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Background: Preventive measures applied during the COVID-19 pandemic have modified the age distri-
bution, the clinical severity and the incidence of Respiratory Syncytial Virus (RSV) hospitalisations during
the 2020/21 RSV season. The aim of the present study was to estimate the impact of these aspects on
RSV-associated hospitalisations (RSVH) costs stratified by age group between pre-COVID-19 seasons
and 2020/21 RSV season.
Methods: We compared the incidence, the median costs, and total RSVH costs from the national health
insurance perspective in children < 24 months of age during the COVID-19 period (2020/21 RSV season)
with a pre-COVID-19 period (2014/17 RSV seasons). Children were born and hospitalised in the Lyon
metropolitan area. RSVH costs were extracted from the French medical information system
(Programme de Médicalisation des Systémes d’Information).
Results: The RSVH-incidence rate per 1000 infants aged < 3 months decreased significantly from 4.6 (95 %
CI [4.1; 5.2]) to 3.1 (95 % CI [2.4; 4.0]), and increased in older infants and children up to 24 months of age
during the 2020/21 RSV season. Overall, RSVH costs for RSVH cases aged below 2 years old decreased by
€201,770 (31 %) during 2020/21 RSV season compared to the mean pre-COVID-19 costs.
Conclusions: The sharp reduction in costs of RSVH in infants aged < 3 months outweighed the modest
increase in costs observed in the 3–24 months age group. Therefore, conferring a temporal protection
through passive immunisation to infants aged < 3 months should have a major impact on RSVH costs
even if it results in an increase of RSVH in older children infected later in life. Nevertheless, stakeholders
should be aware of this potential increase of RSVH in older age groups presenting with a wider range of
disease to avoid any bias in estimating the cost-effectiveness of passive immunisation strategies.

� 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Respiratory syncytial virus (RSV) is, worldwide, the leading
cause of lower respiratory tract infections (LRTI) in infants and
the leading cause of hospital admissions in children < 1 year of
age [1]. It can cause severe complications such as bronchiolitis
and pneumonia, and patients may present acute respiratory dis-
tress that could require hospitalisation [2]. The risk of complica-
tions is higher in infants < 3 months of age [3–5].
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The annual RSV epidemic in France resulted in a mean 45,225
RSV-associated hospitalisations (RSVH) in children < 5 years of
age per season (October-March) during the 2010–2018 period,
resulting in high direct costs per season to the healthcare system
[6]. Direct costs of RSVH during the 2017–18 RSV season in France
were estimated to be €124.1 million, with infants < 1 year of age
accounting for 80 % of the economic burden and half of them were
infants < 3 months of age [6]. This finding may be explained by the
greater number of cases in these age groups and longer hospital
stay, as described elsewhere [4,6–7]. The mean cost for RSVH per
infant < 1 year of age in the Lyon metropolitan area (approximately
1.4 million inhabitants) was previously estimated to be €3,973 in
the 2014–2017 period [8]. These costs were even higher for infants
younger than three months of age or born prematurely (<37 weeks
of gestational age) [8], which can be explained by disease risk
being partly age-dependant, related to the development of respira-
tory tract and maturity of immune system [7,9–10].

Non-pharmaceutical interventions (NPIs) implemented due to
COVID-19 pandemic have had a great impact on RSV transmission
as previously reported in different European countries [11–12]. As
a consequence, the majority of the European countries, observed
atypical RSV epidemics that started later and affected older chil-
dren [13]. An explanation for these observations is that the delayed
epidemics increased the susceptible fraction of the population and
infants were exposed to RSV at an older age [11]. In France, an
increase in the proportion of hospitalised cases aged >3 months
and up to 5 years during the 2020/2021 atypical RSV season was
reported in the Rhône-Loire metropolitan area (part of the
Auvergne-Rhône-Alpes region) [14] and in the Parisian area [15].

As indicated above, younger age at the time of infection is asso-
ciated with greater clinical severity, longer hospital stays or ICU
admission, which in turn can be associated with higher costs. So
far, there are no published data on how the age shift in hospitali-
sations observed during this atypical RSV 2020/21 season affected
direct hospitalisation costs. This may be of great interest, since the
temporary protection conferred by passive immunisation may also
lead to an increase in the age at first infection [16]. This has been
the subject of mathematical modelling studies that evaluated the
cost-effectiveness of passive immunisation using maternal vacci-
nes and mAbs and reported a reduction in the number of hospi-
talised young infants who represent the highest costs [17–19];
inducing an age shift of hospitalised children towards older age
groups [16,18]. However, there is no real-word evidence as these
passive immunisation strategies have not been implemented yet
on a wide scale (i.e. all infants at the beginning of the season).

