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SUMMARY

Objectives: To provide updated, national estimates of the burden and secondary-care costs of respiratory syncytial
virus (RSV) hospitalisations among adults aged >40 years in England, using data from 2023/24, the last season
before the UK implemented its adult RSV vaccination programme, given that, while the burden of RSV is well
established in young children and older adults, it remains less well characterised in working-age adults.
Methods: We analysed adults admitted to hospital with an acute respiratory infection (ARI) using ag-
gregated Hospital Episode Statistics (HES) data for England, 2023/24. RSV, influenza, and COVID-19 hos-
pitalisations were identified using validated International Classification of Diseases, Tenth Revision (ICD-10)
codes. Incidence proportion was calculated per 100,000 population by age group. To adjust for potential
under-recognition of RSV among ARI admissions without an identified pathogen, proportional-redistribu-
tion methods were applied. Hospital costs were estimated using Healthcare Resource Group (HRG) emer-
gency tariffs weighted by clinical presentation.
Results: In 2023/24, 803,088 ARI admissions occurred among adults >40 years; 18% had a viral and 79% an
unspecified aetiology recorded. RSV accounted for 4836 admissions (16 per 100,000 population) based on
primary diagnosis. After proportional redistribution to account for under-recognition, this increased to an
estimated 23,407 admissions (75.9 per 100,000 population; £68.5 million), which we consider the base
estimate. In an expanded scenario including all recorded diagnoses, RSV admissions were estimated at
25,264 (82 per 100,000 population; £74 million), of which approximately £54 million may be attributable to
unrecognised cases. Around one-third of total estimated RSV-related costs occurred in adults aged 40-74
years. RSV incidence increased steeply with age, reaching its highest levels in adults aged >85 years.
Conclusions: RSV poses a substantial, under-recognised hospital burden in English adults and associated
healthcare costs. Increased testing and improved coding and surveillance, particularly for adults aged 40-74
years, are needed to accurately measure potential impact of vaccination and guide prevention policy.

© 2026 The Authors. Published by Elsevier Ltd on behalf of British Infection Association. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction adults.” In Europe, RSV activity peaks early during winter and con-
tributes substantially to seasonal healthcare pressures.” Among
Respiratory syncytial virus (RSV) is a leading cause of acute re- adults, RSV can sometimes cause disease as severe as or even more

spiratory infections (ARIs) worldwide, particularly affecting older severe than influenza, leading to prolonged hospitalisation and in-
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creased risk of pneumonia and other lower respiratory tract infec-
tions.”*

Before the COVID-19 pandemic, studies from England and other
high-income temperate countries, with pronounced winter re-
spiratory seasons, established RSV as a major contributor to adult

0163-4453/© 2026 The Authors. Published by Elsevier Ltd on behalf of British Infection Association. This is an open access article under the CC BY license (http://creative-

commons.org/licenses/by/4.0/).


http://www.sciencedirect.com/science/journal/01634453
www.elsevier.com/locate/jinf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jinf.2026.106792
https://doi.org/10.1016/j.jinf.2026.106792
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2026.106792&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2026.106792&domain=pdf
mailto:joan.madia@phc.ox.ac.uk

T. Truong, J.M. Radin, L. Li et al.

morbidity and mortality.>~® However, routine surveillance and
diagnostic testing for RSV in adults have remained limited, re-
sulting in under-recognition and incomplete estimates of burden.
Following recommendations from the UK Joint Committee on
Vaccination and Immunisation (JCVI), the first national RSV im-
munisation programme for adults aged 75-79 years (or those who
turned 80 after 1 September 2024) was introduced in September
2024.” The programme was subsequently extended from April
2026 to include adults aged 80 years and older and eligible care
home residents.® Yet uncertainty persists regarding the disease
burden in adults under 75 years, particularly those aged 40-74,
due to non-specific coding, limited testing, and a lack of recent UK
data.”’~'° Although a study using the Hospital-based ARI Sentinel
Surveillance (HARISS) data provided valuable post-pandemic data
in older adults and demonstrated that RSV is likely to be under-
recognised in secondary care, its findings were based on only seven
hospitals in England, limiting the generalisation of results.'!
Under-recognition of RSV has also been reported in multiple set-
tings, with international studies and reviews showing limited di-
agnostic testing among hospitalised adults.'”'® These patterns
occurred against a backdrop of pandemic-related shifts in re-
spiratory virus circulation, healthcare-seeking behaviour, and
testing practices, which further complicate interpretation of recent
RSV trends.'*!

Contemporary estimates on English RSV burden that are re-
presentative and correct for under-ascertainment, due to lack of
testing and coding, are necessary for informing RSV vaccination
strategies in younger adults and those at elevated risk. The ob-
jective of this study was to provide updated, national-level esti-
mates of the burden of RSV in secondary care among adults aged
>40 years in England, using data from the latest available season
(2023/24), and prior to adult RSV vaccination rollout. We aimed to
(1) quantify the incidence of RSV-associated ARI hospital admis-
sions and compare them with influenza and COVID-19; (2) eval-
uate differences between cases coded as a primary diagnosis and
those recorded as an additional diagnosis, and estimate the
number of unrecognised RSV cases among all ARI admissions to
account for diagnostic under-recognition; and (3) assess the sec-
ondary-care costs associated with both identified and unidentified
RSV cases.

