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Abstract
Introduction Following the easing of COVID-19 restrictions in many countries, a surge in respiratory
syncytial virus (RSV) hospitalisations was reported, surpassing yearly trends pre-pandemic. The changes to
RSV epidemiology may have unforeseen effects on healthcare systems and populations globally, adding to
the burden generated during the pandemic and placing increased demand on resources. Here we aim to
identify recent global trends of RSV hospitalisation amongst children aged ⩽5 years, to help inform policy
makers in the planning of preventative interventions.
Methods We conducted a scoping review of published literature between January 2009 and May 2021.
Using keywords “Hospital admissions, Respiratory syncytial virus, RSV, Bronchiolitis, Children” we
located studies using Medline, EMCARE, CINAHL and HMIC. Studies were eligible if they reported on
trends/data for RSV hospitalisation amongst children aged ⩽5 years. The articles were reviewed by two
independent reviewers.
Findings We assessed 3310 abstracts, reviewed 70 studies and included 56 studies in the final review.
Findings were categorised into themes. The review highlighted that, although RSV incidence has been
steadily increasing since 2009, the number of reported RSV hospitalisations decreased during lockdown.
The highest numbers of hospitalisations were reported in children <1 year of age, particularly 0–2-month-
old infants. Globally, RSV hospitalisations tend to peak in the winter months; however, since COVID-19
restrictions have eased, countries are reporting incidence peaks at different times, in contrast to the trends
of previous years.
Conclusion With greater physical interactions due to the relaxation of COVID-19 restriction measures,
RSV-related hospitalisations can be seen to increase amongst children aged ⩽5 years, possibly surpassing
the numbers reported in previous RSV seasons.

Introduction
Respiratory syncytial virus (RSV) is an enveloped RNA virus which causes acute lower respiratory
infections (ALRI) and bronchiolitis in young children [1] and is responsible for >3 million hospitalisations
and over 65 000 deaths globally each year [2]. Although over 80% of infants have experienced at least one
RSV infection by the age of 2 years, infants in their first year of life are more likely to experience a severe
infection requiring hospitalisation [3]. RSV-related complications other than bronchiolitis include
pneumonia, acute otitis media and conjunctivitis [4]. Despite over 50 years of effort, a licensed vaccine is
still not available for RSV [5].

RSV is known to create a significant burden on healthcare systems. A systematic review and meta-analysis
of 329 studies conducted by SHI et al. in 2017 [6] estimated that there were about 33.1 million (uncertainty
range (UR) 21.6–50.3) RSV-ALRI episodes globally, resulting in about 3.2 (UR 2.7–3.8) million hospital
admissions and 59 600 (48 000–74 500) in-hospital deaths in (670.5 million) children younger than 5 years.
In the UK alone, 450 000 general practitioner (GP) appointments, 29 000 hospitalisations and 83 deaths
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per year are reported amongst children and are attributed to RSV infection – with the majority of the
burden reported in infants [6]. In England, it has been estimated that RSV causes ∼78% (95% CI 75%–
83%) of bronchiolitis admissions in children <5 years of age [7]. REEVES et al. (2017) [8] confirm a mean
annual admission rate of 35.1 (95% CI 32.9–38.9) per 1000 children aged <1 year and 5.31 (95% CI 4.5–
6.6) per 1000 children aged 1–4 years in England when analysing data from 2007 to 2012. SHI et al.
(2017) [6] report that direct medical costs associated with hospital care for childhood ALRI have been
estimated to range from USD 243 (95% CI 154–341) to USD 559 (269–887) at secondary and tertiary care
facilities, respectively, in low- to middle-income countries; and USD 2804 (2001–3683) to USS 7037
(4286–11 311) at secondary and tertiary care facilities, respectively, in high-income countries. These data
highlight the importance of managing RSV-related illness in the UK and globally during the pandemic.
Furthermore, it is important to consider the direct effects that sociological and economical changes
attributable to COVID-19 may have on the epidemiology of RSV in the short, medium and long term. As
a result of changes in infection rates and contact patterns, it is likely that levels of immunity in the
population are not reflective of recent years. Failure to consider these effects could have an impact on
populations and healthcare systems both in the UK and globally.

Throughout much of 2020 and 2021, non-pharmaceutical interventions (NPIs), including physical
distancing, reduced social mixing and quarantine measures, were implemented worldwide to limit the
spread of SARS-CoV-2. Hygiene measures were also introduced to reduce viral transmission, including the
use of face masks, with governments delivering campaigns with the aim of increasing hand hygiene. This
was the first time in many years that such dramatic changes to sociological and behavioural dynamics had
occurred, leading to changes in the epidemiology of other communicable diseases [9]. Following a
nationwide lockdown in 2020, Finland reported a decrease in paediatric hospital admissions caused by
respiratory tract infections [10]. The initial trajectory of the RSV season itself was similar to that of
previous years; however, 1 week after the start of lockdown, case numbers decreased rapidly, attributed to
reduced social mixing and mobility [10].

