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ABSTRACT

Introduction: Respiratory syncytial virus (RSV)
causes a substantial disease burden among
infants. In older children and adults, incidence
is underestimated due to nonspecific symptoms
and limited standard-of-care testing. We aimed
to estimate RSV-attributable hospitalizations
and deaths in Spain during 2016-2019.

Methods: Nationally representative hospital-
ization and mortality databases were obtained
from the Ministry of Health and the National
Statistical Office. A quasi-Poisson regression
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model was fitted to estimate the number of
hospitalizations and deaths attributable to RSV
as a function of periodic and aperiodic time
trends and viral activity, while allowing for
potential overdispersion.

Results: In children, the RSV-attributable respi-
ratory hospitalization incidence was highest
among infants aged 0-5months (3998-5453
cases/100,000 person-years, representing 72%
of all respiratory hospitalizations) and decreased
with age. In 2019, estimated rates in children
0-5, 6-11, 12-23 months and 6-17 years were
approximately 1.3, 1.4, 1.5, and 6.5 times
higher than those based on standard-of-care
RSV-specific codes. In adults, the RSV-at-
tributable cardiorespiratory hospitalization rate
increased with age and was highest among
persons > 80 years (1325-1506 cases/100,000,
6.5% of all cardiorespiratory hospitalizations).
In 2019, for persons aged 18-49, 50-59, 60-79,
and > 80 years, estimated rates were approxi-
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mately 8, 6, 8, and 16 times higher than those
based on standard-of-care RSV-specific codes.
The RSV-attributable cardiorespiratory mortal-
ity rate was highest among > 80 age group
(126-150 deaths/100,000, 3.5-4.1% of all car-
diorespiratory deaths), when reported mortality
rate ranged between O and 0.5/100,000.
Conclusions: When accounting for wunder-
ascertainment, estimated RSV-attributable hos-
pitalizations were higher than those reported
based on standard-of-care RSV-specific codes in
all age groups but particularly among older
children and older adults. Like other respiratory
viruses, RSV contributes to both respiratory and
cardiovascular complications. Efficacious RSV
vaccines could have a high public health impact
in these age and risk groups.
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Why carry out the study?

Respiratory syncytial virus (RSV) causes a
substantial disease burden among infants.
In older children and adults, incidence is
underestimated due to nonspecific
symptoms and limited standard-of-care
testing.

We aimed to estimate RSV-

attributable hospitalizations and deaths in
Spain during 2016-2019 using a quasi-
Poisson regression model.

What was learned from the study?

Estimated respiratory RSV rates in children
were up to 6.5 times higher than those
based on standard-of-care RSV-specific
codes.

Estimated cardiorespiratory RSV rates in
adults were up to 16 times higher than
those based on standard-of-care RSV-
specific codes.

When accounting for under-
ascertainment, estimated RSV-
attributable hospitalizations were
substantially higher than those reported
in all age groups but particularly among
older children and older adults.

Our study also indicates that, like other
respiratory viruses such as influenza and
SARS-CoV-2, RSV may contribute to both
respiratory and cardiovascular
complications in adults.

Efficacious RSV vaccines could have a high
public health impact in these age groups.

INTRODUCTION

Respiratory syncytial virus (RSV) causes a sub-
stantial disease burden, typically with an
annual seasonality, peaking during the autumn/
winter months in temperate climates [1]. High-
risk groups for severe infection include young
children and older adults, particularly those
with underlying cardiorespiratory conditions
[2, 3]. Approximately 33 million annual RSV
cases occur globally in children < 5 years, of
which 11% are hospitalized [4]. Among older
adults, an estimated 787,000 RSV-related hos-
pitalizations are projected to be occurring
annually in high-income countries alone [5]. In
Spain, RSV-related hospitalization rates were
reported to be between 2500 per 100,000 pop-
ulation [6] in children aged < 1 year and 1.7 per
100,000 population [7] in adults
aged > 60 years, based on the count of RSV-
specific hospital discharge codes. However,
these estimates are likely many fold below the
true burden for older children and adults due to
methodological limitations [8, 9]. Although
RSV infection is frequently diagnosed in
infants, the disease burden in older children
and adults is mostly underestimated due to
nonspecific symptoms, limited standard-of-care
testing among adults, inadequate diagnostic
capacity and lower sensitivity of tests compared
to infants [8, 10-17]. In addition, several studies
reported that RSV infection not only causes
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respiratory diseases but often generates new
events or acute exacerbations of chronic car-
diovascular diseases (such as congestive heart
failure, acute coronary syndrome, and arrhyth-
mias) [18-20], which are not typically consid-
ered when assessing RSV burden. Therefore, the
estimates based on laboratory-confirmed RSV
cases generally underestimate the incidence.

To overcome this limitation, several retro-
spective statistical model-based approaches
have been developed to estimate the burden of
RSV disease wusing secondary data sources
[21-31]. These models indirectly estimate the
proportion of a health outcome attributable to
RSV by examining the relationship between
changes in the viral activity indicator (e.g.,
laboratory-confirmed cases or virus-specific
hospitalizations) and the corresponding chan-
ges in the incidence of the health outcome.
Studied outcomes ranged from very broad (e.g.,
all-cause hospitalizations, all-cause mortality)
[26, 32] to more specific (e.g., bronchitis/bron-
chiolitis hospitalizations, influenza/pneumonia
deaths) [25, 33]. These estimates are substan-
tially closer to prospective study estimates than
incidence estimates based on standard-of-care
testing and RSV-specific ICD-10 codes [34].

In this study, we aimed to estimate the RSV-
attributable incidence of cardiorespiratory hos-
pitalizations and deaths in Spain between 2016
and 2019 by applying comprehensive statistical
modeling.

