S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Articles

CrossMark

Lancet Infect Dis 2023;
23:56-66

Published Online
September 2, 2022
https://doi.org/10.1016/
$1473-3099(22)00525-4

See Comment page 3

UK Field Epidemiology Training
Programme, UK Health
Security Agency, London, UK
(M Bardsley MSc); Field Service
South West, Field Services
Directorate, UK Health Security
Agency, Bristol, UK (M Bardsley,
CR Beck PhD); Real-time
Syndromic Surveillance Team,
Field Services Directorate, UK
Health Security Agency,
Birmingham, UK

(RA Morbey PhD,

H E Hughes PhD,

G E Smith MBBS, A ) Elliot PhD);
National Institute for Health
Research Health Protection
Research Unit in Emergency
Preparedness and Response,
King's College London, London,
UK (R A Morbey, C R Beck,

G E Smith, A Elliot); National
Institute for Health Research
Health Protection Research
Unit in Gastrointestinal
Infections, University of
Liverpool, Liverpool, UK

(H E Hughes, G E Smith,

A] Elliot); National Institute for
Health Research Health
Protection Research Unit in
Behavioural Science and
Evaluation, University of
Bristol, Bristol, UK (C R Beck);
Immunisation and Vaccine
Preventable Diseases Division,
UK Health Security Agency,
London, UK (C HWatson PhD,

H Zhao PhD, J Ellis PhD)

Correspondence to:

Ms Megan Bardsley, Field Service
South West, Field Services
Directorate, UK Health Security
Agency, Bristol BS1 6EH, UK
megan.bardsley@ukhsa.gov.uk

56

Epidemiology of respiratory syncytial virus in children
younger than 5 years in England during the COVID-19
pandemic, measured by laboratory, clinical, and syndromic
surveillance: a retrospective observational study

Megan Bardsley, Roger A Morbey, Helen E Hughes, Charles R Beck, Conall H Watson, Hongxin Zhao, Joanna Ellis, Gillian E Smith, Alex J Elliot

Summary

Background Seasonal epidemics of respiratory syncytial virus (RSV) cause a clinically significant burden of disease
among young children. Non-pharmaceutical interventions targeted at SARS-CoV-2 have affected the activity of other
respiratory pathogens. We describe changes in the epidemiology of RSV among children younger than 5 years in
England since 2020.

Methods Surveillance data on RSV infections, comprising laboratory-confirmed cases, proportion of positive tests,
hospital admissions for RSV-attributable illness, and syndromic indicators for RSV-associated disease (emergency
department attendances for acute bronchitis or bronchiolitis, non-emergency health advice telephone service
[NHS 111] calls for cough, general practitioner [GP] in-hours consultations for respiratory tract infections, and GP
out-of-hours contacts for acute bronchitis or bronchiolitis) were analysed from Dec 29, 2014 to March 13, 2022, for
children younger than 5 years. Data were extracted from national laboratory, clinical, and syndromic surveillance
systems. Time-series analyses using generalised linear models were used to estimate the effect of non-pharmaceutical
interventions targeting SARS-CoV-2 on RSV indicators, with absolute and relative changes calculated by comparing
observed and predicted values.

Findings RSV-associated activity was reduced for all RSV indicators during winter 2020-21 in England, with 10280
(relative change —99-5% [95% prediction interval —-100-0 to —-99-1]) fewer laboratory-confirmed cases, 22-2 (-99-6%)
percentage points lower test positivity, 92530 (-80-8% [-80-9 to —80 - 8]) fewer hospital admissions, 96 672 (-73-7%
[-73-7 to-73-7]) fewer NHS 111 calls, 2924 (-88-8% [-90- 4 to —87 - 2]) fewer out-of-hours GP contacts, 91304 (-89-9%
[-90-0 to —89-9]) in-hours GP consultations, and 27486 (-85-3% [-85-4 to —85-2]) fewer emergency department
attendances for children younger than 5 years compared with predicted values based on winter seasons before the
COVID-19 pandemic. An unprecedented summer surge of RSV activity occurred in 2021, including 11255 (1258-3%
[1178-3 to 1345-8]) extra laboratory-confirmed cases, 11-6 percentage points (527-3%) higher test positivity, 7604
(10-7% [10-7 to 10-8]) additional hospital admissions, 84425 (124-8% [124-7 to 124-9]) more calls to NHS 111,
409 (39-0% [36-6 to 41-8]) more out-of-hours GP contacts, and 9789 (84-9% [84-5 to 85-4]) more emergency
department attendances compared with the predicted values, although there were 21805 (-34-1% [-34-1 to —34-0])
fewer in-hours GP consultations than expected. Most indicators were also lower than expected in winter 2021-22,
although to a lesser extent than in winter 2020-21.