The changes in RSV epidemiology may have unforeseen effects on healthcare systems and populations
globally, adding to the burden generated during the pandemic and placing increased demand on resources.
A recent study in Australia highlighted the potential implications of easing COVID-19-related restrictions
on numbers of RSV hospitalisations. In Western Australia, RSV case numbers started to increase once
physical distancing measures were relaxed, exceeding the seasonal peak reported in the previous eight
RSV seasons [11]. A change in the temporal dynamics of RSV was also reported, with the season
occurring during spring and summer instead of the winter months [11]. A study in the USA also
demonstrated an absence of their usual RSV season during state-wide lockdowns and a delayed resurgence
in cases and hospitalisations [12].

The primary objective of this scoping review is to identify and gain insight into the recent trends of
RSV-associated hospitalisations globally. Secondary objectives include assessing the impact of the
following measures on RSV hospitalisation:
• COVID-19 lockdown
• Relaxation of COVID-19 restrictions

Methods
A scoping literature review was conducted by two reviewers (M.N. and R.K.). All shortlisted studies were
entered into a Microsoft Excel table and shared with the other authors of this article.

Literature search strategy
Key terms including “Hospital admissions, Respiratory syncytial virus, RSV, Bronchiolitis, Children” were
searched using Medline, EMCARE, CINAHL and HMIC.

The inclusion criteria were:
• Primary and secondary research assessing/reporting RSV illness and hospitalisation globally
• Published 2009 onwards
• Age group ⩽5 years
The exclusion criteria were:
• Published 2009 onwards but utilised data from before 2009
• Impact assessments of medication/antibiotics/vaccines
• Reporting clinical outcomes for RSV patients
• Evaluated RSV-related cost of hospitalisation
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The shortlisted literature was then categorised into three groups: 1) trends in RSV-associated
hospitalisation; 2) seasonality of RSV hospitalisation; and 3) incidence/prevalence of RSV infection.
Trends in RSV-associated hospitalisation were further grouped into three themes: i) increase in incidence/
rate over time; ii) patient age at time of RSV hospitalisation; and iii) impact of COVID-19 restrictions on
number of RSV hospitalisations.

Findings
The literature search located 3310 papers, of which 56 were shortlisted for further review and 56 studies
were included in the final review. The studies included in the review are presented in tables 1 and 2. Data,
where extractable, have been plotted as figure 1 (RSV incidence) and figure 2 (RSV hospitalisations).

RSV-associated hospital admissions (table 1, figure 1)
Increase in incidence/rate over time
We found evidence that the number of infant RSV hospital admissions has been increasing in recent years
across the world before the COVID-19 pandemic, with several studies reporting a year-on-year increase in
RSV hospitalisations from 2004 [7, 13, 14] (figure 1). Approximately 80% of hospitalised bronchiolitis
cases among children under 1 year in England are attributable to RSV [15] (table 1). LEWIS et al. (2020)
[16] documented the increased bronchiolitis admission rate in England from 47.4 (95% CI 46.8–47.9) to
58.9 per 1000 infant-years (95% CI 58.3–59.5) between 2012 and 2016. A study by TUMBA et al. (2020)
[14] reported a 49% increase in the incidence of hospitalisation for bronchiolitis in Brazil between January
2008 and December 2015 (8.5 to 12.7 per 1000 infant-years), with RSV attributed as the aetiologic factor.
CHUNG et al. (2020) [7] conducted a 15-year longitudinal study (2001–2016) of RSV admission rates for
children under 2 years of age in Scotland and found a 2.20-fold increase (95% CI 1.4–3.6-fold) from 17.2
(15.9–18.5) to 37.7 (37.4–38.1) admissions per 1000 infant-years [7]. A French study by DEMONT et al.
(2021) [17] investigating the economic burden of RSV hospitalisations found that incidence of RSV
hospitalisations in under 5s increased from 21.96 to 28.8 per 1000 infant-years between 2010 and 2018.
However, the absence of an increased number of RSV cases during the 2020 season is likely attributable to
external factors, such as the SARS-CoV-2 pandemic and subsequent behavioural and sociological shifts
due to NPIs.

Age at time of RSV hospitalisation (figure 2)
Several studies have confirmed an increase in RSV hospitalisations with a decrease in patient age, with
infants <1 year old having the highest burden of RSV hospitalisations, with admissions peaking for those
below 2 months of age [18–23] (figure 2). REEVES et al. (2020) [22] found the mean annual RSV-coded
admission rates ranged from 20.5 to 22.3 per 1000 children aged <1 year in Scotland, Finland, Norway and
Denmark, as compared with a range of 1.25 to 2.24 per 1000 children in children aged 1–4 years. ARRIOLA

et al. (2020) [18] reported similar findings with the adjusted age-specific RSV hospitalisation rates per
1000 population being 19.7 (95% CI 17.87–21.77), 8.97 (95% CI 7.61–10.73), 5.31 (95% CI 4.59–6.24)
and 3.58 (95% CI 3.17–4.05) for ages 0–2, 3–5, 6–11 and 12–23 months, respectively. SARAVANOS et al.
(2019) [19] also found that the highest RSV hospitalisation rate was for infants aged <2 months (27.78 per
1000 population). GLATMAN-FREEDMAN et al.’s (2020) [20] study in Israel concurred with the other studies,
with hospitalisation load of RSV-related diagnoses reported as highest in infants <1 year of age (mean
yearly rate of 12.18 per 1000 infants), rapidly declining in the following years. According to HARDELID

et al. (2019) [21], the overall RSV admission rate in the first, second and third year of life was 21.9, 7.0
and 2.0 per 1000 infant-years, respectively, indicating a clear reduction in hospitalisation with age. DEMONT

et al. (2021) [17] found that the most burdened age group in terms of RSV hospitalisation was aged
<1 year, representing 69% of hospitalisations. Incidence of RSV hospitalisations in this population
increased from 0.52 to 0.74 per 1000 infant-years between 2010 and 2018 and was significantly higher
than in other age groups.

