reviewed and published [20]. Further de-
tails can be found in the Supplementary Methods.

BronchStart Statistical Analyses
Data extraction and analysis was performed using RStudio and
R version 4.2.2 [21]. Descriptive tables were generated using

gtsummary [22]. Risk ratios and confidence intervals (Cls) for
risk of different outcomes for infants born preterm (at <37 weeks)
and/or with congenital heart disease were calculated. For each di-
chotomous outcome (level of care), the proportions of those in the
at-risk group compared to those with no documented comorbid-
ities were calculated using a log binomial regression model, which
allowed the calculation of a relative risk (rather than an odds ratio)
with confidence intervals [23]. A proportional odds model anal-
ysis was performed to calculate the odds ratio of admission in
the 0-11-month age group, adjusting for gestation and age. The
reference group were children born at term aged 12-23 months
at the time of admission. Full details of the statistical analysis
are available on the BronchStart GitLab page (https://git.ecdf.e-
d.ac.uk/twillia2/bronchstart-impact-of-rsv-analysis).

BronchStart Ethics, Funding, and Public and Patient Engagement
Full details for these can be found in the Supplementary
Methods.

National Hospital Admissions Methods

Creating Hospital Admissions Datasets and Ethics

We used national datasets of admissions in England and
Scotland for bronchiolitis, lower respiratory tract infection
(LRTI) and wheeze for the years preceding the COVID-19 pan-
demic to estimate an annual national inpatient treatment bur-
den. For England, we used Hospital Episode Statistics Admitted
Patient Care (HES APC) data to identify admissions, as de-
scribed previously [24]. For Scotland we used General Acute
Inpatient and Day Case-Scottish Morbidity Record (SMRO1)
data to identify admissions. Full details on the use of these data-
sets can be found in the Supplementary Methods.

Statistical Analysis Linking BronchStart Testing Results to Hospital
Admissions Dataset

We used BronchStart data to infer the RSV-specific hospital
treatment burden for years preceding the COVID-19 pandem-
ic. We first calculated the percentage of children testing positive
for RSV in all patients who were tested for the virus in the
BronchStart dataset, and applied these to the annual mean ad-
missions numbers for all admissions in those aged 0-11
months in England (from the HES dataset) and Scotland
(from the SMRO1 dataset), focusing on the 0-11-month age
group as this is the patient population most likely to benefit
from the currently available anti-RSV interventions. For full
details on statistical analyses see the Supplementary Methods.
Analysis scripts are available at GitLab (https:/git.ecdf.ed.ac.
uk/twillia2/bronchstart-impact-of-rsv-analysis).

RESULTS

Case Recruitment to the BronchStart Study
From 1 May 2021 to 30 April 2022, 17 935 emergency depart-
ment (ED) attendance episodes were recorded as part of the
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BronchStart study. We excluded 36 records with incomplete
data, leaving a final cohort of 17 899 episodes by 17 164 individ-
ual children from 59 sites. Of the 17 164 children included, 15
933 (89%) were recruited at sites in England, 1490 (8.3%) in
Scotland, and 476 (2.7%) in the Republic of Ireland
(Supplementary Figure 1). Males predominated (10 357 of 17
164; 60.3%), and of 15 579 children with socioeconomic status
available, 2588 (16.4%) were from the least deprived quintile,
and 4378 (27.8%) from the most deprived quintile.

Diagnoses Assigned by Country

The most common diagnosis assigned to attendance episodes
within the BronchStart cohort was bronchiolitis (14480 of
17 899; 80.9%), followed by first episode of viral-induced
wheeze (1898 of 17 899; 10.6%), and LRTI (1521 of 17 899;
8.5%). The proportion of bronchiolitis diagnoses assigned
was higher in Scotland (1309 of 1490; 87.9%) than England
(12791 of 15933; 80.3%) or Ireland (380 of 476; 79.8%), and
the diagnoses of first wheeze and LRTI correspondingly lower
(first wheeze, 7.1% in Scotland vs 10.9% in England and 10.3%
in Ireland; LRTIL, 5.0% vs 9.9% and 8.8%).

