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Abstract

Respiratory syncytial virus (RSV) infection is a major cause of morbidity in children. However, its disease burden
remains poorly understood, particularly outside of the hospital setting. Our study aimed to estimate the burden

of medically attended acute lower respiratory infection (ALRI) cases potentially related to RSV in Spanish children.
Longitudinal data from September 2017 to June 2018 of 51,292 children aged < 5 years old from the National Health-
care System (NHS) of two Spanish regions were used. Three case definitions were considered: (a) RSV-specific; (b)
RSV-specific and unspecified acute bronchiolitis (RSV-specific and Bronchiolitis), and; (c) RSV-specific and unspecified
ALRI (RSV-specific and ALRI). A total of 3460 medically attended ALRI cases potentially due to RSV were identified, of
which 257 (7.4%), 164 (4.7%), and 3039 (87.8%) coded with RSV-specific, unspecific bronchiolitis, and unspecific ALRI
codes, respectively. Medically attended RSV-specific and ALRI cases per 1000 children was 134.4 in the first year of
life, 119.4 in the second, and 35.3 between 2 and 5years old. Most cases were observed in otherwise healthy children
(93.1%). Mean direct healthcare cost per medically attended RSV-specific and ALRI case was €1753 in the first year

of life, €896 in the second, and €683 between 2 and 5 years old. Hospitalization was the main driver of these costs,
accounting for 55.6%, 38.0% and 33.4%, in each respective age group. In RSV-specific cases, mean direct healthcare
cost per medically attended case was higher, mostly due to hospitalization: €3362 in the first year of life (72.9% from
hospitalizations), €3252 in the second (72.1%), and €3514 between 2 and 5years old (74.2%). These findings suggest
that hospitalization data alone will underestimate the RSV infections requiring medical care, as will relying only on
RSV-specific codes. RSV testing and codification must be improved and preventive solutions adopted, to protect all
infants, particularly during the first year of life.
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Background
Respiratory syncytial virus (RSV) infection is a global
public health challenge and a major cause of mortal-
ity and morbidity in children, specially infants [1-3].
Clinical manifestations associated with RSV infection
that usually drive demand of healthcare resources in
children are bronchiolitis, pneumonia and other acute
lower respiratory infections [4]. Young age and being
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malformations, neuromuscular diseases, or immu-
nological disorders are known risk factors for severe
complications [4, 5], although most cases are observed
in otherwise healthy children born at term [6—8]. The
RSV Evidence-a Geographical Archive of the Litera-
ture (REGAL) series estimated that, in the Western
countries, RSV was associated with 12-63% of all
acute respiratory infections (ARIs) and 19-81% of all
viral ARIs leading to hospitalizations in children [1].

The near advent of RSV preventive tools has
increased the priority on understanding the real-world
burden caused by this infectious agent, in order to sup-
port the assessment of new preventive options, once
they become available [9]. However, several knowl-
edge gaps still exist and substantial variation is found
in reported incidence rates across studies [4]. On one
hand, studies often include only RSV-specific and/or
acute bronchiolitis diagnosis codes—or RSV confirmed
cases when laboratory data is available—approaches
which are expected to widely underestimate the num-
ber of RSV cases, due to lack of systematic testing and
coding [10—12]. On the other hand, most studies focus
on hospitalizations, leaving outside substantial direct
healthcare burden from outpatient visits [7, 13-15].
In United States, a study found the incidence of RSV
cases in the outpatient setting to be over thirty times
higher than the incidence of hospitalizations [7]. In
Spain, Quiles et al. reported that, in Valencia, nearly
90% of the bronchiolitis cases in children < 2 years were
managed in outpatient settings [13].

The objective of this study was to estimate the inci-
dence and burden (clinical and economic) of medi-
cally attended acute lower respiratory infection (ALRI)
cases potentially related to RSV in Spanish children
aged < 5years old in two Spanish regions and assessing
the impact of using distinct RSV definitions.

Methods

Study design

The Burden of Acute Respiratory Infections (BARI)
study is a multidimensional real-world evidence study
assessing the clinical and economic burden of acute
respiratory infections (influenza and respiratory syn-
cytial virus) in Spain. We are reporting here the results
for a retrospective cost-of-illness analysis conducted
using data from a longitudinal electronic medical
records database from two Spanish regions to esti-
mate the direct healthcare cost per medically attended
potential RSV case in children aged <5years old dur-
ing the epidemic season 2017/18, from the perspective
of the Spanish National Health Service (NHS).
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Database

This study used an IQVIA database including
anonymized data extracted from the electronic medi-
cal records (EMR) of four Spanish regions, available
between January 2017 and December 2018. Due to con-
fidentiality agreements in place, the specific regions
included in the database cannot be disclosed. The
information collected in the database is provided by the
regions themselves.