Impact of COVID-19 restrictions on RSV
Three of the studies conducted during the COVID-19 pandemic confirmed a change in RSV hospitalisation
dynamics during periods of NPI, as compared with previous years [24–26]. PELLETIER et al. (2020) [24]
demonstrated a decrease in the number of RSV hospital admissions in the USA beginning in March 2020
compared with the period from 2010 to 2019. In April 2020, hospital admissions were reduced by 45.4%
compared with previous years (23 798 in April 2020 compared with a median (interquartile range) of
43 550 (42 110–43 946) in April 2010–2019). An Australian study conducted by BRITTON et al. (2020) [25]
observed a reduced mean frequency of RSV detections between April and June 2020, which was 94.3%
lower than predicted based on 2015–2019 data (mean±SE 99±24; p=0.026). Furthermore, WILDER et al.
(2020) [26] found that the mean number of bronchiolitis admissions was lower in the COVID-19 cohort
than the pre-COVID-19 cohort (1 versus 7; p=0.008). A retrospective analysis of the sentinel surveillance
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TABLE 1 Studies on respiratory syncytial virus (RSV)-associated hospital admissions

Author (year) [ref.]/
location

Sample size Results

HACIMUSTAFAOGLU et al.
(2013) [3]

• The annual incidence of hospitalisation due to RSV+LRTI was 7.8/1000

CHUNG et al. (2020) [7]
Scotland

43 514 • Over the 15-year study period, admission rates for children under 2 years old increased
2.20-fold (95% CI 1.4–3.6-fold) from 17.2 (15.9–18.5) to 37.7 (37.4–38.1) admissions per
1000 children per year

• Admissions peaked in infants aged 1 month, and in those born in the 3 months
preceding the peak bronchiolitis month – September, October and November

TUMBA et al. (2020) [14]
Brazil

263 679 • The incidence of hospitalisation for bronchiolitis increased by 49% over this period (8.5
to 12.7 per 1000 inhabitants per year), between 2013 and 2014, the incidence rate of
hospitalisation for acute bronchiolitis decreased by 8% (12.5 to 11.5 per 1000
inhabitants per year)

LEWIS et al. (2020) [15]
England

3 727 013 • Bronchiolitis admission rates ranged from 30.9 per 1000 infant-years (95% CI 30.4–31.3)
in London to 68.7 per 1000 (95% CI 67.9–69.5) in the North West

• Across CCGs: 5.3-fold variation in incidence rates and the epidemic peak ranged from
week 49.3 to 52.2

LEWIS et al. (2020) [16]
England

3 717 329 • Bronchiolitis admission rate increased from 47.4 (95% CI 46.8–47.9) to 58.9 per 1000
infant-years (95% CI 58.3–59.5) between 2012 and 2016

ARRIOLA et al. (2020) [18]
USA

1554 • Adjusted age-specific RSV hospitalisation rates per 100 000 population were 1970 (95%
CI 1787–2177), 897 (95% CI 761–1073), 531 (95% CI 459–624) and 358 (95% CI 317–405)
for ages 0–2, 3–5, 6–11 and 12–23 months, respectively

GLATMAN-FREEDMAN et al.
(2020) [20]
Israel

39 156 • The hospitalisation load of RSV-related diagnoses was highest in infants <1 year of age
(mean yearly rate of 1218.4 per 100 000 infants), rapidly declining in the following years

HARDELID et al. (2019) [21]
Scotland

169 726 • There were 5185 RSV admissions among the 169 726 children in the cohort: 48.6% of
admissions occurred before the age of 6 months, and 29.6% after the age of 1 year

REEVES et al. (2020) [22]
Europe

• Average annual RSV-coded admission rates ranged from 20.5 to 22.3 per 1000 children
aged <1 year in Scotland, Finland, Norway and Denmark, whereas in children aged 1–
4 years rates ranged from 1.25 to 2.24 per 1000 children

• Average annual RSV-coded admission rates ranged from 8.6 to 11.7 per 1000 children
aged <1 year in England, the Netherlands and Italy, whereas in children aged 1–4 years
rates ranged from 0.2 to 0.3 per 1000 children

• Annual average RSV-confirmed admission rates were 21.2 per 1000 children <1 year in
Scotland and 21.9 per 1000 children <1 year in Finland. For children aged 1–4 years,
RSV-confirmed admission rates were 1.6 per 1000 in Finland and 2.1 per 1000 in
Scotland