Highest Level of Care

The majority of attendance episodes (11 074 of 17 899; 61.9%)
were assessed in the ED (sometimes more than once) and dis-
charged home (Table 1). A total of 6825 (38.1%) attendance ep-
isodes from the cohort ultimately resulted in an admission to
hospital; 2 children died in the ED. Again, the most common
diagnosis assigned to those admitted was bronchiolitis (5300
of 6825; 77.7%). The most common admission location was a
hospital ward (5027 of 6825; 73.7%) or an observation unit
(1186 of 6825; 17.4%). Of the entire BronchStart cohort, 458
of 17 899 (2.6%) required high-dependency unit (HDU) level
care, and a further 154 (0.9%) were admitted to a pediatric in-
tensive care unit (PICU) (Table 1). Testing for RSV was per-
formed commonly for those admitted to a pediatric ward

(90.9% tested), to HDU (95.6% tested), or to PICU (96.1% test-
ed), but rarely in the ED (87% untested) or for those admitted
to observation units (47% untested). Overall, of the 6825 atten-
dance episodes that resulted in an admission, 5788 (84.8%)
were tested for RSV.

Of 11 575 initial attendances who were discharged from the ED
without admission (Supplementary Table 1 and Supplementary
Figure 2), 9928 were discharged and did not reattend at 7 days,
970 reattended but were discharged home again, and 677 reat-
tended and were admitted, meaning that after initial discharge
there was a 14.2% (1647 of 11 575) chance of reattendance after
initial discharge from an ED, and a 5.9% (677 of 11 575) chance
of admission following initial discharge from an ED.

Viral Testing

As described above, viral testing was most commonly per-
formed for those admitted to hospital. For the whole cohort,
RSV was the most common single pathogen identified
(Figure 1A). Bearing in mind that testing for other viral patho-
gens was less frequent than RSV specific testing, other viral
pathogens were also identified in children tested, most com-
monly rhinovirus (929 of 17 899; 5.2%; Figure 1B), where peaks
in infection were similar in timing to RSV; peaks in RSV infec-
tion were followed temporally by spikes in human metapneu-
movirus (257 of 17 899; 1.4%) and then SARS-CoV-2 (287 of
17 899; 1.6%) infection.

Respiratory Support and Pharmacological Therapy in the Admitted
BronchStart Cohort

For the admitted cohort, low-flow oxygen therapy was fre-
quently administered for those with a diagnosis of bronchiolitis
(2310 0 5301; 43.6%), first episode of wheeze (301 of 913; 33%),
or LRTI (273 of 612; 44.6%) (Table 2). High-flow oxygen was
administered most commonly for those with a diagnosis of
bronchiolitis (922 of 5301; 17.4%), followed by those with
LRTI (73 of 612; 11.9%), and less commonly for those with a

Table 1. Highest Level of Care Provided to Patients in the BronchStart Cohort, by Clinician Diagnosis and Virus Detected by Diagnostic Test
ED Observation Ward HDU PICU Total
(n=11074) (n=1186) (n=5027) (n=458) (n=154) (n=17899)
Diagnosis
Bronchiolitis 9180 (83) 847 (71) 3918 (78) 396 (86) 139 (90) 14480
First wheeze 985 (8.9) 219 (18) 661 (13) 31(6.8) 2(1.3) 1898
LRTI 909 (8.2) 120 (10) 448 (8.9) 31(6.8) 13 (8.4) 1521
Virus
RSV 431 (3.9) 189 (16) 1951 (39) 195 (43) 85 (5b) 2851
Other 284 (2.6) 135 (11) 728 (14) 90 (20) 41(27) 1278
Negative® 768 (6.9) 310 (26) 1889 (38) 163 (33) 22 (14) 3142
Untested 9591 (87) 552 (47) 459 (9.1) 20 (4.4) 6(3.9) 10628

Data are No. (%).

Abbreviations: ED, emergency department; HDU, high-dependency unit; LRTI, lower respiratory tract infection; PICU, pediatric intensive care unit; RSV, respiratory syncytial virus.

This captures patients who were tested specifically for RSV and were negative for the virus.
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Figure 1. A, Virology testing showed RSV was the main pathogen during the study period (1 May 2021 to 30 April 2022). B, Graphical representation of other viruses
identified in attendances in addition to RSV; area is proportional to number of positive tests. Abbreviations: HMPV, human metapneumovirus; PIV, parainfluenza virus;
RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

diagnosis of first episode of wheeze (47 of 913; 5.1%).
Antibiotics were administered to over two-thirds of those
with a diagnosis of LRTI (434 of 612; 70.9%) and to over a fifth
of those with a diagnosis of bronchiolitis (1201 of 5301; 22.7%).