The aim of the present study was to estimate the impact of age
distribution, the clinical severity, and the incidence of RSVH on
hospitalisation costs stratified by age group between pre-COVID-
19 seasons and 2020/21 RSV season.
2. Methods

2.1. Study design and population

This observational cohort study included data from four cohorts
of children born in the three main public hospitals of the
metropolitan area of Lyon (part of the Auvergne-Rhône-Alpes
region). Data were collected retrospectively from the Hospices
Civils de Lyon (HCL) database (2013/2015, 2014/2016, 2015/2017
and 2019/2021). The present study included data previously
reported by Kramer et al. for the 2014–2017 period and who
included children < 12 months of age [8]; for the present study this
was complemented by the collection of data for those aged 12–
24 months. For 2013/2015, 2014/2016 and 2015/2017 cohorts,
the birth period considered was between 1 June and 31 May, and
3797
for 2020/21 cohort between 1 September and 31 August, to take
into account the observed 3-month delay in the 2020/21 seasonal
epidemic [13]. RSV cases detected between 01/09/2014–
31/05/2015, 01/09/2015–31/05/2016 and 01/09/2016–
31/05/2017 were included in 2014/15, 2015/16 and 2016/17 RSV
pre-COVID-19 seasons, respectively. RSV cases detected between
01/12/2020 to 31/08/2021 were included in the 2020/2021 atypi-
cal RSV season.

A RSV case was defined as a child hospitalised during the RSV
season in the first two first years of life during the study period
and confirmed by real-time reverse transcriptase (RT)-PCR. Charac-
teristics of children hospitalised for RSV were extracted from the
HCL database: age, sex, prematurity (defined as < 37 weeks of ges-
tational age), parity (primiparous vs multiparous), and type of ges-
tation (single or multiple).

2.2. Epidemiological indicators

The incidence rate of RSVH for each cohort was estimated by
the number of RSVH per 1000 person-months for each RSV season.
For the incidence rate calculation, the children at risk during the
specific season (<2 years of age) of the corresponding cohort were
used as denominator, i.e. for the 2014/15 RSV season those of the
2013/15 cohort.

2.3. Costs and length of stay

Costs are presented from the national health insurance perspec-
tive. Direct medical RSVH costs per stay and per patient charged by
the hospital to the national health insurance were extracted from
the French medical information system (Programme de Médicalisa-
tion des Systémes d’Information), along with the length of stay [6].
The costs were adjusted to 2021 euro value by applying the con-
sumer price index in mainland France. Briefly, costs per stay and
per patient are mainly determined by the Diagnosis Related Group
(DRG), the severity grade, ICU admission, the presence of comor-
bidities, and the length of stay. RSVH costs were extracted individ-
ually from the three main public hospitals of the metropolitan area
of Lyon. Detailed costs were not provided, and only the DRG, sever-
ity grade and the total costs charged for the stay were retrieved.
Patients with outlier values showing a cost 4 SD above the mean
or who underwent major surgery were removed from the costs
and length of stay calculations.

2.4. Statistical analysis

Frequencies of RSV cases between the two periods according to
different characteristics were compared by using the Chi-squared
test or Fisher’s exact test, and length of stay and costs expressed
as median and interquartile range [IQR] were compared between
age groups and periods using the Mann-Whitney U test. Bonferroni
correction was applied for further pairwise comparisons. All tests
were conducted using R software version 4.1.2. (R Development
Core Team, 2022), and a p-value of 0.05 was defined as the cut-
off for statistical significance.

2.5. Ethics statement

This observational study was approved by the Institutional
Review Board of the Hospices Civils de Lyon (AGORA-502 IpCoVRS;
CSE-HCL – IRB 00013204; date: 26/05/2021) and the data were
anonymised before the research team had access to them. In accor-
dance with national regulations, parents were informed about the
study if their children’s data were used. An information sheet was
sent to parents by postal mail and they were given the opportunity
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to refuse their children’s participation in the study; these were
excluded.
3. Results

The number of births included in the cohorts of the RSV seasons
2014/15–2016/17 ranged from 18,076 to 18317, and for the
2020/21 season cohort 17,561 births were included. The median
age of hospitalised children was significantly lower in the
2014/17 RSV seasons (2.2 months, IQR [1.1–4.8]) compared to
the 2020/21 season (3.3 months, IQR [1.7–8.0]; p < 0.001; Table 1).