SVENSSON et al. (2015) [23]
Sweden

1764 • The age-specific incidence in infants under 1 year of age was 17.4 per 1000 per year,
and the incidence in children aged 1–4 years was 0.6 per 1000 per year

• The incidence for all children under 5 years of age was 4.2 per 1000 per year
• The risk of being hospitalised for RSV was 17.2 per 1000 live births during the first year
of life and 19.6 per 1000 live births before 5 years of age

BRITTON et al. (2020) [25]
NSW (Australia)

• Observed mean±SE frequency of RSV detections from April to June, 2020, was
94.3±22.8% lower than predicted on the basis of the underlying trend of 2015–2019
data (mean±SE absolute reduced frequency per epidemic month (ARF) 99±24; p=0.026)

REEVES et al. (2019) [30]
England

6758 • Annual average of 20 359 (95% CI 19 236–22 028) RSV-associated admissions in infants
in England from mid-2010 to mid-2012

• RSV-associated admissions peaked in infants aged 6 weeks, and those born September
to November

GLICK et al. (2017) [31]
USA

50 157 • Mean±SD RSV hospitalisation season onset (early November) was 3.3±2.1 weeks before
regional activity season onset (early December)

• Hospitalisation season offset (early May) was 4.4±2.4 (mean±SD) weeks after activity
season offset (mid-April)

THWAITES et al. (2020) [43]
Scotland

• Between December and January, RSV hospitalisations represented 8.5% of all
admissions; this increased to 14.2% between October and March

BUCHWALD et al. (2020) [44]
Mali

1871 • The incidence of RSV-associated hospitalisations was 45.6 per 1000 person-years

PELLETIER et al. (2021) [24]
USA

5 424 688 • Decrease in the number of RSV hospital admissions beginning in March 2020 compared
to years 2010 to 2019

• Admissions in April 2020 (23 798) were 45.4% lower than previous years, 2010–2019
(median=43 550)

Continued
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TABLE 1 Continued

Author (year) [ref.]/
location

Sample size Results

BENITEZ-GUERRA et al. (2020)
[45]
Mexico

294 • Overall, the hospitalisation rate for RSV-confirmed ARI was 62.6 per 1000 child-years of
follow-up

SARAVANOS et al. (2020) [19]
Australia

60 351 • Under 5s hospitalisation rate was 418 per 100 000 population; under 6 months it was
2224 per 100 000 population; the highest rate was for infants aged 0–2 months (2778
per 100 000 population)

WILDER et al. (2021) [26] 3631 • Bronchiolitis had fewer median hospitalisations per week in the COVID-19 cohort
compared with the pre-COVID-19 cohort: bronchiolitis (1 versus 7; p=0.008)

MENDES-DA-SILVA et al.
(2019) [46]
Portugal

80 491 • The mean admission rate was 26.28 and was higher in the northernmost regions of the
country

• Admission rate rose by an average of 1.6% per year (3.8% in children younger than
3 months) and the average length of stay was 6.1 days and decreased, to a minimum
of 5.5 days in 2014

RHA et al. (2020) [47]
USA

2969 • RSV-associated hospitalisation rates were 2.9 per 1000 children <5 years old and 14.7
per 1000 children <6 months old; the highest age-specific rate was observed in
1-month-old infants (25.1 per 1000)

LI et al. (2021) [48]
Global

1453 • The median number of RSV-associated ALRI hospitalisations in children younger than
5 years was 8.25 per 1000 (IQR 1.97–48.01), and the median rate of RSV-associated ALRI
hospitalisations was 514 (339–866) hospitalisations per 1000 children younger than
5 years

PRASAD et al. (2019) [49]
New Zealand

71 770 • The seasonal incidence of RSV-associated ARI hospitalisation without accounting for
non-tested children was 3.5 (95% CI 3.3–3.7) per 1000 children or 12.2 (95% CI 11.6–12.9)
per 1000 child-years at risk

GREENBERG et al. (2020) [50]
Israel

374 late preterm and 2948
term infants

• The mean yearly incidences per 1000 children of RSV bronchiolitis hospitalisations of
late preterm and term infants were 35.8±13.0 and 19.6±4.1, respectively (p=0.009)

• During RSV seasons the mean incidence rate ratio between groups was 1.82 (95% CI
1.60–2.08)

FUJIOGI et al. (2019) [51]
USA

490 650 • From 2000 to 2016, the incidence of bronchiolitis hospitalisation decreased from 17.9
to 13.5 per 1000 person-years in US children (25% decrease; p-value trend <0.001)

• In contrast, the proportion of bronchiolitis hospitalisations among overall
hospitalisations increased from 16% to 18%

KRAMER et al. (2018) [52]
France

21 930 • Incidence of RSV-associated hospitalisation in the first year of life per 1000 births was
14.5 (95% CI 13.4–15.6)

REEVES et al. (2017) [8]
England

• Annual RSV-associated RTI admission rates of 35.1 (95% CI 32.9–38.9) per 1000 children
<1 year of age and 5.31 (95% CI 4.5–6.6) per 1000 children 1–4 years of age