METHODS

Study Design

This observational retrospective database anal-
ysis used a quasi-Poisson regression model to
estimate the incidence of RSV-attributable car-
diorespiratory hospitalizations and deaths. The
model links the temporal variability in RSV
represented through a viral activity indicator
(RSV-related ICD-coded hospitalizations) with
the variability in the number of selected hos-
pitalizations or deaths (outcome), while adjust-
ing for variation in the activity of influenza and
baseline seasonality, to estimate the number of

hospitalizations or deaths (outcome) associated
with RSV.

Data Sources

We obtained anonymized individual-level data
on daily hospitalizations from the Ministry of
Health’s national hospital discharge database
(“Conjunto Minimo Basico de Datos”, CMBD)
that reports more than 90% of all admissions in
both public and private institutions [35] and
has been validated for data quality [36, 37]; and
mortality data from the National Statistical
Office’s mortality database (“Base de datos de
mortalidad del Instituto Nacional de Estadis-
tica”, BDM) that reports 100% of deaths [38]
between 2016 and 2019. All diagnoses were
coded according to the International Classifi-
cation of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) [39].

To estimate the incidence of RSV-at-
tributable hospitalizations and deaths in adults,
we selected two primary outcomes: all respira-
tory events, and cardiorespiratory events (all
respiratory plus selected subgroup cardiovascu-
lar events) that were previously reported to be
linked with RSV [18-20, 40-42] and used in
other model-based studies [23, 25, 30, 31]. In
addition, we defined four respiratory outcomes
(influenza or pneumonia; bronchitis or bron-
chiolitis; chronic lower respiratory diseases and
upper respiratory diseases) and four subgroup
cardiovascular outcomes (chronic heart failure
exacerbations; ischemic  heart  diseases;
arrhythmias and cerebrovascular diseases) to
investigate further the contribution of RSV to
those specific outcomes (ICD-10-CM codes
provided in Supplementary Table 1). Other
model-based studies also investigated similar
outcomes [11, 21, 43]. For children, only respi-
ratory events were included.

We considered primary and secondary diag-
noses, as reported in hospital discharge records,
and the underlying cause of death in death
certificates. Hospitalization was defined as an
overnight stay in the hospital and was charac-
terized by the admission date. Only the initial
hospitalization was counted if readmission for
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the same outcome occurred within 30 days of
admission.

We analyzed nine age categories: O--
5 months, 6-11 months, 12-23 months, 2--
S years, 6-17 years, 18-49 years, S50-59 years,
60-79 years, and > 80 years.

The indicator for RSV activity (an indepen-
dent variable in model) was defined as weekly
(for modeling hospitalizations) or monthly (for
modeling mortality) RSV-related hospitalization
counts (B97.4, J21.0, J12.1, J20.5, J21.9) among
children < 2 years of age. The indicator for
influenza activity (another independent vari-
able in model) was defined as weekly or
monthly influenza-specific  hospitalization
counts (J09, J10, J11) in children < 2 years (pe-
diatric model) or in adults > 60 years (adult’s
model). We selected these indicators as they
were found to be better proxies of viral activity
in previous studies [29] because these are ages
that have the highest level of testing/illness to
track the specific viral activity (e.g., <2 for
infants have high rate of RSV testing and hos-
pitalization for RSV-related bronchiolitis). We
included J21.9 (acute bronchiolitis, unspecified)
because RSV is the leading cause of bronchiolitis
in this age group, causing the majority of
bronchiolitis hospitalizations, and because it is
used as an indicator of the start of the RSV
season [44-48].

To compare the difference between the
observed (reported in the database based on
standard-of-care testing) versus the
attributable (model-based) RSV events, we also
counted weekly RSV-specific hospitalizations
and deaths (B97.4, J21.0, J12.1, J20.5) per age

group.
Statistical Methods

Time series data were stratified by age group and
aggregated weekly (hospitalization) or monthly
(mortality). A quasi-Poisson regression model
was fitted to each age stratum to associate the
outcome with aperiodic and periodic time
trends and circulation of viral activity (RSV and
influenza) while allowing for potential overdis-
persion. The identity link function was used to
reflect the most biologically plausible link

between viral circulation and the outcome of
interest. The baseline aperiodic trend in the
outcome of interest was accounted for in the
model through polynomial terms up to the
fourth order. To account for the baseline peri-
odic trend, harmonic terms were included in
the model. Circulation of RSV and influenza
was represented in the model by viral proxies.
To account for potential delays between viral
testing and the occurrence of the outcome of
interest, lagged viral proxies were considered
when modeling weekly data.

The general model fitted to weekly data is
given by:

Nr_events; ~ Poisson(4s, 0)

4
with it = o+ kz Bi - t* + Bs - sin (5%.71153) + B -
-1

27 : 4r. 47
003(521513) + b7 Sm(sz&ia) +Ps '003(52123)4'
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where A; represents the expected number of
events in week t witht =1,2,3,...,T,, the run-
ning week index, T,, the total number of weeks
in the study period, and 6 the overdispersion
parameter. Parameter f, is the coefficient asso-
ciated with the baseline number of events, f; to
p, are coefficients associated with the aperiodic
time trend, f; to fig are coefficients associated
with the periodic time trend, and B, are
coefficients associated with the appropriately
lagged activity of viral pathogen (VP) [ with [ =
1,...,L where L =2 (RSV and influenza), and
m;=0,1,..,M the pathogen-specific time lag
where M = 4.

In the general model fitted to monthly data,
At is modeled as:

4 X . (2n-t
de=PBo+ Y Bt +/35-s1n< 12 )+ﬂ6

k=1

2w -t L
rcos| —5 +Zﬁ(6+1)'VPlt
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where /; represents the expected number of
events in month t with t=1,2,3,...,T) the
running month index, T, the total number of
months in the study period, and parameters 6,
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and f, to fs defined as before. Parameters )
are coefficients associated with activity of viral
pathogen (VP) | with I=1,....L where L=2
(RSV and influenza).