There was significant decrease in the incidence rate per 1000
person-months among those aged < 3 months in 2020/2021 com-
pared to the pre-COVID-19 period (from 4.6, 95 % CI [4.1; 5.2] to 3.1
95 % CI [2.4; 4.0]; p = 0.003), and a significant increase among those
aged 3–24 months (from 0.48, 95 % CI [0.41; 0.56] to 0.66, 95 % CI
[0.52–0.84]; p = 0.02; Table 2). Among those aged < 6 months a
non-significant decrease in the incidence rate in 2020/2021 com-
pared to the pre-COVID-19 period was observed (from 3.0, 95 %
CI [2.7; 3.3] to 2.4 [1.9–2.9]; p = 0.052), and a significant increase
among those aged 6–24 months (from 0.30, 95 % [0.24; 0.37] to
0.46, 95 % CI [0.33; 0.62]; p = 0.03; Suppl. Table 1).

In the pre-COVID-19 period, the median RSVH costs per child
among those aged < 3 months (€2955, IQR [2343–5164]) was sig-
nificantly higher than among those aged 3–24 months (€2907, IQR
[901–3665]; p < 0.001), as was the case in the 2020/2021 season
Table 1
Characteristics of children < 2 years of age hospitalised during the pre-COVID-19 RSV sea

RSV season 2014/2015 2015/2016 2

RSVHa, n 153 169 1
Total births, n 18,077 18,076 1
Age (months), median [IQR] 2.1

[1.1–5.3]
2.1
[1.0–3.4]

2
[

Sex, n ( %)
Female 63 (41.2) 78 (46.2) 7
Male 90 (58.8) 91 (53.8) 6

Gestational age, n ( %)
<37 weeks 25 (16.3) 39 (23.1) 2
�37 weeks 128 (83.7) 130 (76.9) 1

Parityb, n ( %)
Primiparity 22 (14.4) 35 (28.7) 3
Multiparity 92 (60.1) 87 (71.3) 6

Type of pregnancy, n ( %)
Simple gestation 139 (90.8) 146 (86.4) 1
Multiple gestation 14 (9.2) 23 (13.6) 5

a RSV-associated hospitalisations.
b 39 patients with no data available in 2014/15, 47 in 2015/16, 37 in 2016/17 and 35
c Comparison between RSV seasons pre-COVID-19 (Total 2014/2017) and the 2020/20

Table 2
Incidence rate of RSV-hospitalisations stratified by age group between pre-COVID-19 peri

Age group RSV seasons 2014/17a

Incidence rate per 1000 person-months [95 %CI]

<3 months 4.6 [4.1; 5.2]
�3-12 months 0.72 [0.61; 0.86]
�12-24 months 0.20 [0.14; 0.29]
�3-24 months 0.48 [0.41; 0.56]
Overall 1.11 [1.0; 1.2]

a 2014–2017 pre-COVID-19 RSV seasons from 1 September to 31 May, and birth coho
b RSV 2020/21 season from 1 December 2020 to 31 August 2021 and birth cohort 201
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(€3363, IQR [2389–5420] vs. €2389, IQR [697–3363]; p < 0.001).
There was also a significantly lower median length of stay, both
in the pre-COVID-19 period, respectively 5 days (IQR [3–8]) vs.
4 days (IQR [1–7], p = 0.007), and in the 2020/2021 RSV season,
respectively 5 days (IQR [3–8] to 3 days (IQR [1–6], p < 0.001).
There was no significant difference between periods in the median
total costs per child aged < 3 months (p = 0.79), and a significant
decrease in the median total costs per child aged 3–24 months
(p = 0.004), even though there were no differences in the median
length of stay (p > 0.05; Table 3). The median RSVH costs for pre-
term infants was higher (€3479, IQR 2803–9240 for pre-COVID-
19 period, and €4137, IQR 2438–5449, during COVID-19 period)
compared to full-term infants in both periods (respectively,
€2934, IQR 912–4312, p < 0.001; and €2537, IQR 844–3363,
p = 0.006). More than 70 % of patients were coded in as bronchioli-
tis in children aged < 12 months during the pre- and COVID-19
periods (71.9 % and 83.5 % respectively) and, conversely, more than
70 % were coded as pathologies other than bronchiolitis in children
aged 12–24 months (71.9 % and 89.5 % respectively).