Interpretation The extraordinary absence of RSV during winter 2020-21 probably resulted in a cohort of young
children without natural immunity to RSV, thereby raising the potential for increased RSV incidence, out-of-season
activity, and health-service pressures when measures to restrict SARS-CoV-2 transmission were relaxed.

Funding None.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction representing the second most frequent cause of death in

Respiratory syncytial virus (RSV) is a common respiratory
pathogen and a leading cause of bronchitis and
bronchiolitis among young children.' Most children have
been infected with RSV by 2 years of age, and, although
most have mild respiratory symptoms, RSV infection can
cause severe disease in some groups, including infants,
premature infants, and immunocompromised indi-
viduals. RSV infection has a substantial global impact,

infants (second only to malaria) and imparting annual
global inpatient and outpatient costs of approximately
€5 billion.** Transmission of RSV is seasonal, with annual
epidemics occurring during the winter months in the
northern hemisphere.’ In England, annual RSV activity
consistently peaks in young children during December
and is associated with an estimated 20000 hospital
admissions annually in children younger than 1 year.*®
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Research in context

Evidence before this study

Respiratory syncytial virus (RSV) is a major cause of respiratory
illness in young children and has predictable seasonality with
northern hemisphere epidemics occurring in mid-winter.

The burden of disease is significant, with a systematic review
published in 2022 estimating that more than 30 million cases
and over 100 000 deaths occur annually in children younger
than 5 years. During the COVID-19 pandemic, widespread non-
pharmaceutical interventions, such as population lockdowns,
travel restrictions, and physical distancing have been
introduced to reduce the spread of the SARS-CoV-2 virus; these
non-pharmaceutical interventions also have the potential to
affect the circulation of RSV. We searched PubMed to identify
relevant literature until March 10, 2022, using the key words
“respiratory syncytial virus”, "RSV”, “epidemiology”, “"SARS-
CoV-2", "COVID-19” and “pandemic”. Southern hemisphere
countries initially reported the altered epidemiology of RSV in
the first winter since SARS-CoV-2 non-pharmaceutical
interventions were introduced. At the commencement of our
study, no reports from the northern hemisphere were identified
in the literature search.

Added value of this study

We assessed the change in epidemiology of RSV among
children in England during the COVID-19 pandemic compared
with previous years. A key strength of this study was the use of

COVID-19 has had a major impact on individuals,
societies, and health-care systems. In response to the
pandemic, unprecedented interventions have been
adopted around the globe, including lengthy whole-
country lockdowns and travel restrictions, aimed at
preventing SARS-CoV-2 transmission. In England, the
government announced physical distancing require-
ments from March 12, 2020, and implemented the first
national lockdown from March 26, 2020. The public were
ordered to stay at home, work from home, and only leave
home for essential purposes’ From June, 2020,
restrictions were eased but localised lockdowns or
enhanced non-pharmaceutical interventions were used
until a second 4 week national lockdown started on
Nov 5, 2020, which was again followed by localised
lockdowns or enhanced non-pharmaceutical inter-
ventions. The third national lockdown commenced on
Jan 6, 2021, and lasted until March, 2021, when a phased
easing occurred until many restrictions were lifted on
July 19, 2021. This series of non-pharmaceutical
interventions occurred before, during, and after the
typical RSV epidemic season during the winter of
2020-21. Minimal non-pharmaceutical interventions
were in place after July 19, 2021.

Like SARS-CoV-2, RSV is primarily transmitted
through respiratory droplets (ie, coughs and sneezes),
including via indirect contact through contaminated
surfaces. Widely implemented non-pharmaceutical

www.thelancet.com/infection Vol 23 January 2023

multiple national surveillance systems (laboratory, clinical, and
syndromic) in the analyses to provide a comprehensive
understanding of the reduction in RSV activity across a range of
of health-care systems. The RSV-associated indicators studied
were cases, test positivity, hospital admissions, emergency
department attendances, calls to a non-emergency medical
helpline, and primary care consultations. We estimated the
effect of non-pharmaceutical interventions by comparing RSV
indicator activity in the 2020-21 winter season, 2021 summer
season, and 2021-22 winter season with data from 2015-16
onwards, using interrupted time-series analyses. Our models
accounted for seasonality, trend, and changes to indicator
denominator data over time.