Each final model was built in a step-by-step
manner. A model containing only the periodic
and aperiodic trends was fitted in the first step.
When possible (significance level 0.05), the
polynomial order was reduced. Next, the viral
pathogens were added to the model. When
modeling weekly data, all possible lags of all
pathogens not yet included in the model were
considered for inclusion (one at a time). The
lagged pathogen with the highest test statistic
was selected for inclusion in the model. This
approach has been chosen as it prioritizes pos-
itive over negative associations, given that it is
biologically implausible for the viral pathogens
(RSV and influenza) to protect against the out-
come of interest [49, 50]. The viral proxy selec-
tion was repeated until all pathogens were
included in the final model once.

The weekly (or monthly) number of events
attributable to RSV was calculated as the differ-
ence between the total model-estimated num-
ber of events (using the full model) and the
model-estimated number of events under the
hypothetical absence of RSV circulation (by
setting the parameter associated with RSV to
zero). The age-specific annual number of RSV-
attributable events was obtained by summing
over the included weeks (or months).

RSV-attributable proportions (%) were cal-
culated by dividing the yearly model-based age-
specific number of RSV-attributable events by
the yearly observed age-specific total number of
events (e.g., respiratory hospitalizations).

Age-specific incidence rates of RSV-at-
tributable events per year were obtained by
dividing the yearly model-based age-specific
number of RSV-attributable events by the yearly
age-specific population at risk of the event
(from July 1st national census data) [38] and
expressed as the number of events per 100,000
person-years. Confidence intervals were
obtained through residual bootstrapping. Data
management and statistical analysis were per-
formed in R version 4.2.2.

Ethical Considerations

This study involved data in an anonymized
structured format and contained no personal
information of the patients; therefore, no ethi-
cal approval was required.

RESULTS

Observed Events

From January 2016 to December 2019, a total of
263,102 hospitalizations and 175 deaths were
coded with a primary respiratory cause in chil-
dren < 18 years (data not shown). In adults,
5,227,970 hospitalizations and 553,332 deaths
were coded with a primary respiratory or car-
diovascular cause during the same period (data
not shown).

The observed RSV-specific hospitalization
rate based on standard-of-care RSV diagnostic
coding was highest among infants aged 0--
5 months and decreased substantially in older
children. Conversely, in adults, the incidence
rate increased with age. All rates showed an
increasing trend over the study period (Table 1).
During the study period, the RSV-specific deaths
were rarely reported in children (five deaths)
and adults (48 deaths) based on routine under-
lying cause-of-death data (data not shown).
Observed mortality rates ranged between 0 and
0.6 deaths per 100,000 person-years in children
aged < 1 year, 0-0.1 deaths per 100,000 person-
years in adults aged 60-79 years and between
0-0.5 deaths per 100,000 person-years in those
aged > 80 years (data not shown).

Estimated RSV-Attributable Incidence
in Children

Hospitalizations

Hospitalization rates of RSV-attributable respi-
ratory events in infants aged 0-5 months ran-
ged from 3998 to 5453 cases per 100,000
person-years in 2016 and 2019, respectively.
RSV-attributable cases represented between 65%
(2016) and 72% (2019) of all respiratory hospi-
talizations in this age group, and while the
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Table 1 RSV-specific hospitalization rate based on standard-of-care diagnostic codes per 100,000 person-years (number of
cases) by age group and year, 2016-2019, Spain

Age group 2016 2017 2018 2019

0-5 months 3292.7 (6751)
811.1 (1663)

295.6 (1259)

3331.2 (6601)
863.5 (1711)
326.0 (1367)

4031.3 (7619)
1048.2 (1981)
406.9 (1656)

4150.2 (7509)
1250.8 (2263)
485.6 (1886)

6-11 months
12-23 months

2-5 years 38.5 (697) 47.3 (838) 56.3 (981) 80.4 (1388)
6-17 years 1.4 (82) 1.9 (107) 1.6 (92) 2.2 (131)
1849 years 0.4 (88) 0.8 (152) 0.9 (175) 1.2 (231)
50-59 years 1.7 (111) 3.1 (208) 3.9 (270) 4.8 (335)
60-79 years 5.9 (502) 11.0 (954) 14.9 (1330) 20.1 (1844)
> 80 years 17.4 (492) 46.2 (1326) 56.8 (1633) 95.0 (2717)

IR incidence rate

Table 2 Estimated incidence rate (per 100,000 person-years) and percentage of all respiratory hospitalizations

attributable to RSV infections in children by age group and year, 2016-2019, Spain

2016 2017 2018 2019

Age group IR [95% CI] % IR [95% CI] % IR [95% CI] % IR[95% CI] %

0-5 months 39983 [3812.9; 645 4329.9 [4129.1;  69.0 5390.0 [S140.1;  69.1 54532 [52004; 72.0
4151.5) 4495.8) 5596.6] 5662.2]

6-11 months 12853 475 13919 512 17327 [1552.7;  S1.2 1753.0 [1570.9; 518
[1151.8;1423.6] [1247.3;1541.6] 1919.1] 1941.6)

12-23 months  543.9 [460.9; 29.0 578.3 [490.0; 30.5 707.3 [599.4; 311 7179 [6084; 335
637.5] 677.9] 829.1] 841.5]

2-5 years 11.7 [0; 74.9] 0.9 11.0 [0; 70.2] 1.0 119 [0; 75.8] 0.9 13.1 [0; 83.3] 1.1

6-17 years 14.1 [0.3; 28.6] 5.0 12.8 [0.3; 25.9] 46 135 [0.3; 27.3] 47 146[03;295] S.1

CI confidence interval, IR incidence rate

proportion due to RSV decreased with increas-
ing age, it remained substantial: approximately
half of respiratory hospitalizations were due to
RSV among infants 6-11 months of age, and
one-third among those 12-23 months. Among
age stratifications < 2 years, both RSV incidence
and the proportion of respiratory hospitaliza-
tions attributable to RSV increased slightly from
2016 to 2019, while remaining more
stable among children 2-17 years (Table 2).