Methods
Study design and data sources

We conducted a national, population-based ecological analysis of
hospital admissions for ARIs among adults aged >40 years in
England. Routinely collected administrative and costing data were
obtained from the National Health Service (NHS) Hospital Episode
Statistics (HES) Admitted Patient Care dataset'® and the National Cost
Collection (NCC)."” HES data are structured at the level of Finished
Consultant Episodes (FCEs), where each FCE represents a period of
care under a single NHS consultant; as the data are provided in
aggregated format, individual FCEs cannot be linked into continuous
inpatient spells. In the context of acute respiratory admissions,
formal consultant transfers generating multiple FCEs within a single
spell are uncommon, occurring principally in cases involving critical
care, which account for fewer than 5% of adult respiratory admis-
sions.'®! The aggregated data format also precludes individual-level
analysis by comorbidity, socioeconomic status, sex, ethnicity, or care
pathway. We collected HES data covering six financial years (2018/
19-2023/24; 1 April to 31 March each year), encompassing the pre-
pandemic, pandemic, and post-pandemic periods. We present de-
tailed results for the 2023/24 season. Full annual series for 2018/
19-2022/23 are provided in the Supplemental Material
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(Supplementary Tables 2-14) and any references to earlier seasons
in the Results draw on these supplementary data.

England provided an optimal setting for this study, as nearly all
acute hospital care is delivered within the NHS, ensuring compre-
hensive national coverage. Standardised diagnostic coding is linked
to Healthcare Resource Groups (HRGs), which informed activity-
based commissioning and costing within the NCC. This integrated
system enables robust linkage of clinical diagnoses, resource use,
and costs, thereby capturing virtually all hospitalised ARI cases.

The primary focus of this analysis is RSV; however, influenza was
reported as main epidemiological comparator. RSV and influenza
share similar transmission patterns and overlapping clinical pre-
sentations but differ in testing intensity, surveillance coverage, and
seasonality. Comparing RSV with influenza allowed RSV burden to
be contextualised within the broader landscape of respiratory in-
fections.

Case definition and classification

ARI admissions were identified using 92 validated International
Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) codes [20;21] and classified into seven pathogen
subgroups: RSV, influenza, COVID-19, other viral, bacterial, other
organisms, and unspecified (full code lists in the Supplementary
Table 1, Supplemental Material). In HES, up to 20 diagnosis codes can
be recorded per hospital episode. The primary (main) diagnosis re-
presents the principal reason for hospitalisation as assessed at the
point of discharge, based on the complete episode of care, and is
used for NHS cost attribution. Analyses therefore focused initially on
primary diagnoses. The ICD-10 codes used have been validated in
prior studies for identifying laboratory-confirmed influenza and RSV
hospitalisations®® and COVID-19 among critically ill patients.”’ The
RSV and influenza code list demonstrates high specificity inter-
nationally across 23 high-income countries,>”> and a multi-country
study using England HES data found that RSV ICD-10-coded ad-
missions underestimated laboratory-confirmed cases by an average
of 1.9-fold, consistent with high specificity but limited sensitivity in
routine administrative data.”> Where testing is performed, these
diagnostic codes in NHS practice typically reflect laboratory con-
firmation, as microbiological results are integrated into electronic
patient records and inform discharge coding. However, coding ac-
curacy depends on both testing being performed and results being
available before discharge coding is finalised. When no causative
organism was documented because testing was not performed, re-
sults were negative, or results were unavailable at the time of
coding, national clinical coding standards required assignment of
site-based, non-specific ARI ICD-10 codes.”* Admission episodes
were stratified by 5-year age groups, as provided in the HES dataset.

To assess potential under-recognition of RSV, we also examined
all diagnoses (primary plus up to 19 secondary codes) to capture
cases where RSV may have been recorded but not as the primary
reason for admission. Because HES aggregate data do not include the
position of secondary codes, it was not possible to determine their
relative clinical relevance. Results based on primary diagnoses are
presented as conservative (base) estimates, whereas those including
all diagnoses represent expanded estimates of RSV incidence and
cost that is identifiable from the data based on limited RSV testing
practices. However, these expanded estimates still likely under-
estimate true RSV burden, as they cannot capture RSV cases that
were never tested or had false-negative test results.

RSV testing practices in England
RSV testing in England is not routine or standardised, particularly

in adults, leading to under-ascertainment in hospital administrative
datasets.*”>!" In secondary care, testing is typically performed via
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multiplex PCR panels (RSV, influenza, SARS-CoV-2) with protocols
set locally.”®?” Some hospitals routinely test high-risk groups (e.g.,
immunocompromised or haematology/oncology/transplant admis-
sions), while extended panels are limited to specific clinical indica-
tions.