Total RSVH costs decreased by €191,428 (41.6 %) among those
aged < 3 months in the 2020/21 RSV season compared to the mean
total costs per season pre-COVID-19. In children aged 3–24months,
there was no major impact between periods (€10,342 [5.4 %]
reduction in 2020/21 RSV season). Independently of age, the total
RSVH costs decreased by €201,770 (31.0 %) in the 2020/21 RSV sea-
son compared to the mean total costs per season pre-COVID-19
(Table 3).
sons (2014/17) and the 2020/21 RSV season from the birth cohorts of the study.

016/2017 Total 2014/2017 2020/2021 p-valuec

32 454 134
8,317 54,471 17,561
.6
1.4–5.3]

2.2
[1.1–4.8]

3.3
[1.7–8.0]

<0.001

0 (53.0) 211 (46.5) 61 (45.2) 0.87
2 (47.0) 243 (53.3) 74 (54.8)

6 (19.7) 90 (19.8) 27 (20.0) 1.0
06 (80.3) 364 (80.2) 108 (80.0)

0 (30.9) 87 (26.1) 25 (25.5) 1.0
7 (69.1) 246 (73.9) 73 (74.5)

27 (96.2) 412 (90.7) 122 (90.4) 1.0
(3.8) 42 (9.3) 13 (9.6)

in 2020/21.
21 RSV season, Chi-squared test.

od (2014/17 RSV seasons) and COVID-19 period (2020/21 RSV season).

RSV season 2020/21b p-value

Incidence rate per 1000 person-months [95 %CI]

3.1 [2.4; 4.0] 0.003
0.93 [0.71; 1.2] 0.14
0.36 [0.23; 0.58] 0.06
0.66 [0.52–0.84] 0.02
1.02 [0.86; 1.2] 0.40

rts 2013/15, 2014/16 and 2015/17 from 1 June to 31 May two years later.
9/2021 from 1 September 2019 to 31 August 2021.



Table 3
Length of stay and RSV-hospitalisation costs stratified by age group between pre-COVID-19 period (2014/17 RSV seasons) and COVID-19 period (2020/21 RSV season).

Age group RSV seasons 2014/17a RSV season 2020/21b Difference in
total costs, €, %

Median length of stay
per patient, days [IQR]

Median cost per
patient, € [IQR]

Mean total costs
per seasonc, €

Median length of
stay, days [IQR]

Median cost per
patient, € [IQR]

Total costs, €

<3 months 5 [3–8] 2955
[2343–5164]

459,772 5 [3–8] 3363
[2389–5420]

268,344 �191,428,
�41.6

�3-12 months 4 [1–7] 2907
[901–3479]

136,337 3 [2–6] 2405
[844–3363]

142,517 +6,180,
+4.5

�12-24 months 3.5 [1–9] 3041
[908–4216]

53,729 2 [1–4] 1042
[504–3258]

37,207 �16,522,
�30.8

�3-24 months 4 [1–7] 2907
[901–3665]

190,066 3 [1–6] 2389
[697–3363]

179,724 �10,342,
�5.4

Overall 4 [2–8] 2955
[1047–4529]

649,838 4 [2–7] 2537
[844–3544]

448,068 �201,770,
�31.0

a 2014–2017 pre-COVID-19 RSV seasons from 1 September to 31 May, and birth cohorts 2013/15, 2014/16 and 2015/17 from 1 June to 31 May two years later; two patients
with outlier values showing a cost 9 SD above the mean who underwent major surgery were removed from the costs and length of stay calculations.

b RSV 2020/21 season from 1 December 2020 to 31 August 2021 and birth cohort 2019/2021 from 1 September 2019 to 31 August 2021.
c Mean total costs for the 2014/15, 2015/16 and 2016/17 seasons.
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4. Discussion

In the present study we observed a reduction in the overall inci-
dence of RSVH and associated costs in children at higher risk for
severe RSV infection (<3 months of age) in Lyon during the first
RSV season after the COVID-19 pandemic compared to previous
seasons. Despite the increased incidence in children aged 3–
24 months, it did not have a significant impact on total hospitalisa-
tion costs. Therefore, this age shift in the incidence of RSVH was
associated with a relative decrease in hospitalisation costs by more
than a third, corresponding to more than €200,000.