In 2019, compared with observed rates, esti-
mated rates were 1.3, 1.4, 1.5, and 6.5 times
higher in the 0-5, 6-11, 12-23 months, and
6-17 years age groups, respectively (Fig. 1).
Estimated rates in 2-5 years were lower than
observed and the model had a suboptimal fit, as
the respiratory hospitalizations had less sea-
sonal pattern when compared to infants (Sup-
plementary Fig. 1).
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HOSPITALIZATION RATE PER 100,000

Fig. 1 Difference between the observed rate based on
standard-of-care  diagnoses and estimated RSV-at-
tributable respiratory hospitalization rate (per 100,000
person-years) in children, 2019, Spain

Estimated RSV-attributable incidence
in adults

Hospitalizations

Estimated RSV-attributable hospitalization rates
for all outcomes are presented in Table 3. In
adults aged > 60 years, estimated cardiorespi-
ratory hospitalizations ranged from 438 to 476
cases per 100,000 person-years. Rates increased
with age, with the highest one observed
among > 80 years (1506 per 100,000 person-
years in 2019, representing 6.4% of all car-
diorespiratory hospitalizations).

In 2019, compared with the observed ones,
estimated RSV-attributable cardiorespiratory
hospitalization rates were approximately 8, 6, 8,
and 16 times higher in the 18-49, 50-59, 60-79,
and > 80 age groups, respectively (Fig. 2).

The incidence of subgroup outcomes was
highest for chronic heart failure exacerbations,
arrhythmias, and bronchitis/bronchiolitis in
the oldest age group. In contrast, younger age
groups had higher rates for chronic lower res-
piratory diseases and bronchitis/bronchiolitis
(Table 3). Upper respiratory and cerebrovascular
diseases were characterized by low RSV-at-
tributable incidence and lack of seasonality in
these youngest age groups.

Mortality

Estimated RSV-attributable mortality rates for
all outcomes are presented in Table 4. The
highest RSV-attributable mortality rates among

all age groups were for selected cardiorespira-
tory diseases, followed by all respiratory dis-
eases. Among subgroup outcomes, estimated
deaths caused by ischemic heart diseases (in age
groups > 80 and 60-79 years) and chronic heart
failure (in age group > 80 years) accounted for
the highest rates. In the youngest age group
(18-49 years), the mortality data for most of
secondary outcomes were randomly distributed
without clear seasonal pattern, thus not
modeled.

DISCUSSION

Time-series studies compare the variability in
pathogen-indicators (here RSV and influenza) to
variability in broad all-cause health outcomes
that are could be related to these pathogens
(e.g., all-cause respiratory hospitalizations), to
estimate the proportion of these all-cause
events that can be attributed to these patho-
gens. Our model-based study found a high
burden of RSV-attributable hospitalizations in
Spain, with incidences substantially higher than
those reported based on RSV-specific codes in all
ages, particularly among older children and
adults. We also found that a considerable bur-
den of adult cardiovascular hospitalizations and
deaths, specifically for chronic heart failure and
arrhythmias, was attributed to RSV by the time-
series model.

As expected, our estimates diverged sub-
stantially from results in another Spanish study
that used the same database but did not incor-
porate time-series modeling to account for
untested/undiagnosed events. The annual RSV-
specific  hospitalization rate in  adults
aged > 60 years was 1.7 per 100,000 for the
2012-2020 period [7], while our estimates ran-
ged from 257-283 per 100,000 (if we only con-
sider respiratory hospitalizations) and 438-476
per 100,000 (if we consider cardiorespiratory
hospitalizations). Our estimates in turn were
comparable to prospective study results from
two recent systematic literature reviews and
meta-analyses that adjusted for diagnostic test-
ing based under-ascertainment: a United States
study with a pooled annual incidence estimate
of 282 cases per 100,000 population [34] and a
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Table 3 Estimated incidence rate (per 100,000 person-years) and percentage of all hospitalizations attributable to RSV
infections in adults by age group and year, 2016-2019, Spain

2016 2017 2018 2019
IR [95% CI] % IR [95% CI] % IR [95% CI] % IR [95% CI] %

Primary outcomes
RSV-attributable cardiorespiratory hospitalizations (all respiratory + selected subgroup cardiovascular outcomes)
18-49 years 9.1 [0.8; 173] 24 8.5 [0.8; 16.0] 22 9.1[08; 17.2] 22 99[09; 18.7] 24
50-59 years 27.0 [5.6; 49.9] 20 243 [5.1; 44.8] 1.8 254 [5.3; 46.9] 1.7 272 [5.7; 50.1] 1.9