This database includes patients’ characteristics (age,
gender), all their visits to distinct NHS healthcare pro-
viders and their diagnosis leading to the healthcare
visit—using the International Classification of Diseases
9th Revision (ICD-9-MC) and 10th Revision (ICD-
10-ES) and International Classification for Primary Care
(ICPC-2), depending on the region—as well as related
comorbidities or other significant diseases. It enables a
traceability of resource consumption per patient across
distinct healthcare settings, namely including informa-
tion from primary care general practitioners and nurses
activities, specialized care (outpatient’s consultations),
visits to the emergency department, hospitalizations and
retail pharmaceutical products prescribed by physicians.
Information on acute and chronic diagnoses with date
of diagnostic is available for every inhabitant, thus ena-
bling the identification of individuals who had a poten-
tial RSV diagnosis as well as other medical conditions
(risk factors). All the contacts that an inhabitant has had
throughout the period are assigned to the inhabitant, so
that the intensity of the contacts at the different care lev-
els can be identified (Fig. 1).

As at 31st December 2018, the database contained lon-
gitudinal data of 1.9 million inhabitants from four Span-
ish areas, of which 82,652 (4.4%) were aged <5years old.
Only the two regions who use only ICD codes across all
settings of care were included in this study, as ICPC-2
codes did not enable our three RSV case definitions
to be used. This resulted in data from 51,292 children
aged < 5years old being included in this study.

RSV case definition

Study population included child having an RSV-related
event based on ICD-9-CM and ICD-10-ES codes used in
the diagnosis, regardless if classified as a primary or sec-
ondary diagnosis, according to three distinct case defi-
nitions (Table 1): (a) RSV-specific; (b) RSV-specific and
unspecified acute bronchiolitis (RSV-specific and Bron-
chiolitis), and; (c) RSV-specific and unspecified ALRI
(RSV-specific and ALRI). Unless otherwise stated, results
were presented for the broadest definition (RSV-specific
and ALRI). These case definitions were based on findings
from Cai et al., who reported a higher sensitivity for these
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Fig. 1 Details of the database used in the study
Table 1 List of ICD-9 and ICD-10 diagnostic codes used to identify respiratory syncytial virus cases
Description ICD-9 ICD-10
RSV-specificand ALRI  RSV-specificand RSV-specific RSV 079.6 N/A
bronchiolitis Acute bronchiolitis due to RSV 466.11 1210
Pneumonia due to RSV 480.1 J12.1
RSV as the cause of diseases classified elsewhere N/A B97.4
Acute bronchitis due to RSV N/A J20.5
Acute bronchiolitis due to other infectious organisms ~ 466.19 J218
Acute bronchiolitis, unspecified J21.9
Acute bronchitis due to other infectious organisms 466.0 J20.8
Acute bronchitis, unspecified J20.9
Unspecified ALRI 5198 J22
Viral pneumonia, not elsewhere classified 480.3:480.8; J12.8;J129
480.9;487.0
Pneumonia, organism unspecified 485; 486 J18.0,J18.8,J18.9

ALRI acute lower respiratory infection, N/A not applicable, RSV respiratory syncytial virus

broader definitions than RSV-specific ICD-10 codes,
without sacrificing specificity [12].

Population was stratified by age group [0-1] month,
[1-2] months, [2-3] months, [3-6] months, [6-12]
months, [12—24] months, [24—36] months and [36—60]
months; [0-24] and [24—60] months; and [0—12] months.
The number of RSV cases were divided by the population

in the database for the same age group to compute a rate
of cases per 1000 inhabitants.

RSV season

One season was analyzed as only two years (2017 and
2018) were available in the database. An ample definition
of RSV season was considered, from September 2017
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to June 2018, considering, as a reference, the period in
which national surveillance systems for influenza (which
also report RSV tests, when performed) are in place,
plus a margin of approximately one month. This period
improves the capacity to detect potential RSV cases,
considering the variability in the RSV seasonality across
years and countries [16—18]. Furthermore, laboratory-
confirmed RSV cases had been reported in September in
the previous season (2016/17) in a Spanish region [19].

Risk factors

Active diagnosis associated to the patients in the EMR
during the analyzed period (chronical or acute patholo-
gies) were used to identify children who had at least one
medical condition regarded as a risk factor for RSV. The
ICD-9-CM and ICD-10-ES diagnostic codes used to
identify these risk factors (either as primary or related
diagnostic) are detailed in the Additional file 1: Table S1.
Risk factors such as heart disease, neuromuscular dis-
orders, bronchopulmonary dysplasia, Down syndrome,
immunodeficiency, congenital anomalies of respiratory
system, congenital musculoskeletal anomalies, and cystic
fibrosis were considered, based on expert advice. Patients
were stratified by presence or absence of any of these
risk factors/comorbidities. Premature birth, low weight
or size at gestational age and exposure to tobacco were
separately analyzed as potential risk factors as these are
not underlying pathologies and may be less frequently
inserted by medical coders.

Resource utilization estimation

An RSV episode was defined as the day of physician
visit (in any setting) when the index diagnosis was made
(index date), together with a related period of 14.days
before and 14-days after the date of the diagnosis, as per-
formed in a similar study for a respiratory infection [20].
During this period, the healthcare resource consumption
of patients with RSV was considered to be due to RSV,
with the following exceptions: (i) for outpatient consulta-
tions only visits to a set of specialties more likely related
to RSV symptoms or complications were considered,
based on expert advice; (ii) for hospitalizations, only epi-
sodes with RSV as the primary or secondary diagnosis
were included. In this case, the 14days period after the
diagnosis was applied to the date of the discharge of the
patient.