Comorbidities in the BronchStart Cohort

Of the BronchStart cohort attendances, 3011 (16.8%) were clas-
sified as having 1 or more comorbidities, including preterm
birth. Of the cohort, 1970 (11%) were born preterm, 183
(1%) had chronic lung disease of prematurity, 264 (1.5%) had
congenital heart disease, and 22 (0.1%) had a neuromuscular
disorder. The proportion of comorbidities increased with level
of care received. Of those seen and discharged from an ED,
86.4% had no documented comorbidity; this fell to 50% of pa-
tients admitted to a PICU (Figure 2 and Table 3). Prematurity

was the most common comorbidity at all levels of care, includ-
ing those admitted to HDU (99 of 458, 19.4%) and PICU (55 of
154, 35.7%). The most common comorbidity documented
apart from prematurity or congenital heart disease in the
HDU/PICU cohort was Down syndrome (11 of 612 patients,
1.8%).

Burden of Respiratory Support for Children With Comorbidities

Those born preterm had a 5.12-fold higher risk of invasive me-
chanical ventilation than those without comorbidities, and
were more likely to be admitted, receive oxygen, receive high-
flow oxygen therapy, be admitted to HDU/PICU, or receive in-
vasive mechanical ventilation (Table 4). We also examined the
relationship between the degree of prematurity and the risk of
admission. We found that the highest risk of admission was for
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Table 2. Respiratory Support and Pharmacological Therapies
Administered to Admitted BronchStart Patients, by Clinician Diagnosis

Bronchiolitis First Wheeze LRTI

Treatment (n=5301) (n=913) (n=612)
NG fluids 1975 (37) 30 (3.3) 2 (10)
IV fluids 686 (13) 39 (4.3) 105 (17)
Oxygen, LF 2310 (43.6) 301 (33) 3 (44.6)
Oxygen, HF 922 (17.4) 47 (5.1) (11 9)
CPAP/BiPAP 219 (4.1) 1(0.1) 2 (2.
IMV 92 (1.7) 1(0.1) 6 (1.
Antibiotics 1201 (22.7) 157 (17.2) 434 (70 9)
MgSO, 27 (0.5) 37 (4.1) 9(1.5)
Prednisolone 77 (1.5) 155 (17) 4 (5.6)
Salbutamol inhaler 781 (15) 784 (86) 249 (41)
Salbutamol IV 14 (0.3) 8(0.9) 1(0.2)

Data are No. (%).

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway
pressure; HF, high flow; IMV, invasive mechanical ventilation; 1V, intravenous; LF, low
flow; LRTI, lower respiratory tract infection; NG, nasogastric.

those born at <28 weeks, who had an odds ratio of admission of
3.28 (95% CI, 2.48-4.36) compared to those born at term and
aged 12-23 months (Supplementary Table 2).

Participants with congenital heart disease were more likely to
receive higher levels of care than those with no comorbidities
(Supplementary Table 3), except for invasive mechanical venti-
lation, where although there was a high relative risk this did not
reach statistical significance.

Inferred National Treatment Burden

On average, there were 58 590 annual admissions for children
in England and Scotland aged 0-11 months with a diagnosis
of bronchiolitis, LRTI, or wheeze in the period 2016-2019
(Supplementary Table 4). Comparing demographic variables
for the BronchStart cohort to those for the HES and SMRO1 ad-
missions, age and socioeconomic were similar (Supplementary
Table 5), but the BronchStart cohort had a higher proportion of
infants in the 0-3-month age group (41.3% vs 32.3% in HES
and 33.4% in SMRO1). Of the admitted BronchStart cohort test-
ed for RSV, 2423 of 5792 (41.8%) were positive for RSV (1907
of 3912, 48.7% in those aged 0-11 months; 516 of 1880, 27.4%
of those aged 12-23 months). Assuming an RSV positivity of
48.7% for the 0-11-month cohort gives an estimate of 28 561
(95% CI, 27 637-29 486) RSV-positive admissions with these
diagnoses per year for this age group. Using these estimates,
we inferred that in an average year, RSV infections in
England and Scotland were associated with 12 167 infants re-
ceiving low-flow oxygen, 4998 high-flow oxygen, and 6198 a
course of antibiotics during their admission (Table 5).