Implications of all the available evidence

The results of our study add to the evidence of the broader
impact of non-pharmaceutical interventions on the circulation
of other respiratory pathogens besides SARS-CoV-2. For RSV,
there are concerns around the potential for more severe
outcomes (such as a higher proportion of children developing
clinically severe disease requiring hospital admission) in
forthcoming seasons because of an immunity debt—the
concept that a greater proportion of the population is
susceptible to disease after a long period of reduced exposure.
Our findings will be of interest to health policy makers and
planners in the context of ongoing SARS-CoV-2 transmission.

interventions against SARS-CoV-2—eg, stay-at-home
orders, wearing of face coverings, physical distancing,

and promotion of improved hygiene, such as
handwashing—all have the potential to prevent
transmission of other communicable (particularly

respiratory) diseases.® Enforcement of protracted public
health interventions has created quasi or natural
experimental conditions in which the effect of non-
pharmaceutical interventions on other pathogens can be
observed at a population level.

During the 2 years since COVID-19 was declared a
pandemic, research regarding the impact of the
pandemic on the circulation of other pathogens in the
community has grown.® We studied data from laboratory,
clinical, and syndromic surveillance to describe the epi-
demiology of RSV during the pandemic and quantified
the change in RSV-attributable disease among children
in England since the introduction of public health
measures to reduce transmission of SARS-CoV-2. We
aimed to investigate the effect of non-pharmaceutical
interventions on community transmission of respiratory
infections, considering the potential for increased effects
of RSV in future seasons.

Methods

Study design and population

We conducted a retrospective observational study to
estimate the effect of COVID-19 public health measures
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See Online for appendix

on RSV activity using an interrupted time-series
approach and generalised linear modelling. The period
for which data relating to each indicator were extracted
was from Dec 29, 2014 (International Organization for
Standardization [ISO] week 1, 2015), to March 13, 2022
(ISO week 10, 2022), inclusive, unless otherwise stated
below.

The study population consisted of children younger
than 5 years who were identified through public health
surveillance systems (operated within the UK Health
Security Agency [UKHSA] and National Health Service
[NHS]) as having confirmed RSV infection, an RSV test,
or RSV-associated respiratory disease.

Analyses were limited to secondary use of datasets
routinely collected as part of the public health function of
the UKHSA. This study is not considered research as
defined by the UK Policy Framework for Health and
Social Care Research, determined using the Health
Research Authority decision tool; therefore, review by a
research ethics committee was not required.””

Data sources

RSV surveillance in England is coordinated through
three types of surveillance: laboratory data (cases and
tests); clinical data on hospital admissions, categorised
under confirmed and non-specific diagnoses (such as
pneumonia or acute bronchiolitis or bronchitis); and a
variety of syndromic surveillance systems, including
calls to the remote health advice telephone line managed
by the NHS (NHS 111), primary care (ie, general
practitioner [GP]) consultations, and hospital emergency
department attendances. This study reviewed RSV
indicators across all three surveillance types. Data
specifications are summarised below and in the
appendix (p 1).

Laboratory data

The UKHSA Second Generation Surveillance System
(SGSS) database holds records of all pathogenic
isolates from samples submitted from UKHSA, NHS,
and private microbiology laboratories in England."
Record-level data for RSV isolates from children
younger than 5 years (at the time of testing) were
extracted from SGSS. Records for the same individual
within 6 weeks were deduplicated, with the earliest
record retained.

The Respiratory DataMart System (RDS) is a UKHSA
surveillance dataset recording information on laboratory
testing, including confirmed RSV infections. It differs
from SGSS in that it contains both positive and negative
test results, includes the results of multiplex PCR testing
only, and has sentinel coverage.” RDS data were
deduplicated on the basis of a 6 week episode period.
The number of cases (numerator) and total tests
(denominator) for RSV were extracted for children
younger than 5 years (at time of testing) diagnosed in
England.

Clinical data

The Hospital Episode Statistics (HES) database contains
routinely collected data on all admissions to NHS
hospitals in England.® HES records diagnoses using
International Classification of Diseases 10th Revision
(ICD-10) codes, with each admission allocated a primary
diagnosis code describing the main reason for the
hospitalisation. For the purpose of our study, an
admission refers to a single HES episode, encompassing
admission through to discharge at a single hospital.

The clinical case definition of a hospital admission for
RSV-attributable respiratory disease was a HES episode
with a primary diagnosis of bronchiolitis (ICD-10
code J21), pneumonia (J12-18), unspecified lower
respiratory tract infection (J22), bronchitis (J20), or upper
respiratory tract infection (J00-06). These diagnoses have
been shown to be sensitive indicators for RSV.¢ Only the
primary diagnosis was included in order to avoid double
counting admissions that contained two or more of these
diagnoses.