Two aspects are considered in the analysis of resource
utilization. On one hand, how many RSV patients visited
at least once each of the healthcare setting during their
RSV episode. Then, for those who visited the service/
healthcare setting at least once, mean number of visits to
each healthcare setting per RSV patient were computed,
namely visits to primary care (PC), outpatient specialized
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care (OP), emergency department (ED) and hospital
(HO), as inpatient.

The prescription of pharmaceutical products likely
to be prescribed for RSV was also analyzed but was not
included in the results as it represented a cost lower than
1%, since only retail prescription products are captured
by the database.

Cost estimation

The cost analysis was performed from the payer perspec-
tive and was based on resource utilization data combined
with the unit cost of each resource. It comprised three
steps and was stratified by age or by presence or absence
of at least one risk factor.

Mean healthcare cost per case per setting

Firstly, mean healthcare costs per RSV patient who vis-
ited each healthcare setting were computed. At this
stage, the previously computed mean number of visits to
each healthcare setting of each medically attended RSV
patient, during their RSV period, were multiplied by the
unit cost of each of those healthcare visits, to compute
the mean cost per patient who visited each healthcare
setting.

The mean cost per RSV case per setting were computed
for PC, OP, ED and HO. By mean costs per case per set-
ting, we mean, for instance, the mean cost of HO per
RSV case amongst RSV cases who were hospitalized dur-
ing their RSV episode.

Mean healthcare cost per case

Then, these mean costs per case per setting were multi-
plied by the percentage of RSV cases in the database vis-
iting each of the healthcare setting. As an example, the
mean cost of HO per RSV case was obtained by multiply-
ing the mean cost of HO amongst hospitalized RSV cases
with the percentage of RSV cases who were hospitalized.
The sum of the mean cost of PC, OP, ED and HO per RSV
case results in the mean healthcare cost per RSV case.

Total healthcare cost of RSV cases in the database

The mean healthcare costs per case per setting were mul-
tiplied by the number of RSV cases visiting each health-
care setting in the database.

Unit costs of each resource

Unit cost per visit to each healthcare setting is not spe-
cific for RSV, except for hospitalization. Estimates of
unit costs per type of healthcare visit were obtained
from the eSalud Platform [21], considering official tariffs
reported by autonomous communities, when available,
and are detailed in Supporting Materials (Additional
file 1: Table S2). For hospitalizations, the cost of each
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hospitalization observed in the database is individu-
ally estimated. The 3M"" All Patient Refined Diagnosis
Related Groups (APR DRGs) system (version 32) is used
to calculate the degree of complexity for each hospitaliza-
tion episode, considering variables related to the patient
and episode. This is used to compute units of hospital
production (UHP) for costing purposes [22, 23]. Esti-
mated hospital mean cost per UHP is established for
each hospital in the database considering the operating
costs incurred by the hospital to carry out its activity to
the production carried out by the hospital, measured
through UHP. The average cost per UHP is updated
annually through the IQVIA (former IASIST) Hospital
TOP 20 Program.

Results
Studied population
Between September 2017 and June 2018, 3460 potential
RSV cases were identified in the database in children
aged <5years old, of which 257 (7.4%), 164 (4.7%), and
3,039 (87.8%) were coded with RSV-specific, unspecific
bronchiolitis, and unspecific ALRI codes, respectively.
Medically attended cases per 1000 children were 25.2,
44.1 and 134.4 in children aged < 1year, 3.6, 4.7 and 119.4
in children aged 2years old, and 0.5, 0.6 and 35.3 in chil-
dren aged between 2 and 5years old, for RSV-specific,
RSV-specific and Bronchiolitis and RSV-specific and
ALRI codes, respectively. If only hospitalized cases were
considered, these rates would be 25.0, 43.2 and 56.1 in
children aged <1year, 3.6, 4.6 and 19.1 in children aged
2years old, and 0.5, 0.5 and 3.6 in children aged between 2
and 5years old, for RSV-specific, RSV-specific and Bron-
chiolitis and RSV-specific and ALRI cases, respectively.
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Table 2 reports the number of cases per 1000 inhabitants
per age group, according to each RSV case definition, in
total and for each visited healthcare setting only.

Seasonality

Similar seasonality patterns were observed across the dis-
tinct RSV definitions, with November being the month
with more reported cases, namely: 33.2% in RSV-spe-
cific, 25.6% in RSV-specific and Bronchiolitis and 17.2%
in RSV-specific and ALRI. The months of November to
March (inclusive) concentrated 82.6%, 74.9% and 61.8%
of RSV-specific, RSV-specific and Bronchiolitis and RSV-
specific and ALRI cases, respectively.