OAKLEY et al. (2017) [53]
Australia/New Zealand

3589 • ICU admission rates ranged from 4.1% to 9.1% with an average of 5.7%. There was
evidence of a difference between sites in the rates of ventilatory support use (p<0.001)

• Ventilatory support rates ranged from 2.8 to 5.9% across the sites with an average
of 4.5%

CROMER et al. (2017) [54]
England

• Estimated that RSV is responsible for 12 primary care consultations (95% CI 11.9–12.1)
and 0.9 admissions to hospital annually per 100 children younger than 5 years (95% CI
0.89–0.90)

• In children younger than 6 months, RSV accounted for more than half of all admissions
to hospital for acute respiratory conditions and for >70% of those admissions
occurring between October and January

SANCHEZ-LUNA et al.
(2016) [55]
Spain

1 328 563 discharges • The total number of yearly hospital discharges for RSV bronchiolitis (ICD-9 code
466.11) in children under 1 year ranged between 5997 (2005) and 8637 (2012)

• The hospitalisation rate (discharges per 1000 children under 1 year) for RSV
bronchiolitis increased over the period (from 19 to 24.9)

MUNOZ-QUILES et al.
(2016) [56]
Spain

198 223 • 5390 were hospitalised with the majority of hospitalisations occurring at <6 months of
age (incidence rate of 5.2 per 100 children <6 months per year) and 3106 of the
hospitalisations were RSV-positive (incidence rate 3.2 per 100 children <6 months per
year)

SAHA et al. (2015) [57]
India

505 • Annual incidence rates of RSV-associated hospitalisation per 1000 children were
highest among infants aged 0–5 months (15.2, 95% CI 8.3–26.8), followed by ages 6–
23 months (5.3, 95% CI 3.2–8.7) and lowest among children 24–59 months (0.5, 95% CI
0.1–1.5)

Continued
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TABLE 1 Continued

Author (year) [ref.]/
location

Sample size Results

HELFRICH et al. (2015) [58] • LPT infants had an absolute hospitalisation rate (AHR) of 2.5%, while term infants had
an AHR of 1.3% (p<0.001)

• The IDRSV of LPT and term infants was 12.1 and 7.8 per 1000 person-years,
respectively

OCHOA et al. (2014) [59]
Peru

335 • The incidence of RSV respiratory infections that required emergency room
management was 103.9 per 1000 child-years, and the incidence of RSV hospitalisations
was 116.2 per 1000 child-years (244.9 in infants with a birthweight <1000 g and 88.9 in
infants 1000–1500 g; p<0.05)

NASREEN et al. (2014) [60]
Bangladesh

12 850 • RSV was associated with 7.9 SARI hospitalisations per 100 000 person-weeks

MURRAY et al. (2014) [61] • 7189 hospital admissions with a diagnosis of bronchiolitis, 24.2 admissions per 1000
infants under 1 year (95% CI 23.7–24.8), of which 15% (1050/7189) were born preterm
(47.3 bronchiolitis admissions per 1000 preterm infants (95% CI 44.4–50.2))

BROOR et al. (2014) [29]
India

245 • RSV accounted for the highest virus-associated hospitalisation incidence (34.6 per
10 000, 95% CI 26.3–44.7) and 20% of hospitalisations

EMUKULE et al. (2014) [62]
Kenya

• The average annual incidence of RSV-associated SARI hospitalisation per 1000 persons
was 5.2 (95% CI 4.0–6.8) among children <5 years

• The incidence of RSV-associated medically attended ILI was 24.6 (95% CI 17.0–35.4)
among children <5 years and 0.8 (95% CI 0.3–1.9) among persons ⩾5 years

AMBROSE et al. (2014) [63]
USA

1646 • Rates of RSV-related MAARI, outpatient lower respiratory tract illness, emergency
department visits and hospitalisation (RSVH) during November to March were 25.4,
13.7, 5.9 and 4.9 per 100 infant-seasons, respectively

ROWLINSON et al. (2013) [64]
Egypt

5342 • The incidence of RSV-associated hospitalisation and outpatient visits was estimated at
24 and 608 (per 100 000 person-years), respectively

• Children aged <1 year experienced the highest incidence of RSV-associated
hospitalisations (1745 per 100 000 person-years)

NAORAT et al. (2013) [65]
Thailand

13 982 • The incidence of RSV-associated ALRI hospitalisation was 85 cases per
100 000 persons per year

• The highest rates occurred among children aged <5 years (981 cases per
100 000 persons per year) and <1 year (1543 cases per 100 000 persons per year)

MCCRACKEN et al.
(2013) [66]
Guatemala

6626 • The incidence of RSV-associated hospitalisation for ARI was highest among infants
aged <6 months (208 cases/10 000 persons per year)

• The incidence of RSV-positive clinic visitation for ARI was highest among infants aged
6–23 months (186 cases/10 000 persons per year)

EIDELMAN et al. (2009) [67]
Israel

• On average, 147±17 cases of RSV bronchiolitis were admitted annually in the
November–March RSV season, representing 7%–9% of admissions and 10%–14% of
hospital days

• There was a consistent male preponderance of admissions (55–64%) and 15–23% of
admissions were patients <1 month old.