60-79 years 149.0 [83.4; 27 1447 [81.0; 26 156.1 [87.3; 27 1552 [86.8; 2.8
2187] 212.4] 229.1] 2277]
> 80years 13614 [1035.9; 65 13249 [1008.1; 60 14609 [1111.6; 62 15057 [11457; 64
1696.6] 1651.1] 1820.6] 1876.4]
> 60 years® 450.3 49 4376 4.5 4745 47  475.8 4.8
RSV-attributable respiratory hospitalizations
18-49 years 5.1 [0; 11,5] 21 48 [0; 107] 19 5.1 [0; 11,4] 19 55 [0; 124] 2.1
50-59 years 18.2 [7.1; 29.2] 32 164 [6.4; 26.3] 29 171 [6.7; 27.5] 2.8 183 [7.1; 29.4] 3.1
60-79 years 114.5 [85.4; 5.8 116.0 [86.5; 5.8 1309 [97.6; 6.1 125.8 [93.8; 6.1
145.2] 147.1] 165.9] 159.4]
> 80 years 7025 [540.4; 9.5  683.6 [525.9; 87 753.8 [579.9; 89 7769 [597.7; 9.4
871.0] 847.7] 934.7] 963.3]
> 60 yezlrsél 260.7 7.8 2569 7.4 2829 7.7 2804 7.9

Subgroup outcomes

RSV-attributable influenza or pneumonia hospitalizations

18-49 years 0.7 [0; 3.2] 13 0.8 [0; 3.4] 16 09 [0; 4.1] 16 09 [0; 4.0] 15

50-59 years 1.6 [0; 7.8] L1 15 [0; 7.0] 10 15 [0; 73] 09 1.6 [0; 7.8] 1.0

60-79 years 36.4 [25.3; 46.8] 7.3 36.8 [25.6; 474] 7.0 41.5([289;535] 7.1 399 [27.8;514] 7.0

> 80 years  229.1 [1763; 118 223.0 [171.5; 9.8 2459 [189.1; 102 2534 [194.9; 109
283.5] 275.9] 304.2] 313.5]

> 60 years” 84.3 9.8 83.0 87 914 88 90.6 9.2

RSV attributable bronchitis or bronchiolitis hospitalizations
18-49 years 1.3 [0.6; 2.1] 69 13 [0.6; 2.1] 62 1.4 [0.6; 2.2] 59 1.5[0.6; 24] 6.7
50-59 years 8.3 [5.6; 11.1] 10.6 8.1 [5.4; 10.8] 9.7 88 [59; 11.7] 8.7 8.8([59; 11.8] 9.3
60-79 years 46.1 [37.0;55.9] 132 467 [37.5;56.6] 121 527 [42.2;639] 122 50.6 [40.6; 61.4] 125

> 80 years 2704 [2174; 164 263.1 [2115; 134 290.1 [233.2; 137 299.0 [240.4; 14.7
331.8] 322.9] 356.1] 367.0]
> 60 years' 101.8 152 1004 129 1106 131 109.6 13.8
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Table 3 continued

2016

2017

2018

2019

IR [95% CI] %

IR [95% CI]

%

IR [95% CI]

IR [95% CI]

%

RSV-attributable chronic lower respiratory disease hospitalizations

18-49 years
50-59 years
60-79 years

> 80 years

> 60 years”

3.1 [1.6; 4.7] 5.8

141 [85;19.6] 5.8

58.0 [41.8; 75.7] 5.5

213.5 [160.2; 76
2712]

96.7 65

2.9 [1.5; 4.4]
127 [7.6; 17.6]
58.8 [42.4; 76.7]

207.7 [155.9;
263.9]

95.8

RSV-attributable upper respiratory disease hospitalizations

18-49 years
50-59 years
60-79 years
> 80 years

> 60 years"

RSV-attributable chronic heart failure exacerbation hospitalizations

18-49 years
50-59 years
60-79 years

> 80 years

> 60 years®

1.3 [0; 6.0] 12
1.8 [0; 6.2] 1.9
2.8 [0; 62] 24
184 [13.0; 23.9] 104
67 5.1

1.1 [05; 1.7) 49

62 [2.9; 9.6] 41

249 [13.6; 362] 2.8

2774 [208.4; 6.0
353.9]

87.6 48

1.2 [0; 5.6]

1.6 [0; 5.6]

2.6 [0; 5.6]

17.9 [12.7; 23.2]
64

1.0 [04; 1.6]
5.6 [2.6; 8.6
24.1 [13.2; 35.2]

270.0 [202.8;
344.4]

85.1

RSV-attributable ischemic heart disease hospitalizations

18-49 years
50-59 years
60-79 years

> 80 years

> 60 years

NA NA
24 [0; 8.0] 0.8
267 [124; 41.1] 2.8
924 [61.0; 1284] 4.0
43.0 33

NA

22 [0; 7.2]

24.0 [11.2; 37.1]
89.9 [59.4; 124.9]

40.4

RSV-attributable arrythmias hospitalizations

18-49 years
50-59 years
60-79 years

NA NA
6.0 [1.1; 11.2] 3.1
29.0 [11.2; 47.1] 25

NA
5.4 [1.0; 10.1]
26.1 [10.1; 42.4]

5.1
5.2
5.5
7.0

6.2

1.1
1.6
2.1
9.2
45

42
35
2.7
5.5

4.5

NA
0.7
2.5
37

3.0

NA
2.7
22

3.1 [1.6; 4.7]
13.2 [8.0; 18.4]
663 [47.8; 86.5]

229.1 [171.9;
291.0]

106.0

13 [0; 6.0]

1.7 [0; 5.8]

2.7 [0; 5.8]

19.7 [14.0; 25.6]
6.8

1.1 [0.5; 1.7]
5.8 [2.8; 9.0]
26.0 [14.3; 37.9]

297.7 [223.6;
379.7]

92.3

NA

2.3 [0 7.5]

249 [11.6; 38.4]
99.1 [65.5; 137.8]

43.0

NA
5.6 [1.0; 10.6]
27.1 [10.4; 44.0]

5.1
5.0
6.0
7.5

6.7

1.6
2.1
9.8
4.7

45
3.6
2.9
5.7

47

NA
0.7
2.5
4.0

32

NA
2.8
22

34 [1.7; 5.1]
14.2 [8.5; 19.6]
63.7 [45.9; 83.2]