The reduction of the incidence of RSVH in infants < 3 months of
age strongly impacted the total hospitalisation costs, since this
group usually requires longer stays, more ICU admissions and
mechanical ventilation [7–8]. The mean cost of RSVH in infants
aged < 3 months were similar to those estimated by Demont
et al. in France between 2010 and 2018 [6], and slightly below
the mean cost estimated in a meta-analysis of 41 countries in Eur-
ope, North America, and Australia [20]. However, we also observed
a significant increase in the proportion of RSV patients hospitalised
aged 3–24 months in the 2020/2021 season, as previously
described in the same region of France [13]. The median costs
decreased in older age groups in both periods due to shorter length
of stay and lower clinical severity, as they are less prone to severe
RSV complications [21]. However, it was not possible to explore
whether this was related to more frequent ICU admission as,
although this contributes to the calculation of costs, we were
unable to identify the proportion of costs associated with ICU
admission. We also observed a larger difference between the med-
ian costs in both periods, perhaps related to the smaller sample
size during the COVID-19 period and differences in the coding of
different clinical presentations according to age. The increase in
the incidence of RSVH in children aged 3–24 months did not have
a major impact on the total costs in the present study. Neverthe-
less, we did observe a major increase in DRG coded as pathologies
other than bronchiolitis in children aged 12–24 months. Similarly,
a Danish nationwide cohort study found an increase in hospital
admissions among children 24–59 months of age with atypical
RSV-complications other than classic bronchiolitis during the
2021–21 RSV season, of which clinicians need to be aware of and
strength the surveillance in these age groups for correct identifica-
tion and treatment [22].

Passive immunoprophylaxis is expected to lead to a greater
reduction in the incidence of RSVH compared to NPIs in
infants < 3 months of age. The age shift observed in the present
3799
study partially aligns with a modelling study that estimated that
nirsevimab may reduce the number of LRTI caused by RSV
between 49.7 % and 51.9 % among infants aged < 6 months and
cause a modest increase of LRTI in children aged 12–24 months
during their second season [16]. Similarly, van Boven et al. pre-
dicted that maternal vaccination would reduce the incidence of
infection in infants in the first year of life but would lead to a
slight increase in those aged 1–4 years [23]. This age shift of
RSVH towards older children is of concern, but, as observed
herein, it is unlikely that it would have a major impact on costs.
However, these older and potentially milder cases may be
absorbed by primary care and not captured by surveillance sys-
tem. In this regard, enhanced surveillance in older children and
systematic RSV laboratory confirmation should be encouraged
to avoid any reporting bias.

One of the major strengths of the present study is that it
included laboratory confirmed cases and covered the second lar-
gest metropolitan area in France, which can be a good approxima-
tion for the rest of the country. One limitation of the study could be
that that the RSV seasons prior to the COVID-19 period, between
2017 and 2020, were not assessed. However, this would not affect
the results and conclusions of the study, as the objective was to
compare a period before and after the implementation of the NPIs
due to COVID-19. In this sense, there was also a similar age shift
between the 2018/19–2019/20 and 2020/21 RSV seasons as
described elsewhere [14]. In addition, the RSV subtype might also
be associated with less severe clinical disease during the RSV
2020/21 season, however, the predominant subtype in Lyon during
the 2020/21 RSV season was RSV-A (90 % of isolates) [14], which
has been associated with greater severity [24]. Healthcare-
seeking behaviour might have changed due to the COVID-19 pan-
demic, but we believe that this would not have affected the study
population that included children < 2 years of age who required
hospitalisation. Furthermore, it is important to mention that we
cannot exclude an increase in outpatient costs, linked to an
increase in the frequency of milder disease, as we only evaluated
direct costs of hospitalisation.

In conclusion, this observational study highlights how a 1.5-fold
increase in the median age of RSVH with a decrease in incidence in
the youngest infants had a significant impact on the reduction of
total seasonal hospitalisation costs. Hence, future passive immuni-
sation strategies that aim to reduce the incidence in young infants,
and indirectly may lead to an increase in the incidence of RSVH in
older age groups as observed in the present study, would also
reduce the overall RSVH costs in children aged < 2 years. However,
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stakeholders should be aware of this potential increase of RSV
cases in older age groups with a wider range of clinical presenta-
tions to avoid any bias in estimating the cost-effectiveness of pas-
sive immunisation strategies.
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