Demographics and clinical characteristics

The male to female ratio was 1.3, with 56.0% of RSV-
specific and ALRI cases being observed in boys. Children
aged < 1year old accounted for 78.6%, 83.8% and 31.1% of
RSV-specific, RSV-specific and Bronchiolitis and RSV-
specific and ALRI cases, respectively. Amongst hospital-
ized cases, children aged < 1 year old accounted for 79.1%,
84.4% and 59.0% of RSV-specific, RSV-specific and Bron-
chiolitis and RSV-specific and ALRI cases, respectively.
Children without any risk factor (i.e. otherwise healthy
children) accounted for 87.9%, 87.9% and 93.1% of RSV-
specific, RSV-specific and Bronchiolitis and RSV-specific
and ALRI cases, respectively. Amongst the 6.9% of chil-
dren presenting at least one risk factor for RSV in RSV-
specific and ALRI cases, heart disease (2.9%) was the
most frequently reported risk factor, followed by neu-
romuscular disorder (2.0%), congenital musculoskeletal
anomalies (1.3%), congenital disorders of respiratory sys-
tem (0.6%), Down syndrome (0.3%), immunodeficiency

Table 2 Respiratory syncytial virus cases per 1000 children across settings of care, according to patients’age (cases per 1000)

Months ofage  RSV-specific RSV-specific and bronchiolitis RSV-specific and ALRI
Total PC OP ED HO Total PC oP ED HO Total PC oP ED HO

[0-1] 96.6 89.7 6.9 89.7 96.6 1241 1172 20.7 1172 124.1 1379 124.1 20.7 124.1 1379
[1-2] 922 882 80 922 922 1583 1543  26. 1583 1583 1743 1683  26.1 1663 1643
[2-3] 514 500 29 514 50.0 914 87.1 7.1 914 88.6 110.0 102.9 8.6 1014 94.3
[3-6] 28.0 27.1 3.6 28.0 280 49.6 47.8 59 49.6 48.7 100.6 984 149 76.3 56.9
[6-12] 9.9 94 18 9.9 9.7 184 173 34 18.0 178 1505 1460 184 855 34.9
[0-12] 25.2 24.2 29 25.1 250 441 422 6.1 43.7 432 1344 130.0 17.1 90.1 56.1
[12-24] 3.6 3.6 0.6 3.6 36 4.7 4.5 0.8 4.6 4.6 1194 1164 126 60.4 19.1
[24-36] 15 15 0.2 15 13 16 16 0.2 15 1.3 65.7 63.5 46 324 7.2
[36-60] 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.0 0.1 0.1 20.6 20.1 16 8.7 1.8
[0-24] 132 12.7 1.6 131 13.0 22.1 21.1 3.1 21.8 216 126.0 1224 146 73.5 354
[24-60] 0.5 0.5 0.1 0.5 0.5 0.6 0.6 0.1 0.6 05 353 343 26 164 3.6
Total (< 60) 5.0 49 0.6 5.0 4.9 8.2 7.9 1.2 8.1 8.0 67.5 65.5 6.8 36.6 14.8

ALRI acute lower respiratory infection, ED emergency department, HO hospital (inpatient), IR incidence rate, RSV respiratory syncytial virus, OP outpatient (specialized

care), PC primary care
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(0.2%), bronchopulmonary dysplasia (0.1%) and cystic
fibrosis (0.1%). Prematurity was registered as a diagno-
sis in 1.2% of cases, low birth weight in 2.0% of cases and
exposure to tobacco was not registered in any patient.
Results for other case definitions, per age group, are
detailed in Table 3.

Resource utilization

RSV patients visiting each healthcare setting during their
episode

Almost all RSV patients visited primary care (>93%),
regardless of the RSV definition and age group. The pro-
portion of patients having an OP specialized care ranged
from 10.1% in RSV-specific and ALRI to 14.3% in RSV-
specific and Bronchiolitis. Most patients visited the ED,
namely 99.6%, 98.8% and 54.3% of patients, in RSV-spe-
cific, RSV-specific and Bronchiolitis and RSV-specific
and ALRI, respectively. The percentage of patients hos-
pitalized for RSV was 98.4%, 97.4%, and 22.0% in RSV-
specific, RSV-specific and Bronchiolitis and RSV-specific
and ALRI, respectively.

On average, amongst RSV-specific and ALRI cases,
96.7% of children aged < 1year old visited PC, 12.7% vis-
ited OP specialized care, 67.0% visited the ED and 41.7%
were hospitalized for RSV.

Table 4 details the percentage of RSV patients who
visited at least once each healthcare setting during their

Table 3 Percentage of respiratory syncytial virus patients, in total
age or risk factors (% of cases)

Page 6 of 15

RSV episode, according to patients’ age and presence of
risk factors, for each case definition.

Mean number of visits to each healthcare setting

per visiting RSV patient

Amongst RSV-specific and ALRI cases with at least one
visit to the healthcare setting, children aged <1year old
had, on average, 9.3 visits to PC, 1.4 visits to OP special-
ized care, 2.3 visits to the ED and 1.2 hospitalizations for
RSV. Mean visits per patient varied per age group but
were relatively similar between patients who presented
at least a risk factor compared to patients with no risk
factor.