236.1 [177.1;
299.9]

104.7

14 [0; 65)

1.8 [0; 6.3]

2.8 [0; 6.1]

203 [14.4; 26.4]
7.0

1.2 [0.5; 1.8]
6.2 [3.0; 9.6]
25.9 [14.2; 37.7]

306.8 [230.4;
391.4]

92.6

NA
2.4 [0; 8.0]
26.3 [12.2; 40.6]

102.2 [67.5;
142.0]

44.3

NA
6.0 [1.1; 11.3]
28.6 [11.0; 46.4]

5.8
5.7
6.0
7.9

6.9

12
1.8
2.2
10.3
49

46
3.8
2.9
5.8

48

NA
0.8
2.7
42

34

NA
29
24
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Table 3 continued

2016 2017 2018 2019

IR [95% CI] % IR [95% CI] % IR [95% CI] % IR [95% CI] %
> 80 years 272.5 [198.1; 5.4 2652 [192.8; 49 2924 [212.6; 51 3013 [219.1; 5.2

345.2] 335.9] 370.4] 381.8]
> 60 years® 89.5 42 854 39 918 40 933 4.1
RSV-attributable cerebrovascular hospitalizations

18-49 years NA NA NA NA NA NA NA NA
50-59 years NA NA NA NA NA NA NA NA
60-79 years 10.3 [3.7; 17.0] 22 9.3 [3.3; 15.3] 1.9 9.7 [3.5; 15.9] 20 102 [3.7;168] 2.0
> 80years 209 [43;37.6) 14 189 [38;339] 12 200 [41;360] 13 219 [45;394] 14
> 60 years” 13.0 1.8 117 1.6 122 1.6 13.0 1.7

Myocarditis outcome was NA in all categories

CI confidence interval, IR incidence rate, NA not applicable since data is unsuitable for modeling or insufficient model fit
“Based on pooling of results for models fitted to adults, thus confidence intervals are not provided. Negative estimates were

suppressed to zero because of biological implausibility

Observed M Estimated-observed

HOSPITALIZATION RATE PER 100,000

22
>

T
18-49 YEARS 50-59 YEARS 60-79 YEARS 2 80 YEARS

Fig. 2 Difference between the observed standard-of-care
and estimated RSV-attributable cardiorespiratory hospital-
ization rate (per 100,000 person-years) in adults, 2019,
Spain

global study of high-income countries with a
pooled estimate of 347 cases per 100,000 pop-
ulation [S5] in those aged > 65 years. By con-
trast, two model-based studies from the United
Kingdom reported lower incidences [11, 49], a
result that may be explained primarily by two
methodological differences. First, we observed
that using surveillance data as RSV indicator (as

these studies did, rather than pediatric RSV-re-
lated hospitalization) can reduce peak outcome
estimates and decrease capture of RSV activity
outside of the influenza season, when testing is
more frequent [9]. Deriving the RSV proxy from
the same dataset as the outcomes ensures an
exact match regarding geographic representa-
tion of the proxy and outcome data, which may
not be present when using sentinel viral
surveillance data as the proxy. Second, our res-
piratory and cardiorespiratory disease outcomes
groupings used both primary and secondary
diagnosis codes. This allows for events with
other primary codes (e.g., viral illness or sepsis)
to be included in the modeling. This approach
has been used in other recent publications
[11, 29]. Nevertheless, our calculated propor-
tions of RSV-attributable cases of hospitaliza-
tions were comparable to these studies, ranging
from 4 to 10%, depending on age [11, 34].

We found that under-ascertainment based
on standard-of-care diagnostic codes increased
as age increased. This observation can be
explained by the increased use of nonspecific
lower respiratory tract infection codes —such as
unspecified  bronchiolitis,  bronchitis  or
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Table 4 Estimated mortality rate (per 100,000 person-years) and percentage of all deaths attributable to RSV infections in

adults by age group and year, 2016-2019, Spain

2016 2017 2018 2019

MR [95% CI] % MR [95% CI] % MR [95% CI] % MR [95% CI]

%

Primary outcomes

RSV-attributable cardiorespiratory deaths (all respiratory + selected cardiovascular subgroup outcomes)

18-49 years 0.3 [0.0; 0.7] 24 0.3 [0.0; 0.7] 2.6 04 [0.0; 0.8] 3 0.4 [0.0; 0.8]
50-59 years 1.5 [0.0; 3.1] 21 15 [0.0; 3.1] 22 1.8 [0.0; 3.6] 24 1.7 [0.0; 3.4]
60-79 years 8.7 [1.7; 15.2] 24 88 (17 152] 25 102 [20; 17.6] 29 93 [18; 16.1]
> 80 years 125.9 [47.6; 37 1269 [47.9; 3.5 150.0 [56.7; 41 142.1 [53.7;
200.9] 202.4] 239.3] 226.6]
> 60 years® 37.9 34 381 33 443 39 40.8
RSV-attributable respiratory deaths
18-49 years 0.0 [0; 0.2] 0.5 0.0 [0; 02] 0.6 0.0 [0; 0.2] 0.6 0.0 [0; 02]
50-59 years 0.5 [0; 1.2] 3 0.5 [0; 1.2] 3.1 0.6 [0; 1.4] 32 0.6 [0; 1.3]
6079 years 3.2 [0; 6.6] 27 33 [0; 6.6] 27 3.8 [0;77] 3 34[0; 7.0
> 80years 49.0 [0; 100.1] 4 494 [0; 100.8] 3.6 584[0;1192] 41 553 [0; 112.9]
> 60 years® 14.6 37 147 34 171 39 158
Subgroup outcomes
RSV-attributable influenza or pneumonia deaths
18-49 years 0 0 0 0 0 0 0
50-59 years 0O 0 0 0 0 0 0
60-79 years 0 0 0 0 0 0 0
> 80 years 3.1 [0; 18.3] 12 3.1[0; 184] 1 370;21.8] 1.1 35 [0; 20.6]
> 60 years® NA NA NA NA NA NA NA
RSV-attributable bronchitis or bronchiolitis deaths
18-49 years NA NA NA NA NA NA NA
50-59 years NA NA NA NA NA NA NA
60-79 years 0.2 [0.0; 0.3] 10.9 0.2 [0.0; 0.3] 10 0.2 [0.0; 0.4] 11.9 0.2 [0.0; 0.4]
> 80 years 3.8 [0.6; 7.0] 9.4 39 [0.6; 7.1] 7.5 4.6 [0.7; 8.4] 88 43107 7.9]
> 60 years® 1.1 96 1.1 77 13 9.1 12
RSV-attributable chronic lower respiratory disease deaths
18-49 years NA NA NA NA NA NA NA
50-59 years 0.1 [0; 0.4] 11 0.1 [0; 0.4] 1 0.1[0;04] 13 0.1 [0; 0.4]
60-79 years 2.2 [0.2; 4.3] 41 22 [0.2; 4.3] 42 25 1[0.3; 5.0] 5.1 2.3 [0.3; 4.6]