DISCUSSION

The BronchStart study captured data on 17 899 attendance ep-
isodes for children aged 0-23 months of age attending EDs with

serious respiratory disease, gathering information on comor-
bidities, respiratory support, and pharmacological therapies
administered. The most common diagnosis assigned was bron-
chiolitis, and RSV was the most common pathogen identified;
however, only 48.7% of those admitted aged 0-11 months who
were tested were positive for RSV. Risk factors for admission
and escalation of therapy in the BronchStart cohort included
prematurity and congenital heart disease. However, in our co-
hort for all levels of care, excluding PICU, most attendance ep-
isodes did not have any documented comorbidities. For PICU
admissions, 50% of attendances were documented as having
comorbidities, of which preterm birth was the most common.
Using the BronchStart dataset to infer the impact of disease,
we confirmed that bronchiolitis and other respiratory diagnosis
in infants under 1 year of age constitute a significant burden on
secondary health care services.

With BronchStart we have demonstrated the utility of a rap-
idly rolled out research study to capture disrupted childhood
disease presentations. The same research model is applicable
to other conditions and other locations and could be rapidly
implemented to understand changes in RSV and other respira-
tory diseases, following the introduction of any anti-RSV
intervention.

Another strength of our study is the large number of cases
recruited prospectively—we believe that this is the largest pro-
spective study of serious respiratory infections in children in
the 0-23-month age group. We collected detailed information
on viral testing, treatments administered, and outcomes across
EDs and hospital wards, at a point just before the likely intro-
duction of RSV immunization, and following the disruption
caused by the COVID-19 pandemic. In addition, we used pro-
spectively collected data to provide estimates of the treatment
burden of RSV-specific respiratory disease in the 0-11-month
age group, at a national level in England and Scotland.

Recruitment to the study was limited to PERUKI study
centers, and therefore we could not guarantee that the cases
recruited were representative of England, Scotland, and
Ireland as a whole. Using annual incidence based on calendar
years rather than seasons is another limitation. Comparison of
BronchStart admissions to the HES and SMR-01 datasets for ad-
missions with the same diagnoses showed that BronchStart admit-
ted cases were more likely to be younger than admissions in
England and Scotland in a prepandemic period. Discrepancies
in the ages represented may be due to the fact that in the study
we captured patients who were admitted with serious respiratory
disease following ED presentation, and may therefore have missed
data on those presenting via other pathways, or due to sampling
biases within EDs.

Comparison of diagnoses from England, Scotland, and
Ireland shows some differences in the proportions of the pre-
senting conditions (bronchiolitis/first episode of wheeze/
LRTI). While Scotland showed a generally higher prevalence
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Figure 2. A Highest level of care for BronchStart attendances including proportion of children with comorbidities. B, Children with comorbidities in HDU and PICU ad-
missions. Data from Table 3, area of plots scaled to number of cases. Patients were ranked hierarchically so that each patient could only be assigned 1 category of comor-
bidity; congenital heart disease subsumed preterm birth or other comorbidities, and preterm birth other comorbidities. Abbreviations: CHD, congenital heart disease; ED,

emergency department; HDU, high-dependency unit; PICU, pediatric intensive care unit.

of bronchiolitis presentations this is possibly explained by dif-
ferent socioeconomic, health care structures, and clinician in-
terpretation of national guidance on diagnosis and
management. Variance in admission rates between countries
of the European Union has been previously reported, with
Scotland demonstrating a higher rate of admissions compared
with England, Spain, The Netherlands, and Finland [25].
Heterogeneity in testing approaches limits estimates of respi-
ratory disease caused by other pathogens in this cohort. Our
study does not include primary care prescription data, so our
estimate relates solely to the antibiotic burden for RSV infec-
tion in admitted children. Another limitation is that we did
not include children with suspected bacterial infection (sepsis,

empyema) that may have developed secondary to RSV infec-
tion [26, 27], and thus we may have underestimated the burden
of infection in this cohort. As the BronchStart study collected
patient data following the lifting of COVID-19 restrictions,
the percentage of cases positive for RSV, and the treatment bur-
den, may not be representative of a typical year once RSV sea-
sonality starts to resume normal prepandemic patterns.