• In peak months RSV cases accounted for as many as 40% of the hospitalised infants
and was the leading cause of over-occupancy (up to 126%) in the paediatric ward
during the winter

HALL et al. (2009) [68]
USA

919 • Overall, RSV was associated with 20% of hospitalisations, 18% of emergency
department visits and 15% of office visits for ARIs from November through April

• Average annual hospitalisation rates were 17 per 1000 children under 6 months of age
and 3 per 1000 children under 5 years of age

TONG et al. (2020) [69]
USA

41 610 536 person-years • The average incidence of all RSV-related healthcare utilisation between 2008 and 2014
was 2.4 per 1000 person-years, with mean incidence for each year of the study ranging
from 2.0 to 2.6 per 1000 person-years (RSV-specific rate: 1.5 per 1000 person-years
(mean rate for individual years ranging from 1.1 to 1.6 per 1000 person-years))

KUBALE et al. (2020) [70]
Nicaragua

833 • The incidence rate of symptomatic RSV was 248.1 cases per 1000 person-years (95% CI
223.2–275.7)

• While infants aged 6–11 months had the highest incidence of symptomatic RSV (361.3/
1000 person-years, 95% CI 304.4–428.8), infants <3 months had the highest incidence of
severe RSV (RSV-associated hospitalisations and/or severe ALRI)

UENO et al. (2019) [71]
Philippines

3817 • Incidence rates for children aged 2–23 months were 124.0 and 51.5 per 1000 child-years
for total RSV-LRTI and total severe RSV-LRTI, respectively

LRTI: lower respiratory tract infection; CCG: clinical commissioning group; ALRI: acute lower respiratory infections; RTI: respiratory tract infection;
ICU: intensive care unit; ICD-9: International Classification of Diseases, Ninth Revision; LPT: late preterm; IDRSV: incidence density rate for RSV
hospitalisation; SARI: severe acute respiratory infection; ILI: influenza-like illness; MAARI: medically attended acute respiratory infection; ARI: acute
respiratory infection.
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system for viruses in Austria by REDLBERGER-FRITZ et al. (2021) [27] also confirmed a rapid reduction in
RSV prevalence, a week after national lockdown measures were imposed in Austria in March 2020. The
study confirmed 19 RSV detections after lockdown compared to 82 (95% CI 65−104) (p<0.001)
detections observed in the equivalent period during the previous seasons [27]. Together, these studies
suggest an association between the introduction of COVID-19 social distancing and lockdown measures
and a reduction in burden of RSV hospitalisations amongst infants.

Seasonality of RSV infections (table 2)
A global study by PANGESTI et al. (2019) [28] established that generally in temperate countries located in
the Northern and Southern hemispheres, a peak of RSV admissions occurs in winter months, while in
subtropical and tropical countries, admissions peak mostly during the rainy season. The results of a
17-year Israeli study by GLATMAN-FREEDMAN et al. (2020) [20] reported that RSV-related hospitalisations
followed a clear seasonal pattern, in which the peak occurred in January for 14 seasons, in December for

TABLE 2 Studies on the seasonality of respiratory syncytial virus (RSV) hospitalisation

Author (year) [ref.]/
location

Sample
size

Results

CHUNG et al. (2020) [7]
Scotland

43 514 • RSV admissions peaked in infants aged 1 month, and in those born in the 3 months preceding
the peak bronchiolitis month – September, October and November

LEWIS et al. (2020) [16]
England

3 727 013 • Across CCGs, there was a 5.3-fold variation in incidence rates and the epidemic peak ranged from
week 49.3 to 52.2

• Admission rates were positively associated with area-level deprivation
LEWIS et al. (2020) [15]
England

3 717 329 • Identified some variation in the seasonality of admissions by socioeconomic position: increased
deprivation was associated with less seasonal variation and a slightly delayed epidemic peak

GLATMAN-FREEDMAN et al.
(2020) [20]
Israel

39 156 • RSV-related hospitalisations followed a clear seasonal pattern; the peak occurred in January for
14 seasons, in December for two seasons (2014/2015 and 2015/2016) and in February for one
season (2004/2005)

• A total of 11 RSV hospitalisation seasons started in October, five started in September (2000/2001,
2001/2002, 2002/2003, 2003/2004 and 2014/2015) and one started in November (2009/2010)

• A total of 10 RSV hospitalisation seasons ended in April, five in May (2000/2001, 2001/2002,
2002/2003, 2006/2007 and 2011/2012) and two in March (2007/2008 and 2008/2009)

REEVES et al. (2019) [30]
England

6758 • RSV-associated admissions peaked in infants aged 6 weeks, and those born September to
November

GLICK et al. (2017) [31]
USA

50 157 • Mean±SD RSV hospitalisation season onset (early November) was 3.3±2.1 weeks before regional
activity season onset (early December); mean±SD hospitalisation season offset (early May) was
4.4±2.4 weeks after activity season offset (mid-April)

• RSV hospitalisation and activity seasons lasted 18 to 32 and 13 to 23 weeks, respectively
• Nearly 10% of hospitalisations occurred outside of regional activity season (regional ranges:
5.6–22.4%)

BROOR et al. (2014) [29]
India

245 • RSV and influenza virus detection peaked in winter (November to February) and rainy seasons
(July), respectively