United Kingdom Health Security Agency (UKHSA) surveillance
relies on a limited number of sentinel sites, and although diagnostic
laboratories have been required since April 2025 to report RSV re-
sults, this only covers tests performed and does not ensure universal
testing.”* ' In primary care, RSV testing is generally limited to
sentinel surveillance networks, with only occasional use of point-of-
care or external laboratory testing. Consequently, ICD-10 codes and
routine electronic health records (EHR) only capture a fraction of
RSV cases, and our proportional-redistribution approach provides
conservative, lower-bound estimates that reflect expected under-
ascertainment.”*"!

Calculation of cases, incidence and pathogen attribution

We first calculated the number of ARI admissions and their cu-
mulative incidence per 100,000 population during the 2023/24 fi-
nancial year by pathogen category, using age-specific mid-year
English population estimates from the Office for National Statistics
(ONS) as denominators.’” Percentages attributable to each pathogen
were derived to describe the proportion of all ARI admissions ex-
plained by RSV, influenza, COVID-19, and other causes. To assess the
impact of including secondary diagnoses, we also compared pri-
mary-diagnosis and all-diagnoses counts and reported these differ-
ences as fold-increases by age group.

Proportional-redistribution approach to estimate unrecognised RSV

To account for under-testing and coding of RSV among ARI ad-
missions, we applied a proportional-redistribution approach, based
on the methods used in prior burden-of-disease and cause-of-death
analyses for reallocating unspecified events.”*** In this approach,
the total number of identified cases was defined:

Total identified cases = Total cases — Unspecified cases (1)
including the Total cases with a confirmed pathogen (bacterial, viral,

or other). We then calculated the proportion of RSV among the Total
identified cases:

RSV cases
All identified cases (2)

This proportion was applied to the unspecified cases to estimate
unrecognised RSV:

RSV proportion =

Estimatedunrecognised RSV = Unspecifiedcases x RSV proportion
(3)
The total estimated RSV equals the sum of observed and esti-
mated unrecognised RSV cases:

Total estimated RSV
= Observed RSV + Estimated Unrecognised RSV (4)

The observed proportion of RSV (2) among all ARIs with a spe-
cified pathogen for each age group was applied to the subset of
admissions without an identified pathogen, assuming similar ae-
tiologic distribution among the identified and unspecified cases. This
yielded adjusted estimates combining identified and estimated un-
recognised RSV cases for both primary-diagnosis (base) and all-di-
agnoses (expanded) datasets. The redistribution approach assumes
that the pathogen distribution of unspecified ARIs mirrors that of
identified cases, which may not hold uniformly across pathogens or
age groups. As RSV is typically tested less frequently than influenza
and SARS-CoV-2 in routine NHS practice, RSV is likely
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underrepresented among identified cases relative to its true pre-
valence in the unspecified ARI pool, suggesting that the redistribu-
tion method would more likely underestimate than overestimate
true RSV burden. This interpretation is consistent with evidence that
ICD-coded RSV admissions underestimate laboratory-confirmed
cases by an average of 1.9-fold across European countries including
England,” and with enhanced surveillance data from seven English
hospitals in 2023/24 showing that routine coding captured only a
fraction of laboratory-confirmed RSV cases in adults.'! Redistributed
estimates should therefore be interpreted as conservative lower
bounds of the true RSV burden.

The need to adjust for unrecognised RSV burden is increasingly
recognised, as studies show that routine hospital data identify only
part of the true RSV activity and require additional methods to es-
timate missed cases.”>>° Similar under-ascertainment has been de-
monstrated in other national settings, including a recent French
analysis that used laboratory testing to quantify unrecognised RSV
hospitalisations.”” Although under-ascertainment may also affect
COVID-19 and influenza hospitalisations, particularly outside peak
testing periods, RSV testing in adults has historically been less rou-
tine and less systematically implemented. Therefore, comparisons
between redistributed RSV estimates and observed counts for other
pathogens should be interpreted with this context in mind.

Estimation of secondary-care costs

For cost estimation, RSV and influenza admissions were linked to
HRG emergency tariffs from the NCC'7*® with 2023/24 costs in
British Pounds Sterling. Costs were calculated for both observed
admissions and redistributed (estimated) case totals under the pri-
mary-diagnosis and all-diagnoses scenarios. As most hospitalisa-
tions for RSV and influenza in adults are acute in nature (i.e.,
unscheduled/emergency), we focused on the average emergency
admission cost. This approach aligns with our data for the whole
population, which show that over 90% of RSV- and influenza-related
hospitalisations were emergency admissions,'” and with UK studies
on RSV, which have also restricted their analyses to emergency
admissions. The HRG-based tariff was £2963 per admission for
pneumonia, £2769 for bronchitis, £2233 for bronchiolitis, and £2769
for other acute respiratory infections. Costs were weighted by the
proportion of clinical manifestations in each age group to reflect
differences in resource use (see Supplementary Table 16 for the full
list of weights and weighted costs). HRG tariffs vary according to the
level of complications and comorbidities (CC score). As the HES ag-
gregated data do not include patient-level CC information, we ap-
plied the average HRG cost across all CC levels for each clinical
manifestation. This approach aligns with NHS costing guidance and
provides a representative mean cost per admission at the population
level,!”'®