2.3
2.8
42

3.9

0.5

3.1
4.5
42

1.2
NA

NA
NA
10.1
8.1
8.3

NA
1.1
4.8
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Table 4 continued

2016

2017

2018

2019

MR [95% CI] %

MR [95% CI]

%

MR [95% CI]

%

MR [95% CI]

%

> 80 years

> 60 years

15.5 [4.4; 264] 43

15.6 [44; 26.6]
5.5

RSV-attributable upper respiratory disease deaths

18-49 years
50-59 years
60-79 years
> 80 years

> 60 years"

5.5 42

NA NA
NA NA
NA NA
0.3 [0.1; 0.6] 285
NA NA

NA
NA
NA
0.3 [0.1; 0.7]
NA

RSV-attributable chronic heart failure exacerbation deaths

18-49 years
50-59 years
60-79 years
> 80 years

> 60 years®

NA NA
0.3 [0.0; 0.7] 32
1.5 [04; 2.7 3.6
213 [9.7;329] 36
65 3.6

NA
0.3 [0.0; 0.7]
15 [04; 2.7]
21.5 [9.8; 33.2]
65

RSV-attributable ischemic heart disease deaths

18-49 years
50-59 years
60-79 years
> 80 years

> 60 years

NA NA
0.6 [0; 1.4] 2
34 [15; 5.4] 3
263 [12.0; 39.4] 3.8
9.1 3.6

RSV-attributable arrythmias deaths

18-49 years
50-59 years
60-79 years
> 80 years

> 60 years"

NA NA
NA NA
0.1 [0; 0.5] 1.1
7.6 [1.3; 13.3] 3

2.0 2.7

NA
0.6 [0; 1.4]
35 [1.5; 5.4]

265 [12.1; 39.7)
9.2

NA
NA

0.1 [0; 0.5]
7.6 [1.4; 134
2.0

RSV-attributable cerebrovascular disease deaths

18-49 years
50-59 years
60-79 years
> 80 years

NA NA
NA NA
0.7 [0; 1.9] 1
200 [8.9;294] 3

NA

NA

0.7 [0; 1.9]
20.1 [9.0; 29.7]

4.3
42

NA
NA
NA
16

NA

NA
33
3.7
3.4
3.5

NA
2.1
3.1
3.8
3.6

NA
NA
1.2
2.8
2.6

NA
NA

3.1

18.5 [5.2; 31.4]
64

NA
NA
NA
0.4 [0.1; 0.8]
NA

NA

0.4 [0.0; 0.8]
1.8 [0.5; 3.2]
254 [11.6; 39.2]
75

NA
0.8 [0; 1.6]
4.0 [1.8; 6.3]

31.3 [14.3; 46.9]
10.7

NA
NA

0.2 [0; 0.6]
9.0 [1.6; 15.9]
23

NA
NA

0.8 [0; 2.2]

23.8 [10.6; 35.1]

5.4
5.3

NA
NA
NA
20.3
NA

NA
3.7
4.5

4.1

NA
2.5
3.7
4.8
44

NA
NA
12
32
29

NA
NA
1.2
37

17.5 [4.9; 29.8]
5.9

NA
NA
NA
0.4 [0.1; 0.7]
NA

NA

0.4 [0.0; 0.7]
1.6 [0.4; 2.9]
24.0 [11.0; 37.2]
7.0

NA
0.7 [0; 1.5]
3.7 [1.6; 5.7]

29.7 [13.5; 44.4]
9.8

NA
NA

0.2 [0; 0.6]
8.5 [1.5; 15.0]
2.1

NA
NA

0.7 [0; 2.0]

22.5 [10.1; 33.2)

5.6
5.3

NA
NA
NA
19.8
NA

NA

4.1
3.9
3.9

NA
24
3.6
4.9
4.5

NA
NA
12
32
29

NA
NA
1.1
3.6
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Table 4 continued

2016 2017

2018 2019

MR [95% CI] %

MR [95% CI]

% MR [95% CI] % MR [95% CI] %

> 60 years” 5.5 25 55

26 64 31 59 3.0

Myocarditis outcome was NA in all categories

CI confidence interval, MR mortality rate, NA not applicable since data is unsuitable for modeling or insufficient model fit

“Based on pooling of results for models fitted to adults, thus confidence intervals are not provided Negative estimates were

suppressed to be zero because of biological implausibility

pneumonia— as age increased [51], exacerbated
by infrequent testing. Studies from Spain and
other countries also support lower testing fre-
quency and reporting in older children [52, 53]
and adults [8]. The opposite was seen for chil-
dren aged 2-5years, among whom the esti-
mated incidence rates (11-13 cases per 100,000)
were lower than those based on RSV-specific
codes (39-80 cases per 100,000). This is likely
due to the fact that the observed respiratory
hospitalizations frequency in this age group did
not have a clearly seasonal pattern, which pre-
vents the model from accurately attributing a
percent of the outcome to RSV. The reason for
the lack of seasonality is not clear but it may be
that more respiratory hospitalizations are asso-
ciated with chronic disease exacerbations which
can have non-infectious triggers, e.g., asthma
exacerbations can have allergic and infectious
triggers. Similar limitations were also observed
in other modeling studies, where estimates for
RSV-attributable hospitalizations in children
aged 5-17 years were negative [33] or equal to
zero (22, 54].