Table 5 presents the mean number of visits to each
healthcare setting per RSV patient (amongst those who
visited the healthcare setting at least once), according to
patients’ age and presence of risk factors, for each case
definition.

Direct healthcare cost

Mean healthcare cost per case per setting

Amongst RSV-specific and ALRI cases in children
aged<1lyear old, each child visiting PC generated a
mean healthcare cost of PC visits of €486; mean cost
of OP visits per RSV patient seeking OP care was esti-
mated at €270; mean cost of ED visits per RSV patient
visiting the ED was estimated at €408; and mean cost of

and by those visiting each healthcare setting, according to patients’

Characteristics (age or risk factor)  RSV-specific RSV-specific and bronchiolitis RSV-specific and ALRI

Total PC OP ED HO Total PC OP ED HO Total PC OP ED HO
Male 556 550 500 555 565 594 594 650 594 605 560 559 643 558 583
Female 444 450 500 445 435 406 406 350 406 395 440 441 357 442 417
[0-1] 54 52 3.1 5.1 55 43 4.2 50 4.1 44 0.6 0.5 09 1.0 26
[1-2] 17.9 177 125 180 182 188 191 217 190 193 25 25 3.7 44 108
[2-3] 14.0 14.1 63 141 138 152 15.1 83 154 151 22 2.1 1.7 38 87
[3-6] 24.1 241 250 242 245 261 262 217 264 263 6.4 6.5 94 90 166
[6-12] 171 169 250 172 170 195 191 250 192 193 193 193 234 202 204
[0-12] 786 779 719 785 791 838 837 817 841 844 311 31.0 391 384 590
[12-24] 144 149 188 145 146 114 114 133 113 115 351 352 366 327 255
[24-36] 6.2 64 63 63 55 40 42 33 38 34 205 205 143 187 102
[36-60] 0.8 0.8 3.1 0.8 0.8 0.7 0.7 1.7 0.7 07 133 133 100 103 53
[0-24] 930 928 906 930 937 952 950 950 954 959 66.2 662 757 710 845
[24-60] 7.0 72 94 70 63 48 50 50 46 41 338 338 243 290 155
With risk factor 121 120 344 121 119 121 116 283 120 115 6.9 69 160 86 121
Without risk factor 879 880 656 879 881 879 84 717 880 885 931 931 840 914 879
Born preterm 43 36 125 39 43 43 3.7 100 4.1 44 1.2 1.1 46 19 3.0
Born with low weight/size 43 40 125 39 43 48 45 133 46 49 20 20 57 24 37

ALRI acute lower respiratory infection, ED emergency department, HO hospital (inpatient), RSV respiratory syncytial virus, OP outpatient (specialized care), PC primary

care
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Table 5 Mean number of visits to each healthcare setting per respiratory syncytial virus patient visiting the healthcare setting at least
once during their episode, according to patients’age or risk factors (visits per patient*)

Characteristics (age or risk factor) RSV-specific RSV-specific and bronchiolitis RSV-specific and ALRI

PC oP ED HO PC oP ED HO PC oP ED HO
[0-1] 7.5 1.0 20 14 7.6 13 2.1 13 7.5 13 20 1.3
[1-2] 9.2 1.3 2.3 12 94 13 23 13 9.3 13 2.3 13
[2-3] 9.7 1.0 26 14 9.1 1.0 24 1.3 93 1.2 23 13
[3-6] 9.8 1.1 2.3 1.1 10.1 1.2 24 1.1 9.9 13 2.5 1.2
[6-12] 94 1.8 2.7 1.3 9.0 1.7 26 12 9.1 1.5 23 12
[0-12] 94 1.3 24 12 94 14 24 1.0 93 14 23 12
[12-24] 76 2.0 25 1.1 7.6 1.8 26 1.1 6.9 13 19 1.1
[24-36] 64 1.0 29 1.2 6.6 1.0 29 1.2 57 1.2 1.7 1.1
[36-60] 6.5 1.0 3.0 2.0 7.0 1.0 2.7 1.7 53 14 1.8 1.2
[0-24] 91 1.5 24 12 9.2 14 24 12 8.0 1.3 2.1 12
[24-60] 6.4 1.0 29 13 6.7 1.0 29 13 55 13 1.8 1.1
With risk factor 9.6 19 25 13 9.2 1.8 24 13 7.6 16 22 13
Without risk factor 8.8 1.2 2.5 1.2 9.0 1.2 2.5 12 7.1 13 20 1.2
Born preterm 16.1 15 18 1.1 13.1 1.7 1.8 1.1 10.3 14 2.0 1.0
Born with low weight /size 134 1.5 23 13 109 1.8 2.2 13 9.0 1.6 2.1 1.2
Total 89 14 25 1.2 9.0 14 2.5 12 7.2 13 2.0 1.2

ALRI acute lower respiratory infection, ED emergency department, HO Hospital (inpatient), OP outpatient (specialized care), PC primary care, RSV respiratory syncytial

virus

*Each patient may then visit each healthcare setting more than once, even in the same day (e.g. visit to general practitioner and visit to nurse in the same primary care

center)

hospitalization per hospitalized RSV patient was esti-
mated at €2,335. These are mean costs per medically
attended RSV patient and may include more than one
visit per patient. These costs are detailed in Table 6 for
each RSV definition and according to patients’ age and
presence of risk factors.