The resulting weighted average cost per admission was multi-
plied by the observed and redistributed case totals to estimate total
and age-specific secondary-care expenditure for both identified and
unrecognised RSV cases. Costs were calculated separately for the
primary-diagnosis and all-diagnoses datasets to provide a range of
plausible estimates for RSV prevalence and economic burden. Given
that RSV admissions in older adults may disproportionately involve
higher CC scores due to the concentration of multimorbidity in this
population, we conducted a sensitivity analysis examining the im-
pact of alternative CC-score distributions on total cost estimates,
derived empirically from NHS National Cost Collection data. Two
scenarios were applied: Scenario 1 (older-adult CC mix) reflects the
expected shift toward higher CC sub-codes in adults aged 75 years
and over, and Scenario 2 (high-severity CC mix) represents con-
centration at the highest complexity levels in adults aged 85 years
and over. Results are presented in the Supplementary Appendix
(Supplementary Tables 17 and 18).
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Fig. 1. Observed RSV and influenza hospitalisations based on primary versus all recorded diagnoses among adults aged >40 years, England, 2023/24. Blue lines represent cases
identified from primary diagnoses only, red lines represent cases when secondary diagnoses were also included, and green triangles indicate fold increases (all vs primary). The y-
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and Supplementary Table 15. Cases refer to Finished Consultant Episode (FCE)-level counts from HES Admitted Patient Care data. Estimated cases include proportionally re-

distributed unspecified ARI admissions.

100,000 in adults aged 80-84 years and 81.6 per 100,000 in those
85-89 years, confirming that RSV circulation and associated hospital
burden have rebounded following the pandemic period. Although
RSV incidence was the lowest of the three major viral pathogens, it
remained detectable across all age groups, with measurable num-
bers of hospitalisations even in adults below the current vaccination
threshold of 75 years. In 2023/24, RSV incidence among 5-year age
bands, ranged from 8.1 to 18.3 per 100,000 among adults aged 60-74
years (approximately 1150 hospitalisations) and was still evident in
those aged 40-64 years (approximately 800 hospitalisations; 2.0 to
8.1 per 100,000).

Primary diagnosis versus all diagnoses

When all recorded diagnoses were considered, substantially (30
to 70%) more RSV and influenza hospitalisations were identified
compared with analyses limited to the primary diagnosis (Fig. 1).
Among adults aged > 40 years in 2023/24, inclusion of all diagnoses
increased RSV counts from 4836 to 6778 cases, corresponding to a
1.4-fold increase overall. The relative increase varied by age, ranging
from 1.3-fold in those > 80 years to 1.6-1.7-fold in adults aged 40-69
years, where RSV was less often coded as the primary diagnosis.
Absolute numbers remained highest in adults aged >75 years, ex-
ceeding 1000 RSV admissions in these age groups. For influenza, a
similar pattern was observed, with admissions increasing across all
ages from 37,265 to 60,932 cases (a 1.6-fold rise) when all diagnoses
were considered.

Observed versus estimated incidence

Applying the proportional-redistribution method to account for
unspecified ARIs markedly increased (~4 times higher) the

estimated number of hospitalisations and incidence attributed to
each virus of interest, across all age groups (Table 2). For RSV, ad-
missions rose from 4836 to 23,407 in the primary-diagnosis (base)
scenario (4.84-fold increase) and from 6778 to 25,264 in the all-di-
agnoses (expanded) scenario (3.73-fold increase). Corresponding
incidences increased from 16.0 to 75.9 per 100,000 (base) and 22.0
to 82.0 per 100,000 (expanded). Estimated RSV incidence ranged
from 11.9 per 100,000 in adults aged 40-44 years to 752.0 per
100,000 in those aged > 90 years, showing a steep age gradient.

Influenza followed similar age-related trends but remained three
to four times more frequent overall, with estimated admissions
rising from 37,265 to 140,574 in the base scenario (3.77-fold in-
crease) and from 60,932 to 164,403 in the expanded scenario (2.70-
fold increase).

Economic impact

In 2023/24, the average emergency-admission cost was esti-
mated at £2931 per RSV case and £2849 per influenza case, based on
HRG tariffs weighted by clinical conditions within each age group
(Table 3). Average costs showed little variation across age groups,
remaining within * 3% of these values.