PANGESTI et al. (2019) [28]
Global (15 WPR
countries)

• Generally, temperate countries, both in the Northern and Southern hemispheres, experienced
their peak of the epidemic in the winter; in subtropical and tropical countries, the cases peaked
mostly in the rainy (wet) season

YU et al. (2019) [72]
China

4225 • Identified eight distinctive RSV seasons
• On average, the season onset occurred at week 41 (mid-October) and lasted 33 weeks, through
week 20 of the next year (mid-May); 97% of all RSV-positive cases occurred during the season

• RSV seasons occurred 3–5 weeks earlier and lasted ≈6 weeks longer in RSV subgroup A-dominant
years than in RSV subgroup B-dominant years

LEUNG et al. (2014) [73]
Hong Kong

4912 • Paediatric intensive care unit admissions were higher between October and March

DU PREL et al. (2009) [74]
Germany

• Influenza A, RSV and adenovirus were correlated with temperature and rhinovirus to relative
humidity

• In a time series model that included seasonal and climatic conditions, RSV-associated
hospitalisations were predictable

CHAN et al. (2015) [75]
Hong Kong

• The activity of RSV lasted longer than influenza, spreading through week 8 to 40 (late-February
to late-September) with annual peaks occurring either in week 10 to 15 (early-March to
mid-April) or week 29 to 38 (mid-July to mid-September)

CCG: clinical commissioning group; WPR: World Health Organization Western Pacific Region.
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two seasons (2014/2015 and 2015/2016) and in February for one season (2004/2005). In India, BROOR

et al. [29] observed RSV detection to peak in winter (November–February) and in rainy seasons.

Three studies in the UK produced similar findings, with a peak in admissions seen in infants born during
the winter months of September to December [7, 15, 16]. REEVES et al. (2019) [30] found that
RSV-associated admissions peaked in infants born in September to November. Similarly, CHUNG et al.
(2020) [7] found that RSV admissions peaked in infants born in the 3 months preceding December, the
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FIGURE 2 Annual respiratory syncytial virus (RSV)-associated hospitalisation rate per 1000 infants, broken
down by age. Please note that the age group brackets of the included studies differ.
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month when cases of bronchiolitis are highest. Across the Clinical Commissioning Groups in England,
LEWIS et al. (2020) [16] found there was a 5.3-fold variation in incidence with area-level deprivation and
the epidemic peak ranged from week 49.3 to 52.2. A study by GLICK et al. (2020) [31], comparing
paediatric RSV hospitalisations with regional RSV activity in the USA, produced similar findings to the
British studies and confirmed that the mean RSV hospitalisation season fell in early November.

Furthermore, in the study by REEVES et al. (2020) [22], biennial peaks were seen in RSV-coded admission
rates for Finland, Norway and Denmark, with a higher admission rate one year followed by a lower rate in
the next. This shows a clear pattern of seasonality within RSV that should enable a country to predict the
approximate timeframe in which an increased number of infections and hospitalisations might occur.

Discussion
This scoping review provides an overview of the global trends in RSV-associated detections and
hospitalisations reported in the literature since 2009 to present. RSV hospitalisations have been widely
studied, given the impact on infant mortality and financial burden on healthcare systems. We located
studies from Mali, Nicaragua, Philippines, Spain, England, Israel, Hong Kong, Austria, USA and beyond
to inform trends amongst individuals from diverse and varied socioeconomic backgrounds.

The results of our review indicate that the incidence of RSV hospitalisations has been increasing
longitudinally and that the highest number of hospitalisations is reported in 0–2-month-old infants. GREEN

et al. (2016) [13] suggest that the general increase in bronchiolitis admissions may not be due to changes
in the severity or transmissibility of RSV but to changes to healthcare; changes in healthcare policies such
as admission thresholds, as well as an increase in hospital bed availability, have been suggested as drivers
of the increase, rather than a true increase in incidence. TUMBA et al. (2020) [14] suggest that the increase
is down to external factors, speculating that the increase in bronchiolitis hospitalisations seen in Brazilian
children could be due to an increase in caesarean sections being performed, prematurity rates and increased
urbanisation. Premature babies are prone to developing incomplete lung function and are more susceptible
to respiratory problems [14]. NENNA et al. (2017) [32] found both indoor and outdoor pollution to be risk
factors for acute bronchiolitis in infants aged <3 years old. In addition, a study by ROBLEDO-ACEVES et al.
(2018) [33] showed that neonatal infection with other respiratory viruses, including rhinovirus, were risk
factors for bronchiolitis. HARDELID et al. (2019) [21] reported premature birth, having older siblings,
maternal age <30, low socioeconomic status and delayed infant vaccination as risk factors significantly
associated with increased RSV hospitalisation. Additionally, CARBONELL et al. (2012) [34] found that male
sex, tobacco smoking while pregnant, month of birth, duration of breastfeeding, number of siblings at
school and number of smokers in a household all contributed to the risk of RSV hospitalisation amongst
infants. Similar risk factors were associated with the need for mechanical ventilation and supplemental
oxygen in a prospective cohort study of 299 RSV-positive infants admitted to the Alder Hey Children’s
Hospital, Liverpool [35].