Total admissions (denominator) and admissions for
RSV-attributable respiratory disease (numerator) were
extracted for children younger than 5 years (atadmission).
At the time of extraction, HES data were available only
until Feb 28, 2022 (start of ISO week 9, 2022)

Syndromic data
The UKHSA Real-time Syndromic Surveillance Team
coordinates the national syndromic surveillance systems
operated within the UKHSA.* Syndromic surveillance is
the process of collecting, analysing, and interpreting
health-related data to provide an early warning of health
threats requiring public health action.* Based on
symptoms and clinical diagnosis of a disease, the
anonymised data are aggregated by a number of
syndromic indicators.* Data from four UKHSA
syndromic surveillance systems were included: calls to
NHS 111; GP out-of-hours contacts; GP in-hours
consultations; and emergency department attendances.
A range of syndromic indicators have been shown to be
sensitive to RSV activity, including NHS 111 calls for
cough, GP in-hours consultations for upper and lower
respiratory tract infections, GP out-of-hours contacts for
acute bronchitis or bronchiolitis, and emergency
department attendances for acute bronchitis or
bronchiolitis.*** Counts of calls, consultations, contacts,
and attendances for these RSV-type indicators among
children younger than 5 years were extracted. Emergency
Department data were available only from ISO week 14,
2018, when the national system was established.

Statistical analysis

Indicator data were aggregated into weekly counts and
data were presented graphically by ISO week. Total
indicator activity in the 2020-21 winter season,
2021 summer season, and 2021-22 winter season were
each calculated and compared with the mean in the
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Figure 1: RSV-associated indicator activity among children younger than 5 years, 2015-22
GP=general practitioner. RSV=respiratory syncytial virus.
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Indicator activity, winter 2020-21  Difference in indicator activity
(observed minus predicted)
Predicted Observed Absolute  Percentage change
(95% PI) change (95% P1)
Laboratory data
Total number of cases, SGSS data 10327 47 -10280 -99-5%
(10276 t010378) (-100-0t0-99-1)
Mean percentage test positivity, 22:3%* 0-1% -222 -99-6%*
RDS data
Clinical data
Total number of admissions for 114454 21924 -92530 -80-8%
RSV-attributable respiratory (114394 t0 114514) (-80-9t0-80-8)
disease, HES data
Syndromic data
Total number of NHS 111 calls for 131155 34483 -96672 -737%
cough (1310950 131214) (-737t0-737)
Total number of GP out-of-hours 3293 369 -2924  -88:8%
contacts for acute bronchitis or (3234 t03352) (-90-4t0-87-2)
bronchiolitis
Total number of GP in-hours 101552 10248 -91304  -89:9%
consultations for upper and lower (101490 to 101614) (-90-0t0-89-9)
respiratory tract infections
Total number of emergency 32226 4740 27486  -853%
department attendances for (32175t032277) (-85-4t0-85-2)
acute bronchitis or bronchiolitis
Note that RSV status is confirmed in laboratory data and presumed in clinical and syndromic data. RSV=respiratory
syncytial virus. Pl=prediction interval. SGSS=Second Generation Surveillance System. RDS=Respiratory DataMart
system. HES=Hospital Episode Statistics. GP=general practitioner. *95% Pls were not estimated because of repeated
zero counts in weekly reports.
Table 1: Interrupted time-series analyses of predicted versus observed RSV-associated indicator activity
during winter 2020-21 (week 40, 2020, to week 10, 2021)
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equivalent season in previous years. The winter season
for RSV activity was defined as ISO week 40 to week 10 of
the following year, and the summer season as ISO
week 11 to week 39, based on previous literature and
visual inspection of the data.? Where available, descriptive
calculations were stratified by age group (children aged
<1year and aged 14 years).

Interrupted time-series analyses using generalised
linear models were used to estimate the effect of
COVID-19  non-pharmaceutical  interventions on
RSV-attributable illness measured by each surveillance
indicator. The intervention period started from ISO
week 11, 2020 (including March 12, 2020, when physical
distancing was implemented in England). Negative
binomial regression models were fitted for each indicator
to account for over-dispersion. Where available,
denominator data were included as an offset variable to
allow for changes in denominator activity over time
(appendix p 6). A binary variable was included to account
for weeks that included a bank holiday, which could
introduce systematic differences in weekly data.
Harmonic (sine and cosine) terms were included to
model annual seasonality using Fourier transformations.
Where deemed appropriate by Akaike Information
Criterion scores, time was included in the models to
account for longer-term trends.

Each model estimated the epidemiological trend of
each surveillance indicator trained on historical data
before ISO week 11, 2020. These models were used as
comparisons with the actual observed indicator activity to
give a counterfactual estimation of expected activity if the
COVID-19 non-pharmaceutical interventions had not
been implemented. Absolute and relative changes in
activity during the winter 2020-21, summer 2021, and
winter 2021-22 compared with counterfactual models
were calculated for each indicator, with prediction
intervals (PIs) at the 95% level presented for percentage
change.