Observed RSV admissions (primary diagnoses only) accounted
for £14.2 million in hospital expenditure, increasing to £19.8 million
when all diagnoses were included. After applying the redistribution
method to account for under-recognition, total RSV-related sec-
ondary-care costs rose to £73.9 million, of which £54.1 million re-
flected costs associated with unrecognised RSV cases. RSV
expenditure followed a steep age gradient, with the highest totals in
adults aged > 75 years (around £12 million among those > 90 years),
but non-trivial costs were also observed in younger age bands.
Adults aged 40-74 years together contributed £15-20 million in
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Table 2
Age-specific RSV and Influenza cases and incidences among adults aged 40+ in secondary care, 2023-24. Cases are shown for both primary diagnosis and all diagnoses, with
observed and estimated values using the redistribution method. Population size, incidence per 100,000, and totals for adults aged 40+ are included.

Age group Population Size RSV Primary Diagnosis RSV, All Diagnosis
Primary, RSV observed Primary, RSV estimated All, RSV observed All, RSV estimated
Cases Incidence /100k Cases Incidence /100k Cases Incidence /100k Cases Incidence /100k
40-44 3,971,625 81 2.0 387 9.7 141 3.6 474 119
45-49 3,606,800 60 1.7 274 7.6 99 2.7 355 9.8
50-54 4,018,382 169 42 748 18.6 240 6.0 863 21.5
55-59 4,087,573 190 4.6 872 213 272 6.7 996 24.4
60-64 3,681,890 300 8.1 1432 389 426 11.6 1619 44.0
65-69 3,065,200 342 11.2 1627 53.1 577 18.8 2137 69.7
70-74 2,758,878 506 183 2396 86.9 693 251 2581 93.6
75-79 2,538,513 799 31.5 3733 147.0 1084 42.7 3968 156.3
80-84 1,570,063 813 51.8 3823 243.5 1120 713 4101 261.2
85-89 980,911 800 81.6 3946 402.4 1077 109.8 4021 410.0
90+ 551,758 776 140.6 4169 756.0 1049 190.2 4149 752.0
Tot. 40+ 30,831,593 4836 16.0 23,407 75.9 6778 22.0 25,264 82.0
Age group  Population Size Influenza, Primary Diagnosis Influenza, All Diagnosis
Primary, Influenza observed Primary, Influenza estimated All, Influenza observed All, Influenza estimated
Cases Incidence /100k Cases Incidence 100k Cases Incidence /100k Cases Incidence /100k
40-44 3,971,625 1628 41.0 6153 154.9 2657 66.9 6282 158.2
45-49 3,606,800 1664 46.1 5946 164.9 2649 73.4 6849 189.9
50-54 4,018,382 2300 572 7875 196.0 3652 90.9 9486 236.1
55-59 4,087,573 2936 71.8 10,532 257.7 4734 115.8 12,598 308.2
60-64 3,681,890 3157 85.7 11,908 3234 5088 138.2 14,247 386.9
65-69 3,065,200 3230 105.4 12,133 395.8 5386 175.7 14,560 4754
70-74 2,758,878 3825 138.6 14,286 517.8 6427 233.0 17,508 634.6
75-79 2,538,513 5400 212.7 19,828 781.0 8788 346.2 23,379 921.0
80-84 1,570,063 5212 332.0 19,298 12291 8566 545.4 22,797 1452.0
85-89 980,911 4516 460.4 17,761 1810.8 7586 773.4 20,740 21141
90+ 551,758 3397 615.8 14,854 2692.7 5399 978.8 15,957 28913
Tot. 40+ 30,831,593 37,265 1209 140,574 455.8 60,932 197.7 164,403 5333

Note: Cases refer to Finished Consultant Episode (FCE)-level counts from HES Admitted Patient Care data. Estimated cases include proportionally redistributed unspecified ARI
admissions.

Table 3

Hospital admission costs of RSV and influenza cases among adults aged >40 years, England, 2023/24. Results are shown separately for RSV and influenza, each stratified by primary
and all recorded diagnoses. Costs are reported for observed admissions and for estimates after redistribution to account for under-recognition, with data presented by age group.
Average costs per admission were derived from HRG-based tariffs weighted by clinical presentation.

Primary Diagnosis All Diagnosis

Cost Observed Total costs Estimated Total costs Cost Observed Total costs Estimated Total costs