We also found some evidence for an association between socioeconomic status, deprivation and RSV
admissions; early RSV epidemic peaks have been associated with areas of higher population densities,
such as London and Manchester in England [15] and in Scotland [7].

The reduction in RSV-associated hospitalisations during the COVID-19 pandemic can possibly be
attributed to the implementation of public health interventions to prevent or reduce the transmission of
SARS-CoV-2 [25–27, 36]. Handwashing and isolation are known effective measures against nosocomial
RSV transmission. A very high uptake (>84%) of enhanced hygiene and physical distancing measures
could explain the large reduction in RSV incidence and hospitalisation reported in Australia in March 2020
[25]. Significant reductions in other diseases associated with social distancing measures were also reported,
e.g. in overall hospitalisations for bronchiolitis, pneumonia and asthma during the initial SARS-CoV-2
outbreak, compared with the same calendar period in the 4 previous years [26]. By contrast, there was no
change in hospitalisations for those conditions, such as cellulitis, gastroesophageal reflux disease and
urinary tract infection, not known to be associated with viral infections and social distancing
measures [26].

CHUNG et al.’s (2020) [7] study of bronchiolitis amongst children under 2 years of age in Scotland
concluded that the increase in bronchiolitis admissions may be due to similar factors which have
contributed to an increase in all paediatric hospital admissions in Scotland: infants attending day-care at
younger age (resulting in an earlier exposure to pathogens); a decrease in out-of-hours care availability due
to changes of GP practice contracts; and changes in parental expectations of treatment. Given the varying
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healthcare and social systems across the globe, these reasons might not be generalisable elsewhere but do
provide potential insights.

REDLBERGER-FRITZ et al. (2021) [27] state that the Austrian national lockdown led to 70% reduction of
mobility and had a significant impact on the prevalence of respiratory viruses in Austria, including RSV.
The study also cites BELINGHERI et al. (2020) [36] confirming that lockdown measures led to a reduction in
epidemic diseases of childhood in Italy, including chickenpox, rubella, pertussis and measles. The
reductions are attributed to the forced lockdown, closure of schools and public meeting places and the
intensive use of masks in the general population leading to a reduction in inhalation of airborne respiratory
droplets [36]. The study also highlights that a reduction in viral diseases during the pandemic could be a
result of a decrease in individuals visiting emergency departments due to the fear of being infected at the
hospital [36]. However, the global reduction in RSV hospitalisations of such a magnitude cannot be solely
attributed to individuals avoiding emergency care. Hence, one can conclude that the preventative measures
in place for COVID-19 also curbed the transmission of other viral diseases, including RSV.

Our findings suggest that there is a distinct seasonal pattern to RSV incidence and RSV hospitalisations,
with a peak in RSV infections observed during the winter in temperate regions; however, there is no
general agreement as to why this occurs. It has been suggested that this may be due to a link between
temperature and RSV infection [37], or the inhalation of the air in cold temperatures causing nasal
passages to cool thus inhibiting their respiratory defence [38]. However, it has also been argued that the
seasonal peaks of RSV are associated with higher environmental temperature [39] or the crowding of
susceptible individuals indoors during cold winter weather leading to greater transmission of respiratory
viruses [40]. Relative humidity and rainfall have also been suggested to affect RSV activity [37, 39, 41].

Having older siblings at nursery or school has also been identified to increase the risk of RSV
hospitalisation. Attending closed settings outside of the home increases infection risks through greater
contact with other children [21, 42].

This review has a number of limitations. Since this is a scoping review, the literature search may have
missed some relevant publications within grey literature and articles from the Cochrane Library that might
encompass further eligible studies. We also could not provide cumulative means for the trends in
hospitalisations as we were unable to extract data from all the studies. None of the eligible studies were
critically appraised and might include biases owing to respective study designs, definitions and sources of
data. Definitions for hospitalisation may vary from study to study and among countries. We also have not
grouped the studies/findings based on low-, middle- and high-income countries.

Conclusion
Evidence strongly suggests that RSV hospitalisation amongst children aged ⩽5 years has increased in the
past decade and follows a distinct seasonal pattern. The highest number of hospitalisations was reported in
the 0–2-month-old age group. When comparing the <1-year-old age group with the 1–5-year-old group,
hospitalisations were considerably higher in the infants <1 year old. RSV hospitalisation rates decreased
with the introduction of social distancing measures; in some cases a reduction of up to 94.3% as compared
with previous years has been reported. As countries have begun to lift restrictions, emerging reports of
spikes in RSV hospitalisations from Australia, Austria and the UK are concerning. Countries have also
reported out of season spikes, with the southern states of the USA reporting a spike in the summer months
of 2021, at variance with the predictable seasonality of RSV in the Northern Hemisphere. Furthermore,
with older siblings returning to school, infants born during lockdowns, particularly those born prematurely,
will be highly prone to contracting RSV from their siblings. Further research is required to understand the
changes in the epidemiology of RSV due to waves of COVID-19 restrictions and subsequent easements to
support planning for increased demands on often already overburdened paediatric intensive care and
medical services.
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