All analyses were done with R software (version 4.0.2)
using the MASS, tidyverse, and gpplot2 packages.

Role of the funding source
There was no funding source for this study.

Results

Distinct seasonal trends were observed for laboratory-
confirmed cases of RSV in children younger than 5 years
during the winter seasons from 2015-16 to 2019-20
(figure 1A). A peak in cases was typically observed
between weeks 47 and 50, with a mean of 8697 cases
(SD 1554; range 7453-11571) reported in each winter
season (appendix p 2). Most cases were reported in
children younger than 1 year (appendix pp 2—4).

No winter peak in RSV cases was detected in the
2020-21 winter season, with a total of 47 cases reported
(figure 1A; appendix p 3). Regression modelling
suggested that 10280 (-=99-5% [95% PI1-99-1 to —100-0])
fewer cases were reported to SGSS in the 2020-21 winter
season, compared with what would have been expected
had COVID-19 public health interventions not affected
RSV activity (table 1; figure 2A). An atypical peak in cases
occurred during summer, 2021 (figure 1A), with
12150 cases reported during weeks 11-39, in contrast to
the 895 predicted cases, representing a 1258-3% increase
(1345-8 to 1178-3; table 2; figure 2A). Following this
summer activity, cases decreased, with no peak during
winter 2021-22 (relative change —26-9% [-27-0 to —26- 8]
compared with predicted value; table 3; figures 1A, 2A).

The trend in the proportion of tests that were positive
for RSV was similar to the trend in number of cases.
Before COVID-19, a peak in test positivity was typically
observed during weeks 48-50 each year, with a low
proportion of positive tests in the summer (figure 1B).
There was no seasonal increase in test positivity in
winter 2020-21, with seven (0-1%) of 7094 tests being
positive (table 1; appendix p 2), with an estimated relative
reduction of 99-6% in test positivity (table 1; figure 2B).
Test positivity increased from week 22, 2021 (summer),
and reached a peak of 28-7% in week 30 (figure 2B).
Across weeks 11-39, 2021, test positivity was
527-3% higher than expected (table 2). Test positivity
declined throughout the rest of the year, and no typical
epidemic activity was observed in winter 2021-22, with

www.thelancet.com/infection Vol 23 January 2023
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Figure 2: Time-series analyses of predicted and actual RSV-associated indicator activity among children younger than 5 years, 2015-22

GP=general practitioner. RSV=respiratory syncytial virus.
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Indicator activity, summer2021  Difference in indicator activity
(observed minus predicted)
Predicted Observed Absolute  Percentage change
(95% PI) change (95% P1)
Laboratory data
Total number of cases, SGSS data 895 12150 11255 1258-3%
(834 to 955) (1178-3t0 1345-8)
Mean percentage test positivity, 2:2%* 13-8% 116 527-3%*
RDS data
Clinical data
Total number of admissions for 70766 78370 7604 10-7%
RSV-attributable respiratory (70697 to 70 835) (10-7t0 10-8)
disease, HES data
Syndromic data
Total number of NHS 111 calls for 67645 152070 84425 124-8%
cough (67575 to 67715) (1247 t0 124-9)
Total number of GP out-of-hours 1049 1458 409 39-0%
contacts for acute bronchitis or (979 to 1118) (36-6t041-8)
bronchiolitis
Total number of GP in-hours 63990 42185 -21805 -34-1%
consultations for upper and lower (63918 to 64062) (-34-1t0-34-0)
respiratory tract infections
Total number of emergency 11530 21319 9789 84-9%
department attendances foracute (11468 to 11591) (84-5to 85-4)
bronchitis or bronchiolitis
Note that RSV status is confirmed in laboratory data and presumed in clinical and syndromic data. RSV=respiratory
syncytial virus. Pl=prediction interval. SGSS=Second Generation Surveillance System. RDS=Respiratory DataMart
system. HES=Hospital Episode Statistics. GP=general practitioner. *95% Pls were not estimated because of repeated
zero counts in weekly reports.
Table 2: Interrupted time-series analyses of predicted versus observed RSV-associated indicator activity
during summer 2021 (weeks 11-39, 2021)
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an estimated 55- 5% reduction in test positivity compared
with the predicted value (table 3).