per case cases cases per case cases cases
RSV
40-44 £2889.8 81 £234,071 387 £1118,341 £2897.5 141 £408,543 474 £1373,401
45-49 £2940.4 60 £176,422 274 £805,661 £2941.9 99 £291,249 355 £1044,378
50-54 £2885.0 169 £487,570 748 £2158,010 £2892.9 240 £694,294 863 £2496,564
55-59 £2916.2 190 £554,072 872 £2542,900 £2907.2 272 £790,764 996 £2895,591
60-64 £2915.2 300 £874,560 1432 £4174,566 £2909.9 426 £1239,626 1619 £4711,160
65-69 £2942.7 342 £1006,415 1627 £4787,740 £2934.8 577 £1693,362 2137 £6271,603
70-74 £2926.7 506 £1480,896 2396 £7012,325 £2917.6 693 £2021,897 2581 £7530,326
75-79 £2923.7 799 £2336,972 3733 £10,914,097  £2922.3 1084 £3167,784 3968 £11,595,726
80-84 £2926.4 813 £2378,157 3823 £11,187,589 £2923.0 1120 £3273,805 4101 £11,987,387
85-89 £2931.2 800 £2344,960 3946 £11,566,515 £2930.7 1077 £3156,321 4021 £11,784,184
90+ £2942.0 776 £2283,018 4169 £12,265,240  £2937.9 1049 £3081,826 4149 £12,189,223
Tot. 40+ - 4936 £14,156,109 23,407 £68,532,986 — 6778 £19,819,470 25,264 £73,879,543
Influenza
40-44 £2833.1 1628 £4612,303 6153 £17,432,126 £2822.7 2657 £7500,020 6282 £17,732,453
45-49 £2837.9 1664 £4722,266 5946 £16,874,153 £2831.5 2649 £7500,749 6849 £19,393,217
50-54 £2846.3 2300 £6546,398 7875 £22,414,298  £2838.3 3652 £10,365,545 9486 £26,924,304
55-59 £2851.3 2936 £8371,299 10,532 £30,029,470  £2840.1 4734 £13,444,844 12,598 £35,779,076
60-64 £2845.2 3157 £8982,296 11,908 £33,880,642  £2834.8 5088 £14,423,513 14,247 £40,387,538
65-69 £2847.7 3230 £9198,200 12,133 £34,551,629  £2839.9 5386 £15,295,648 14,560 £41,348,798
70-74 £2854.6 3825 £10,918,883 14,286 £40,780,958  £2842.3 6427 £18,267,398 17,508 £49,762,813
75-79 £2851.9 5,400 £15400,368 19,828 £56,547,870  £2840.7 8788 £24,964,072 23,379 £66,412,725
80-84 £2853.3 5212 £14,871,452 19,298 £55,063,176  £2842.2 8566 £24,346,285 22,797 £64,793,633
85-89 £2857.4 4516 £12,903,883 17,761 £50,749,749  £2843.8 7586 £21,573,294 20,740 £58,981,034
90+ £2858.7 3397 £9711,072 14,854 £42,463,427  £2849.4 5399 £15,383,641 15,957 £45,467,078
Tot. 40+ - 37,265 £106,238,420 140,574 £400,787,498 — 60,932 £173,065,009 164,403 £466,982,670

Note: Cases refer to Finished Consultant Episode (FCE)-level counts from HES Admitted Patient Care data. Estimated cases include proportionally redistributed unspecified ARI
admissions.
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estimated hidden costs, reflecting under-recognition in populations
below the current vaccination age threshold. In this context, adults
aged 75-79 years, the initial target group for the UK RSV im-
munisation programme launched in September 2024,” incurred
substantial RSV-related costs in the estimated scenario, ranging from
£10.9 million (primary diagnosis) to £11.6 million (all diagnoses).
Adults aged 70-74 years also contributed a notable burden, with
estimated RSV-related costs of approximately £7.0 million in the
primary-diagnosis scenario and £7.5 million in the all-diagnoses
scenario, indicating meaningful resource use in age groups just
below the updated eligibility threshold. The RSV programme was
extended from April 2026 to include adults aged 80 years and older
and eligible care home residents,® who accounted for approximately
£35.0 million (primary-diagnosis estimated) to £36.0 million (all-
diagnoses estimated) in RSV-related hospital costs in 2023/24.

Influenza showed a similar age gradient but higher overall ex-
penditure (£106-173 million observed and £401-467 million esti-
mated after redistribution). Redistribution increased influenza
estimates by three- to four-fold, compared with a four- to five-fold
increase for RSV.

Sensitivity analysis for RSV cost estimates applying an older-
adult CC mix (Scenario 1, reflecting higher comorbidity burden in
adults aged 75 years and over) and a high-severity CC mix (Scenario
2, reflecting concentration at the highest complexity levels in adults
aged 85 years and over) yielded total costs of £80.8 million to £87.2
million (+19%) and £92.5 million to £99.7 million (+35%) respectively,
compared with the base-case range of £68.5 million to £73.9 million
(Supplementary Tables 17 and 18).