Mean healthcare cost per case

Combining the mean healthcare costs per case per set-
ting with the previously stated percentage of children
aged < 1year old visiting each healthcare setting, results
in a mean healthcare cost per medically attended RSV-
specific and ALRI case of €1753 in the first year of life
(Fig. 2). This mean cost decreased to €896 in children
aged two years old, and €683 between 2 and 5years old.
These costs are detailed in Table 6 for each RSV defini-
tion and according to patients’ age and presence of risk
factors.

Total healthcare cost of medically attended RSV patients

In season 2017/18, the 3460 children aged<5years old
who have been diagnosed with RSV-specific and ALRI
codes in the two Spanish regions included in the study
have cost €3.8 Million to the NHS, mainly driven by
hospitalizations (45.8%, Table 7). Most of the healthcare
costs were generated by children aged<1year old, who

contributed to 78.7%, 84.0% and 50.0% of the health-
care costs of medically attended cases, for RSV-specific,
RSV-specific and Bronchiolitis and RSV-specific and
ALRI cases, respectively (Table 8). Most costs were gen-
erated by otherwise healthy children, regardless of age,
who accounted for 86.1%, 84.5% and 86.9% of the direct
healthcare costs of medically attended cases, for RSV-
specific, RSV-specific and Bronchiolitis and RSV-specific
and ALRI cases, respectively.

Table 7 details the contribution of the costs with each
healthcare setting to the total direct healthcare cost of
medically attended RSV patients (in percentage) for each
RSV definition and according to patients’ age and pres-
ence of risk factors. Table 8 details the percentage of the
total healthcare cost of medically attended RSV patients,
generated by each group of patients;, according to their
gender, age, and presence of risk factors, for each case
definition.

Discussion

A high clinical and economic burden of medically
attended ALRI cases potentially related to RSV occurs
in children aged <5years old. To our knowledge, this
is the first study reporting the burden of medically
attended ALRI cases potentially related to RSV in
Spanish children, considering distinct RSV definitions
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Table 6 Mean direct healthcare costs of visits to each healthcare setting per respiratory syncytial virus patient who visited each
healthcare setting and weighted total mean direct healthcare cost per respiratory syncytial virus patient, according to patients’ age or
risk factors (€ per patient)

Characteristics (age or risk factor)  RSV-specific RSV-specific and bronchiolitis RSV-specific and ALRI

Total PC OP ED HO Total PC OP ED HO Total PC OP ED HO

[0-1] 5227 388 223 348 4527 4870 396 265 358 4114 6629 392 265 348 5923
[1-2] 3483 470 254 393 2617 3524 471 262 405 2617 3334 467 262 403 2610
[2-3] 3297 511 223 450 2405 2907 475 223 419 2083 2628 489 244 407 2073
[3-6] 2761 490 239 407 1850 2651 513 252 416 1742 1912 511 257 428 1858
[6-12] 3540 484 316 467 2613 2971 471 306 459 2102 1248 483 278 404 2225
[0-12] 3362 481 266 421 2475 3080 481 269 421 2209 1753 486 270 408 2335
[12-24] 3252 408 347 442 2346 2938 405 316 444 2106 896 374 247 327 2128
[24-36] 3202 359 223 511 2633 3044 369 223 511 2633 704 313 242 297 2169
[36-60] 6009 341 223 522 5034 4625 398 223 464 3689 650 289 273 318 2443
[0-24] 3345 470 283 424 2455 3063 472 276 424 2196 1299 427 259 371 2273
[24-60] 3514 357 223 512 2933 3282 373 223 504 2819 683 304 255 305 2262
With risk factor 3873 478 336 432 2954 3923 466 325 418 3228 2065 404 292 387 3486
Without risk factor 3286 459 247 430 2422 2957 467 252 429 2092 1018 384 251 348 2104
Born preterm 5121 744 285 313 4124 4720 630 306 317 3793 2785 517 278 353 3281
Born with low weight/size 5793 623 285 400 4759 5321 534 316 385 4349 2213 459 291 371 3554
Total 3357 461 278 430 2485 3074 467 273 427 2222 1091 385 258 352 2271

ALRI acute lower respiratory infection, ED emergency department, HO hospital (inpatient), OP outpatient (specialized care), PC primary care, RSV respiratory syncytial
virus

Healthcare Percentage of RSV Mean healthcare cost Mean healthcare
setting patients visiting per case per setting cost per case
Primary care 96.7% €486 €471
Ouparet 12.7% €270 €34
OC) specialized care
Patients aged <1 year
old diagnosed with &
RSV-specific & ALRI mergency o
codes in the database department 67.0% €408 €274
Hospital »
: ; 41.7% €2,335 €974
inpatient care
Total €1,753
Fig. 2 Mean healthcare cost per RSV-specific and ALRI case aged bellow one year old

and healthcare settings. Using an EMR based database
which includes all visits of the population from two
Spanish regions to the NHS, for all healthcare settings,
the study provides evidence on the burden of potential
RSV disease in children <5years, beyond hospitaliza-
tion. Such data is currently scarce in Europe as studies

focus mostly on hospitalizations and it is vital for the
definition of evidence-based preventive policies.