Hospital admissions showed clear seasonal trends
from 2015-16 to 2019-20 (figure 1C), typically peaking in
weeks 47-48. RSV-attributable admissions fell rapidly
after the first announcement of physical distancing rules
in week 11, 2020. Admissions remained low until
week 36, 2020, when they began to increase (around the
same time as in previous years), although they did not
reach the same levels seen in previous years. Time-series
modelling indicated that more than 92530 hospital
admissions for RSV-attributable disease among children
younger than 5 years were averted in winter 2020-21
compared with the expected number (relative
change -80-8% [-80-9 to —80-8]; table 1; figure 2C).
During summer 2021, observed admissions were 10-7%
(10-8 to 10-7) higher than predicted, an absolute
difference of 7604 admissions (table 2; figure 1C). From
week 47, 2021, admissions decreased as in previous years,
but to lower levels, with modelling indicating that 48 075
(—43-1% [-43-1 to —43-1]) fewer admissions for RSV-
attributable disease occurred during winter 2021-22
relative to the predicted number (table 3; figure 2C).

Before COVID-19, all syndromic RSV-type indicators
showed clear seasonal activity during the winter each
year, increasing from approximately week 36 with a peak
in weeks 48-50. Following week 11, 2020, all indicators

dropped immediately, and no seasonal increases were
observed in winter 2020-21 (figure 1D-G). An estimated
96672 (-73-7% [-73-7 to —73-7]) fewer NHS 111 calls for
cough were made in winter 2020-21 compared with the
predicted number (table 1; figure 2D). The number of GP
out-of-hours contacts for acute bronchitis or bronchiolitis
was 2924 (-88-8% [-90-4 to —87-2]) lower and GP in-
hours consultations for lower and upper respiratory tract
infections 91304 (-89-9% [-90-0 to —89-9]) lower
in 2020-21 compared with the modelled values (table 1;
figure 2E-F). The absence of the 2020-21 winter RSV
epidemic resulted 27486 (-85-3% [-85-4 to -85 - 2]) fewer
emergency department attendances for acute bronchitis
or bronchiolitis being reported through the emergency
department syndromic surveillance system network
(table 1; figure 2G).

Peaks outside of the typical winter season following
winter 2020-21 were also observed in the syndromic
data, but the extent to which these peaks occurred varied
between systems. All except GP in-hours consultations
for upper and lower respiratory tract infections showed
increased activity in summer 2021 compared with the
predicted values, most notably NHS 111 calls for cough
and emergency department attendances for acute
bronchitis or bronchiolitis (table 2). 84425 (124-8%
[124-7 to 124-9]) additional calls to NHS 111 for cough
were made compared with the predicted number (table 2;
figure 2D), largely driven by a peak in calls at
week 22, 2021, at a frequency that exceeded any previous
winter season (figure 1D).

For GP out-of-hours contacts for acute bronchitis or
bronchiolitis, an increase of 39-0% (36-6 to 41-8) above
predicted levels was observed in summer 2021 (table 2;
figure 1F), but no typical increase was observed the
following winter (—42-2% [—43-1 to —41-4] compared with
predicted; table 3). For GP in-hours consultations for
upper and lower respiratory tract infections, after the
absence of a winter epidemicin 2020-21, the summer 2021
period showed trends similar to those in previous years.
The number of consultations was 21805 (-34-1%
[-34-1 to —34-0]) lower than predicted, but this change
was attributable to fewer consultations for lower and
upper respiratory tract infections at the start of 2021
compared with the same time during previous years
(table 2; figure 1F). The magnitude of the winter peak in
2021-22 was reduced, with 47106 (—48-2% [—48 - 2 to 48 - 1])
fewer consultations than expected (table 3).

The trend for emergency department attendances for
acute bronchitis or bronchiolitis diverged from the
seasonal norm from week 22, 2021, onwards (figure 1G).
In summer 2021, 9789 (84-9% ([84-5 to 85-4]) more
attendances than predicted were observed (table 2). The
period of increased attendances was sustained through
the summer and started to decline from week 47, 2021
(figure 1G). The number of attendances was 8683
(-27-2% [-27-2 to —27-1]) lower than predicted for the
winter of 2021-22 (table 3).
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Most surveillance indicators showed reduced activity in
winter 2020-21, but increased activity in summer 2021,
and therefore the net indicator activity (compared with
modelled) was calculated during the 2 full years following
the introduction of COVID-19 non-pharmaceutical
interventions (week 11, 2020, to week 10, 2022;
appendix p 5). The net differences included 2592 fewer
cases (—11-3% [-11-2 to —11-4]); 178575 fewer hospital
admissions for RSV-attributable disease (—48-9% [-48-9
to —49-0); 214634 fewer GP in-hours consultations
(-65-2% [-65-2 to —65-3]) and 33016 fewer emergency
department attendances for acute bronchitis or
bronchiolitis (—38-0% [-37-9 to —38-1]).

Discussion

These results show an unprecedented reduction in RSV
activity during the 2020-21 winter season, followed by an
atypical surge of activity during the following summer,
which coincides with the implementation and sub-
sequent relaxation of national public health interventions
aimed at limiting SARS-CoV-2 spread in the community.
Reduced RSV activity was observed in the subsequent
winter season of 2021-22 compared with winters before
the COVID-19 pandemic.