As expected, the RSV-attributable hospital-
ization rates of respiratory events in children
obtained from our model were slightly higher
than those reported in other Spanish observa-
tional studies wusing RSV-specific codes
[6, 55, 56]. Nevertheless, although comparisons
must be made with caution since the study
periods and regions were not the same, our
estimates are in line with results from other
countries, such as the United Kingdom, where
the modeled incidence for 0-5 months was
4184 per 100,000 [54] (range of 3998-5453 in
our study). In the United States, modeled results

were slightly lower (1500-2800 cases [29] and
1,896 per 100,000 [28] in children < 1 year of
age).

Based on the literature establishing that
some cardiovascular outcomes can be pro-
voked/related to RSV infections
[19, 21, 22, 30, 31], we included cardiovascular
and respiratory diseases in our modeled out-
comes. This study’s definition included only
selected specific cardiovascular outcomes since
not all of them showed marked seasonality. The
seasonal variation allows the linkage between
the season viral activity and the variability in
the all-cause outcomes through time-series
modeling. We estimated that in
adults > 80 years, RSV may have been related to
approximately 6%, 4% and 5% of all hospital-
izations for chronic heart failure exacerbations,
ischemic heart diseases, and arrhythmias,
respectively. This finding from our model is
supported by previous literature that has estab-
lished that respiratory viruses, including RSV,
can exacerbate chronic cardiovascular diseases,
such as coronary artery disease, and trigger new
cardiovascular events [20, 57]. It has been
described that inflammation, prothrombotic
imbalance, and increased metabolic demands of
the myocardium can worsen or trigger
myocardial  ischemia and  arrhythmias
[19, 42, 58]. Respiratory viruses were also found
to be one of the most common etiological fac-
tors of myocarditis [59]. However, myocarditis
hospitalizations did not show a clear seasonal
pattern in our study.

As expected, RSV-attributable mortality rates
were highest in the oldest age group, among
whom RSV was related with 4-5% of selected
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cardiorespiratory deaths. Although our esti-
mates were slightly lower than those reported in
the United Kingdom (1, 8, 37, and 198 deaths
per 100,000 in people 18-49, 50-64, 65-74,
and > 75 years, respectively), the proportion of
deaths attributable to RSV in older adults was
similar for cardiorespiratory and respiratory
causes (ranged between 2 and 5%) [11]. This
might be also related to a different definition of
cardiorespiratory deaths, as we selected more
specific outcomes than all cardiorespiratory
causes (i.e., JOO-J99100-199) [11]. Spain has the
second highest life expectancy in Europe [60],
which may in part account for the lower mor-
tality rate. However, our estimates (14.6-17.1
deaths per 100,000 person-years) of RSV-at-
tributable mortality rate of underlying respira-
tory deaths in adults > 60 years were
comparable to results of a model-based study in
the United States (14.7 deaths per 100,000 in
people > 65 years of age) [61]. Due to a low
number of deaths among children, data were
not modeled.

The main strength of our study was the
inclusion of two population-based, nationally
representative databases, which reduced the risk
of selection bias. In addition, primary and sub-
group outcome definitions, including cardio-
vascular causes, allowed us to explore a wider
spectrum of conditions described in the litera-
ture associated with RSV infection. Our final
statistical model was based on an extensive lit-
erature review and experts’ input.

However, several limitations can be descri-
bed. Firstly, we captured only severe cases
(hospitalizations and deaths) and thus likely
underestimated the total burden of RSV disease
in the population. Secondly, we could not
stratify by risk groups due to data limitations.
Thirdly, as an RSV activity proxy, we used hos-
pitalization data from children aged < 2 years
(consistent with other publication [29]), which
may not reflect the exact temporality of circu-
lation of the virus in the adult population. To
account for this, we selected the best lag
between the proxy in children and the outcome
in adults to reflect the sequential pattern of
infection, usually starting in children and
spreading to older age groups [62]. In addition,
we only included RSV and influenza in our

analysis, implicitly assuming that these are the
only two pathogens that show a relevant asso-
ciation with the outcome of interest. Never-
theless, even without explicitly modeling other
potentially relevant pathogens, they are indi-
rectly accounted for in the model through the
periodic component and the overdispersion
parameter to a great extent. Lastly, by using a
modeling approach, we cannot confirm causal
inference.

In conclusion, our study suggests that a high
number of RSV-related hospitalizations and
deaths may not have been correctly identified
in Spain, largely due to low rates of standard-of-
care RSV testing and diagnosis outside of the
infant/toddler period. This underestimation,
which is higher in older children and older
adults, should be considered when assessing the
potential benefit of preventive measures such as
vaccination. Our study also indicates that, like
other respiratory viruses such as influenza and
SARS-CoV-2, RSV may contribute to both res-
piratory and cardiovascular complications. In
these age and risk groups, implementation of
preventive measures such as vaccines and
effective RSV antivirals would have a substantial
impact on health.
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