We found that a lower proportion of admissions were posi-
tive for RSV than has been noted in previous studies [28, 29],
which, however, focused on infants and children with bron-
chiolitis rather than all serious respiratory viral infections.
However, despite this lower proportion, we estimate that in a
typical year a large number of infants with RSV infection in

6 « JID « Williams et al

€202 Jaquade( gz uo Jasn uopuoT abs|j09 Aysiealun Aq 1 L8G1//LGSPeIl/SIPIUIEE0 L 0 L/10p/a[o1e-80uUBAPE/pIf/W 0o dnoolWwapede//:sdiy woly papeojumoq



Table 3. Comorbidities and Highest Level of Care Received in the BronchStart Cohort

Highest Level of Care Preterm CLD CHD NMD Other None Total
ED 963 (8.7) 66 (0.6) 104 (0.9) 8(0.1) 571 (5.2) 9573 (86.4) 11074
Observation unit 119 (10) 12 (1) 19 (1.6) 0(0) 64 (5.4) 1002 (84.5) 1186
Ward 731 (14.5) 77 (1.5) 109 (2.2) 9(0.2) 434 (8.6) 3926 (78.1) 5027
HDU 99 (21.6) 20 (4.4) 23 (5) 31(0.7) 59 (12.9) 310 (67.7) 458
PICU 58 (37.7) 8(5.2) 9 (5.8) 2(1.3) 36 (23.4) 77 (50) 154

Data are No. (%). Patients could have more than 1 comorbidity and thus row totals do not add to 100%.

Abbreviations: CHD, congenital heart disease; CLD, chronic lung disease; ED, emergency department; HDU, high-dependency unit; NMD, neuromuscular disorder; PICU, pediatric intensive

care unit.

Table 4. Treatments Administered and Highest Level of Care for Those
Born Preterm Compared to Those With no Comorbidities in the
BronchStart Cohort

No Comorbidities Preterm

Outcome (n=14888) (n=1970) RRP (95% CI)°
Admitted 5316 (36) 1007 (51) 1.43 (1.36-1.5)

Oxygen, LF 2262 (15) 528 (27) 1.76 (1.62-1.91)
Oxygen, HF 754 (5.1) 221 (11) 2.22 (1.92-2.55)
CPAP/BiPAP 151 (1.0) 75(3.8) 3.75 (2.84-4.91)
IMV 59 (0.4) 40 (2.0) 5.12 (3.42-7.6)

Admit HDU 327 (2.2) 117 (5.9) 2.70 (2.19-3.31)
Admit PICU 77 (0.5) 58 (2.9) 5.69 (4.05-7.96)

Data are No. (%).

Abbreviations: BiPAP, bilevel positive airway pressure; Cl, confidence interval; CPAP,
continuous positive airway pressure; HDU, high-dependency unit; HF, high flow; IMV,
invasive mechanical ventilation; LF, low flow; PICU, pediatric intensive care unit; RR,
relative risk.

aPreterm group includes those who had associated comorbidities, aged 0-23 months.
PRelative risk and Cls calculated using log binomial regression models.

England and Scotland will receive feeding support, low-flow
oxygen, high-flow oxygen, and a course of antibiotics. As well
as the direct costs of treatment, these have significant implica-
tions in terms of environmental impact [30] and the costs of an-
timicrobial resistance [31]. The impact of the COVID-19
pandemic on RSV epidemiology produced an interesting coun-
try to country variance in both timing and frequency of RSV
infection rates. The Netherlands reported year-round transmis-
sion [32], whilst France reported clustering of transmission de-
layed from the anticipated peak season at a lower rate than
prepandemic years [33]. Our data, similar to that reported by
France, shows clustering of transmission delayed from the an-
ticipated peak season.

We found, as reported previously, that risk factors for admis-
sion and escalation of care in the BronchStart cohort included
prematurity, congenital heart disease, and other comorbidites
[34, 35]. Although part of this is likely to relate to national guid-
ance [36] to have lower admission thresholds for those with co-
morbidities, our dataset confirms the greater risk for those
infants of requiring additional support, including critical care
support. Our study is similar in scale to one recently published
with data from Denmark [37], which captured information on

1932 RSV-positive admissions in children aged 0-11 months in
the 2021-2022 season (compared to an estimated 2203
RSV-positive admissions in the BronchStart cohort for the
same age group). However, through the prospective collection
of data, we were able to collect more granular information on
treatments administered for our cohort.