Although some reduction in RSV would have been
expected given that the transmission routes of RSV and
SARS-CoV-2 are the same, the estimated effect size for
winter 2020-21 is substantial. Laboratory-confirmed
cases of RSV in children were 99% lower in
winter 2020-21 than would be expected if
non-pharmaceutical interventions against COVID-19 had
not been implemented. This reduction cannot be
explained by any reduction in laboratory testing, as test-
positivity was reduced by a similar order of magnitude.
Our findings align with reports from other countries that
have reported significantly reduced RSV transmission in
the first winter following the introduction of COVID-19
public health measures; for example, Western Australia
and New Zealand found over 99% reductions in RSV
detections compared with previous years.”* It should be
noted the UKHSA emergency department and GP
syndromic surveillance systems do not have full
population coverage, so our estimated reductions are an
underestimation of the reduction across England.

Although the result of smaller winter epidemics might
appear beneficial, there is growing evidence of the
potential of medium-term negative effects through
immunity debt, in which a greater proportion of the
population is susceptible to a disease after a long period
of reduced exposure.” This poses a threat with regard to
the size of the epidemic and subsequent health-care
pressures, as well as the timing of RSV epidemics.”?*
The unprecedented suppression of RSV activity during
winter 2020-21 is likely to have resulted in a large cohort
of immunologically naive children younger than 5 years
who have not been exposed to natural RSV infection but
who became exposed upon the lifting of restrictions. A
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Indicator activity, winter 2021-22

Difference in indicator activity
(observed minus predicted)

acute bronchitis or bronchiolitis

Predicted Observed Absolute  Percentage change

(95% PI) change (95% PI)
Laboratory data
Total number of cases, SGSS 11078 8097 -2981 -26-9%
data (11029 to 11127) (-27-0t0-26-8)
Mean percentage test positivity, 227%* 10-1% -55-5%*
RDS data
Clinical data
Total number of admissions for 111553 63478 -48075 -431%
RSV-attributable respiratory (111498 t0 111 609) (-43-1t0-43-1)
disease, HES datat
Syndromic data
Total number of NHS 111 calls 128142 130905 2:2%
for cough (128084 t0 128199) (22t022)
Total number of GP out-of- 2881 1664 -1217 -42:2%
hours contacts for acute (2824 t02938) (-43-1to-41-4)
bronchitis or bronchiolitis
Total number of GP in-hours 97819 50714 -47106 -48-2%
consultations for upper and (97759 to 97 878) (-48-2t0-48-1)
lower respiratory tract infections
Total number of emergency 31965 23283 -8683 -272%
department attendances for (31916 t032014) (-27-2t0-27-1)

Note that RSV status is confirmed in laboratory data and presumed in clinical and syndromic data. RSV=respiratory
syncytial virus. Pl=prediction interval. SGSS=Second Generation Surveillance System. RDS=Respiratory DataMart
system. HES=Hospital Episode Statistics. GP=general practitioner. *95% Pls were not estimated because of repeated
zero counts in weekly reports. tHES data up to Feb 28, 2022 (latest available at time of extraction).

during winter 2021-22 (week 40, 2021, to week 10, 2022)

Table 3: Interrupted time-series analysis of predicted versus observed RSV-associated indicator activity

summer epidemic of RSV had never been observed in
UK surveillance data, but our analyses showed an
increase of more than 1000% in laboratory-confirmed
cases in summer 2021 compared with predicted (where
laboratory-confirmed cases reached numbers expected of
a pre-pandemic winter), and an increase of more than
80% in emergency department attendances. The
disproportionate difference observed between laboratory-
based and clinical or syndromic indicators of RSV activity
might be explained by an increased propensity to test for
respiratory pathogens during the COVID-19 pandemic,
and the potential effect of summer meteorological
conditions lessening the severity of symptoms and
thereby the likelihood of admissions or emergency
department visits. Before the COVID-19 pandemic, the
greatest burden of laboratory-confirmed RSV was
observed in the predominantly RSV-naive population of
children younger than 1 year. During the summer RSV
epidemic, however, the relative burden of laboratory-
confirmed RSV in children aged 14 years was greater
than in pre-COVID-19 winters, and activity peaked at
levels higher than in pre-COVID-19 winters. This finding
is possibly a result of the increased population cohort of
RSV-naive children in the 14 years age group following
the period of population lockdown during the pandemic,
when exposure to RSV was minimal.
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Modelling from the USA projects that large future
outbreaks of respiratory viruses might occur after a period
of extended non-pharmaceutical interventions.” Indeed,
inter-seasonal RSV resurgence following an RSV-free
winter, associated with the relaxation of COVID-19
measures, has also been observed in the USA, Australia,
and South Africa, among other countries.”” In England,
this resurgence meant unprecedented measures were
taken to mitigate the risks of RSV-associated severe
disease and hospitalisation, including the approval of
prescribing of palivizumab (a passive immunoprophylaxis
for RSV) earlier than the usual October start date and to
an expanded group of eligible patients. Inter-seasonal
surges of other respiratory infections, including
parainfluenza and rhinovirus, were also reported across
the country, and the NHS brought forward its usual
winter planning, escalation, and emergency processes."*
The impact of out-of-season respiratory pathogen activity
on hospitals was, however, still considerable.”