As expected, the need for medical care was particularly
intense during the first year of life. These findings are
consistent with results from other studies from western
countries using similar methodologies for RSV-specific
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Table 8 Percentage of total direct healthcare cost of medically attended respiratory syncytial virus patients, generated by each group
of patients, according to their gender, age, and presence of risk factors (%)

Characteristics (age or risk factor)  RSV-specific

RSV-specific and bronchiolitis RSV-specific and ALRI

Total PC OP ED HO

Total PC OP ED HO Total PC OP ED HO

Male 527 534 542 523 526
Female 47.3 46.6 458 477 474
[0-1 8.5 44 25 41 100
[1-2] 18.6 180 115 164 191
[2-3] 138 156 50 147 134
[3-6] 19.8 256 215 229 182
[6-12] 18.1 177 285 186 179
[0-12] 787 813 690 768 787
[12-24] 139 131 235 148 138
[24-36] 59 50 50 74 59
[36-60] 14 0.6 25 0.9 16
[0-24] 92.7 944 925 916 925
[24-60] 7.3 5.6 75 84 7.5
With risk factor 139 125 416 122 141
Without risk factor 86.1 875 584 878 859
Born preterm 6.5 58 128 2.8 7.2
Born with low weight/size 74 54 128 36 83

589 599 66.1 581 588 581 571 655 566 590
41.1 401 339 419 412 419 429 345 434 410
6.8 36 4.8 34 8.1 35 0.5 0.9 09 6.9
215 192 208 180 227 7.7 3.0 3.8 51 124
144 154 68 151 142 54 2.7 1.6 44 79
22.5 288 200 257 207 113 8.6 94 110 135
18.8 192 280 206 182 221 242 253 232 200
84.0 862 805 829 839 500 391 410 445 607
109 99 154 117 109 288 342 350 304 239
4.0 33 2.7 4.6 40 133 166 134 158 9.8
1.1 0.6 14 0.8 1.2 7.9 100 106 9.3 5.7
94.9 96.0 959 946 947 788 734 760 749 846
5.1 4.0 4.1 54 53 212 266 240 251 154
155 116 338 117 167 131 73 182 95 186
84.5 884 662 883 833 869 927 818 905 814
6.6 50 1.2 30 7.5 30 1.5 49 19 44
8.2 51 154 41 9.5 4.0 23 6.5 26 58

ALRI acute lower respiratory infection, ED emergency department, HO hospital (inpatient), RSV respiratory syncytial virus, OP outpatient (specialized care), PC primary

care

and unspecified acute bronchiolitis case [7, 24-26].
Incidence rates markedly decrease as age increases—as
previously reported [13-15, 27]—being 20 times (RSV-
Specific) and 28 times (RSV-Specific and Bronchiolitis)
higher in children aged<1year old than in those aged
between 1 and 5years old.

Most cases were observed between November and
March (61.8-82.6%, depending on the definition), as
expected based on previous studies [16, 19]. The peak
of cases was observed in November, as had also been
reported for Galicia in the previous season [19].

Children who had a risk factor for RSV were 1.9 times
more likely to be hospitalized for RSV-specific and ALRI
(38.5% vs. 20.8% in those without a risk factor). No rel-
evant differences were observed in the other case defini-
tions as, regardless of presence of risk factors, almost all
children were hospitalized for RSV (>92%). The mean
direct healthcare cost per medically attended potential
RSV case also increased when a risk factor was present,
which is coherent with published evidence that children
with underlying medical conditions such as congenital
heart disease, and chronic pulmonary and cardiovascular
diseases, and prematurity, are more vulnerable to severe
RSV infection [28-30]. However, even considering diag-
nosis received both in inpatient and outpatient setting to
identify patients’ concurrent medical conditions, most
identified RSV cases were observed in otherwise healthy

children (87.9-93.1%, according to the RSV definition).
This is consistent with previous national and interna-
tional studies [6, 31]. A study on RSV bronchiolitis hospi-
talizations in Spain between 1997 and 2011 had identified
3.2% of cases with comorbidities, in those aged < 5years
old [29].