Discussion

This national analysis provides updated evidence on the burden
of RSV in adults aged > 40 years in England, quantifying both directly
coded and unrecognised hospitalisations as well as associated sec-
ondary-care costs. Using the latest year of HES data, 2023/24, RSV-
associated ARI admissions were found to be substantially under-
identified in routine hospital records, reflecting both coding limita-
tions and a high proportion of unspecified ARIs without an identified
pathogen, due to lack of testing and variations in test sensitivity by
age, time of testing since symptom onset, type of swab taken, and
type of test used (antigen vs. PCR). The share of unspecified cases
increased with age, ranging from approximately 79% in those aged
70-89 years to exceeding 81% among adults aged >90 years likely
due to limited diagnostic testing in older patients, where manage-
ment often proceeds without microbiological confirmation’®*' and
reduced diagnostic test accuracy in adults.'**? Redistribution of
unspecified ARIs suggested that the true number of RSV-related
hospitalisations may be around five times higher than coded data
indicate, corresponding in the adjusted all-diagnoses scenario to
approximately 25,000 admissions and approximately £74 million in
secondary-care costs in 2023/24. Adults aged 40-74 years accounted
for an estimated £22.6 million in the primary-diagnosis scenario and
£26.3 million in the all-diagnoses scenario, indicating a substantial
burden below the current vaccination threshold. Adults aged 75
years and older accounted for the remaining £45.9 million and £47.6
million in the respective scenarios, consistent with the concentra-
tion of RSV-related hospitalisations in older age groups.

These findings are consistent with recent national data from
France (2017-2022), where a virology-linked analysis of hospital
discharge records reported a similar four- to five-fold under-re-
porting of RSV hospitalisations among adults aged > 65 years.”’
Despite methodological differences, our proportional-redistribution
approach versus laboratory-based correction in France, the magni-
tude of under-recognition and adjusted incidence rates were com-
parable. In adults aged >75 years, the estimated incidence in England
(57-288 per 100,000 under the most conservative and upper-range
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scenarios) overlapped with corrected French estimates (85-221 per
100,000 for the same age group). Both analyses identified marked
under-ascertainment in administrative data and concentration of
RSV-related costs among older adults. The recent HARISS study,
which used enhanced surveillance across seven English hospitals in
2023/24, reached similar conclusions: routine diagnostic coding
captured only a fraction of laboratory-confirmed RSV cases in
adults.”” Collectively, these findings indicate that apparent cross-
country differences largely reflect variation in testing and coding
practices rather than true epidemiological divergence.

The COVID-19 pandemic has further complicated the under-
standing of RSV disease burden in adults, disrupting respiratory
virus circulation, altering healthcare-seeking behaviours, and in-
creases in respiratory testing practices.'” These changes introduced
major uncertainty into burden estimates and exposed weaknesses in
existing surveillance systems. In parallel, influenza vaccine for-
mulations and coverage among high-risk adults have improved, and
COVID-19 vaccination has been widely adopted to protect older and
vulnerable populations.'® Together, these developments underscore
the importance of better characterising RSV burden in adults of
different ages and risk profiles, particularly younger and high-risk
groups, to inform future prevention policy discussions.

Our results also align with earlier modelling and surveillance
work in the United Kingdom and other high-income settings, which
found that routine coding captures only a minority of adult RSV
admissions.> ®!"1?%7 Pre-pandemic estimates suggested approxi-
mately 18,000-20,000 annual RSV hospitalisations among English
adults > 65 years*; our results imply a higher contemporary burden
(we estimated around 23,407 - 25,264 based on primary and addi-
tional diagnosis), consistent with the post-pandemic rebound in RSV
activity. The estimated total secondary-care cost of RSV hospitali-
sations in England (approximately £20-74 million for those aged 240
years and £13-48 million for adults aged >75 years in 2023/24) was
comparable to adjusted national estimates from France (€27-76
million among adults aged > 75 years>’), underscoring the con-
sistency of RSV’s economic burden across European health systems
and with other recent analyses.®® Beyond hospital costs, a RAND
Europe analysis*® estimated the total annual economic burden of
adult RSV at about £320 million in 2019/20, including £140 million in
direct NHS expenditure, covering primary, community, and sec-
ondary care, and £179 million in indirect societal costs from pro-
ductivity losses among adults aged >18 years. These broader national
figures are also consistent with our finding that hospital admissions
alone account for a substantial share of the overall burden.

From a public health perspective, these findings highlight per-
sistent under-recognition of RSV in adults and the need to
strengthen diagnostic and coding practices, especially in older po-
pulations. Wider implementation of multiplex molecular testing
during winter seasons could improve case detection and surveillance
accuracy. The presence of a substantial number of RSV admissions
among adults aged 40-74 years underscores an unrecognised con-
tribution to hospital burden outside the oldest age groups. As the
United Kingdom introduces vaccination for adults aged > 75 years,
extending surveillance to younger and high-risk populations will be
essential to guide policy decisions and evaluate programme impact.

This study’s strengths include comprehensive national coverage
of hospital admissions in England for 2023/24 (and previous pre-
and during the pandemic years), providing estimates of the burden
of RSV, as well as COVID-19 and influenza as comparator, up until
two years post-pandemic. We also used validated codelists to define
pathogens and redistribution methods to quantify under-ascer-
tainment.