Ongoing monitoring of non-COVID-19 respiratory
disease indicators will be required to inform future health-
care system planning in the context of ongoing COVID-19
transmission. Widespread simultaneous community
transmission of RSV and SARS-CoV-2 could exacerbate
physical pressures on the primary and secondary NHS
care systems, which are already working with reduced
capacity because of physical distancing among other
infection control precautions. Moreover, COVID-19
vaccines are not currently licensed for children younger
than 5 years in England, and the effect of potential
interactions between SARS-CoV-2 and other respiratory
viruses in terms of disease severity is a potential concern.*

A major strength of our study is the breadth of
surveillance data incorporated into the analysis. Using
data from laboratory testing, hospital admissions, and
syndromic surveillance we triangulated signals from
across the spectrum of health care, from confirmed and
hospitalised cases to health care-seeking (or advice-
seeking) behaviour in the community. The systems
presented here are commonplace in public health
systems internationally, and our methods and findings
are therefore applicable across other settings and
respiratory pathogens.

However, the study had some limitations. We applied a
binary threshold for the COVID-19 intervention period in
time-series analyses, starting in ISO week 11, 2020, when
physical distancing was first implemented in England by
the UK Government. It was not possible for us to
disentangle the relative effects of different interventions
(eg, full lockdown, physical distancing, school or
workplace closures, reduced travel, or hygiene
behaviours) that occurred at different stages of the
pandemic response. As a result, we can only present a
crude estimate of the impact of non-pharmaceutical
interventions as a whole. We also present data at the
national population level, which might mask subnational
differences in RSV activity.

While being sensitive to RSV activity, the indicators from
syndromic and hospital surveillance systems are not
specific to RSV, which could lead to an overestimation of
RSV-associated disease. This lack of specificity is especially
pertinent during times of enhanced COVID-19
transmission, given that some respiratory symptoms are
common to COVID-19 and RSV infection. However, the
magnitude of reduction across all our RSV indicators was
so large that we would not expect this potential
overestimation to substantially change our findings. In
addition, some of the syndromic surveillance systems
included were sentinel and might not be fully
representative of England nationally. Furthermore, during
pre-pandemic summer periods, these non-specific RSV
metrics might overestimate RSV activity because they are
likely to be less specific for RSV during a period when,
typically, there is lower RSV activity. These syndromic
indicators should, therefore, be interpreted alongside
other more specific RSV indicators such as laboratory
tests.

The study population did not include those people
with RSV who did not use any health services, which
could lead to an underestimation of the true burden of
RSV occurring in the community. This limitation was
particularly relevant during the initial phases of
COVID-19, when the population was encouraged to
avoid social contact and reduce the burden on the NHS,
which resulted in large decreases in health care-seeking
behaviour.*® However, parents with infants with
RSV-associated clinical symptoms are more likely to
present to health-care services than are other patients
with acute, mild, or selflimiting presentations.
Therefore, we believe that the decreases were more
likely to reflect decreases in the burden of disease rather
than changes in community health care-seeking
behaviours.

Finally, there were some methodological limitations.
Although the interrupted time series-based methodology
accounted for important confounders such as changes in
surveillance denominator, seasonality, and trend, there
were other confounders that were not accounted for in
the analyses (eg, demographic characteristics). Given the
estimated effect size across the breadth of surveillance
systems studied, however, we do not believe this will
have substantially affected our overall findings.

In conclusion, the absence of RSV activity in England
during the winter of 2020-21 and then atypical activity in
summer 2021 was unprecedented in the modern
epidemiological era, and was most likely due to the
introduction and subsequent relaxation of public health
non-pharmaceutical interventions to mitigate the spread
of COVID-19. This finding has been shown across a
range of surveillance systems monitoring RSV in
England. These systems will be invaluable for informing
seasonal RSV planning in the context of ongoing
COVID-19 transmission, as the magnitude and timing of
future RSV epidemics remains to be seen.
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