Although we found a significant admission and treatment
burden for RSV, our estimates vary considerably from other re-
cently published data. Using national surveillance data,
Bardsley et al [38] estimate a mean of 49 674 winter (weeks
40-10) and 23 508 summer (weeks 11-39) admissions (mean
annual total = 73 182) for children under 1 year of age attribut-
able to RSV disease in England in the period 2015-2020, which
is over double what we estimate in our study (28 561 admis-
sions) for both England (population 56.5 million) and
Scotland (population 5.4 million) [39], and more than triple
what was estimated in a previous study [40], albeit from a
slightly earlier time period. The definitions we used to capture
RSV-associated disease are likely to be less sensitive than those
used by Bardsley et al, as they included infants admitted with a
primary diagnosis of bronchiolitis (International Classification
of Diseases-Tenth Revision [ICD10] code J21), pneumonia
(J12-18), unspecified LRTI (J22), bronchitis (J20), or upper
respiratory tract infection (J00-06), which may explain some
of the difference in the 2 estimates. Another possible difference
may relate to the fact that Bardsley et al used “RSV-associated
disease presentations” [41] rather than direct hospital-based
testing data, as used in our study, where results from both
point-of-care testing and reverse transcription polymerase
chain reaction (RT-PCR) were used to infer an RSV-specific
burden.

We found that following discharge from an ED after presen-
tation with symptoms of bronchiolitis, LRTT or wheeze, 14.2%
of 0-23 month olds represented to the same ED in the following
7 days, and 5.9% were admitted, which should help clinicians in
counselling parents in this situation.

Our data suggest that even highly effective immunization
against RSV is likely to result in a reduction, rather than elim-
ination, of seasonal admissions for respiratory viral infections
in infants. This is because in our study only a proportion of
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Table 5. Inferred Treatment Burden for England and Scotland for Bronchiolitis, Lower Respiratory Tract Infection, and First Episode of Wheeze in Infants

0-11 Months

Treatment BronchStart Treatments % Treated In BronchStart Cohort % Attributable to RSV Estimated RSV-Specific Treatments Annually (95% Cl)
NG fluids 1884 41.6 20.3 11881 (11497-12 266)

IV fluids 606 13.4 6.5 3827 (3703-3951)

Oxygen, LF 1925 42.6 20.8 12167 (11 773-12561)

Oxygen, HF 791 17.5 8.5 4998 (4836-5160)

CPAP/BiPAP 207 4.6 2.2 1314 (1271-1356)

Antibiotics 983 21.7 10.6 6198 (5997-6399)

Total 4524 100 48.7 28561 (27 637-29 486)

An annual admissions total was calculated for 2016-2019 using the Hospital Episode Statistics (England) and Scottish Morbidity Record 01 (Scotland) datasets.

Abbreviations: BiPAP, bilevel positive airway pressure; Cl, confidence interval; CPAP, continuous positive airway pressure; HF, high flow; IV, intravenous; LF, low flow; NG, nasogastric; RSV,

respiratory syncytial virus.

serious respiratory viral presentations in infants were associat-
ed with RSV infection. Our study supports previous findings
that comorbidities, including those born preterm and congen-
ital heart disease, increase the probability of being admitted, of
receiving treatment whilst an inpatient, and of escalation of
care to HDU or PICU [42]. However, an immunization ap-
proach that only targets high-risk infants is unlikely to impact
significantly on overall hospital burden, as we found that 77.9%
of admissions at all levels of care had no comorbidities.

CONCLUSION

Our study provides an up-to-date estimate of the impact of
acute respiratory disease due to viral infections in England
and Scotland in those 0-23 months of age during a period of
postpandemic return to RSV circulation, to guide immuniza-
tion decisions. Although RSV was the major pathogen in this
cohort, over 50% of admissions for serious respiratory disease
due to viral infection in those aged <1 year of age were not as-
sociated with the virus. Whilst prematurity and congenital
heart disease were risk factors for admission to hospital,
HDU and PICU, the majority of these admissions, for all levels
of care, were in previously healthy term-born infants.
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