Three limitations should be acknowledged. First, the aggregated
nature of the data precluded linkage of individual hospital episodes
and assessment of patient-level outcomes. Second, Second, data are
available as aggregated FCE-level counts, precluding deduplication
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of multiple episodes within the same admission spell and in-
dividual-level adjustment for comorbidities, socioeconomic status,
care pathway, or readmissions. FCE-level counts may modestly
overestimate unique hospitalisations; however, multiple FCEs within
a single respiratory spell arise principally in cases involving critical
care, which account for fewer than 5% of adult respiratory admis-
sions,'® and cardiac complications requiring specialist input are si-
milarly infrequent in uncomplicated viral respiratory presentations.
The cases most likely to generate multiple FCEs are also associated
with higher unit costs, but given their small proportion, any re-
sulting overestimation in total expenditure is expected to remain
modest. Furthermore, our age-specific incidence estimates are con-
sistent with those reported in comparable national and European
studies, including pre-pandemic UK estimates, enhanced surveil-
lance data from seven English hospitals in 2023/24,"" and a multi-
country European study including England HES data,”® providing
reassurance that FCE-based counts yield epidemiologically coherent
estimates. Cost estimates were based on average HRG tariffs and
mean lengths of stay, and it was not possible to distinguish in-
tensive-care costs or decompose admissions by CC score at the pa-
tient level, which may underestimate true resource variability.
However, sensitivity analysis using NHS National Cost Collection
data across alternative CC-score distributions confirmed that base-
case estimates are robust and conservative, with total RSV-related
costs remaining substantial across all scenarios. Third, the redis-
tribution approach assumes that pathogen distribution among un-
specified ARIs mirrors that of identified cases, which may not hold
uniformly across viral pathogens, age or risk groups. Additionally, if
test sensitivity differs across viruses, for example if RSV detection in
upper respiratory specimens is less sensitive than influenza,'? par-
ticularly in adults presenting later in disease,** redistribution could
amplify misclassification. The unspecified ARI category therefore
includes a mixture of untested cases and cases that were tested for
RSV but had negative results, as negative virological findings cannot
be encoded as pathogen-specific diagnoses.”* Our estimates are
conservative and more likely to underestimate rather than over-
estimate true RSV burden in secondary care. RSV testing in adults in
England is not routine or standardised, varies across local NHS pa-
thology services, and has historically been optimised for paediatric
populations rather than older adults.*'"?>#* Real-world studies
show that RSV testing among hospitalised adults is substantially less
frequent than testing for influenza or SARS-CoV-2, particularly out-
side classic influenza-like illness presentations, leading to sys-
tematic under-ascertainment in routine data.'"'® The persistence of
a large unspecified ARI category (79% of ARIs), despite expanded but
incomplete adoption of multiplex PCR testing during the COVID-19
pandemic, further supports incomplete routine RSV detection.'”*°

Finally, independent analyses using virology-linked hospital data
and enhanced surveillance in France and the UK (HARISS) yield re-
sults consistent with our adjusted estimates, despite differing
methodologies and study populations.'"*” Taken together, these
findings provide further context for our redistributed estimates as
conservative lower bounds of the true RSV-associated hospital
burden in adults. Our empirically derived hospitalisation and sec-
ondary-care cost estimates also provide context for recent UK eva-
luations of adult RSV vaccination. A UK cost-effectiveness analysis
incorporating adjustments for under-ascertainment projected that
vaccination of older adults would be cost-effective under standard
NHS thresholds.*® In addition, early real-world evidence from Eng-
land has demonstrated substantial effectiveness of RSV vaccination
in reducing hospital admissions among eligible older adults fol-
lowing programme implementation.”” While our analysis predates
widespread adult vaccination and does not model vaccine impact
directly, the magnitude and age distribution of hospital burden ob-
served here are broadly compatible with assumptions underlying
these economic and effectiveness evaluations.
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Conclusion

COVID-19 and influenza remain the main causes of viral ARI
admissions, but RSV consistently follows them as a significant con-
tributor to hospital burden, particularly in older adults. RSV activity
has rebounded to pre-pandemic levels and now imposes a sub-
stantial and systematically underestimated burden of hospitalisation
and healthcare cost among adults in England, part of which will
remain unaddressed without vaccination coverage to widespread
age groups. Although total RSV-related expenditure remains lower
than that associated with influenza, it follows a similarly steep age
gradient and translates into a substantial economic burden in older
adults. Notably, a meaningful share of RSV-related costs arises in
adults below the current vaccination threshold, highlighting the
relevance of these findings for future age-based prevention strate-
gies. The convergence of our results with both French and UK en-
hanced-surveillance data confirms a possible under-reporting of RSV
among adults is present across Europe. Improved diagnostic testing,
coding accuracy, and continued surveillance will be essential for
accurately measuring vaccine impact. As national RSV immunisation
programmes for adults aged 75 and older are implemented, the
estimates of RSV burden presented here can inform health tech-
nology assessments and policy discussions on which additional age
and risk groups might be prioritised for RSV prevention, alongside
evidence on vaccine efficacy, safety and cost effectiveness, and in
line with regulatory indications.
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