Three case definitions were used with most differences
being observed between RSV-specific and ALRI and the
other two (RSV-specific and RSV-specific and Bron-
chiolitis). Data appears to suggest that the latter defini-
tions are mostly used for severe cases, as 99% of patients
receiving these diagnoses visited the emergency services
and over 97% have been hospitalized, versus 54% and
22% in RSV-specific and ALRI definition, respectively.
This holds true even if only cases during the first year
of life are considered. The proportion of cases gener-
ated by children aged <1year old also decreases as RSV
definitions become “broader”, which might be a reflex of
less frequent RSV testing and coding as age increases. In
2009, a multicenter Spanish study including 5,647 chil-
dren<2years old with a first acute bronchiolitis episode
— of which 51.2% proceeding from the emergency depart-
ment, 28.9% from hospitalizations, 18.3% from primary
care and 1.6% from ICU - has reported that RSV diag-
nosis tests were performed in only 37.4% of acute bron-
chiolitis medically attended cases, of which 63.5% were
RSV-positive and found that younger age was associated
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with increased likelihood of being tested for RSV.[32]
An international study has also reported decreased test-
ing among children aged above six months [27]. Other
authors have also reported that RSV-positive cases are
more frequently diagnosed as bronchiolitis in patients
aged < 1year old while in children aged between 2 and
5years old, pneumonia was more frequent [7]. Overall,
evidence suggests a potential age-associated bias in the
diagnosis of RSV in children admitted for RSV-associated
respiratory disease, supported also by the uncommon
diagnosis of RSV-associated pneumonia [14, 33, 34].

The present study highlighted the magnitude of poten-
tially underestimated RSV cases, especially using RSV-
specific codes. Cases per 1000 were 1.6 and 13.5 times
higher using the RSV-specific and Bronchiolitis and the
RSV-specific and ALRI definition, respectively, than
using RSV-specific codes alone. In hospitalized cases per
1000 children the increase was the same for RSV-specific
and Bronchiolitis but only 1.9 for RSV-specific and ALRL
Results appear to support previous findings that combin-
ing RSV-specific with unspecified ALRI ICD diagnosis
may indeed help to better understand the burden of RSV,
particularly if testing is not systematically performed in
a specific healthcare setting or region [1, 11, 12]. In the
U.S., Hall et al. had also found a greater RSV diagnosis
capacity at the hospitals, reporting that only 3% of outpa-
tients with RSV infection received the diagnosis of RSV-
associated illness, as compared with 45% of inpatients [7].

We reported rates of 8.0 hospitalized children per 1,000
children aged <5years old using RSV-specific and Bron-
chiolitis and 21.6 in those aged<2years old, which are
similar to those reported by Gil-Prieto et al. for Spain,
namely of 10.7 and 24.1 per 1,000 children aged bellow
5 and 2years old, respectively, during 1997-2011 [29]. In
Valencia, a population study on 198,223 children born
between 2009 and 2012, has reported an incidence rate
of bronchiolitis (all causes) of 164 cases per 1000 children
aged < 2years old, which was 87% lower if only hospital-
ized cases were considered (21 per 1000) [13]. Amongst
those hospitalized, 57.6% had either an RSV ICD-9 diag-
nosis or had a positive RSV test result [13]. Assuming
that the same rate of RSV-cases coded as bronchiolitis
could be observed in the outpatient setting this would
result in an incidence rate of approximately 94 RSV cases
per 1000 children, which is closer to the one obtained
by our RSV-specific and ALRI definition (126 per 1000)
than in RSV-Specific and Bronchiolitis (22 per 1000).
This difference might reflect regional variations in testing
and coding practices, but, in both cases, reflects a high
burden of acute respiratory infections in Spanish chil-
dren that needs to be better understood and addressed.
Further studies combining health administrative data
and RSV laboratory data for Spain to assess the validity
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of each diagnosis code in Spain would be of interest,
although regional variation must be accounted for.

An important limitation of this study is that it does
not enable to quantify the proportion of the reported
unspecified ALRI cases that have been caused by RSV,
and not by other infectious agents, which may unduly
inflate the estimates calculated under the definition
RSV-specific and ALRI. While several studies name RSV
as the most common pathogen identified in young chil-
dren with ALRI (mainly pneumonia and bronchiolitis) [1,
35, 36], there are other infectious agents that can cause
severe ALRI— such as pneumonia—including viruses,
bacteria and fungi [35, 37] In children, bacterial pneumo-
nia is most often caused by Streptococcus pneumoniae
(pneumococcus) or by Haemophilus influenzae type b
(Hib) while RSV is the most common viral cause of pneu-
monia [35, 37], with a role that is expected to increase
as the use of vaccines against the most common types of
bacterial pneumonia grows [38—40], as well as the capac-
ity to detect virus through molecular diagnostic, as dif-
ferentiating between viral and bacterial pneumonias
radiographically is difficult [35]. A systematic review
and meta-analysis performed by Shi et al. (2015) found
evidence supporting that RSV, influenza (IFV), parain-
fluenza (PIV), human metapneumovirus (HMPV), and
rhinovirus (RV) are important causes of ALRI in young
children, estimating the percentage of (severe) ALRI
which could be attributed to each virus to be 90%, 80%,
70%, 73% and 30%, respectively [41].

However, few studies on pneumonia etiology were
conducted in high-income countries [40]. A recent pro-
spective case—control study performed in West Australia
has estimated the contribution of respiratory viruses and
bacteria to pneumonia in people aged<18years. The
study reported that RSV had the highest contribution
amongst detectable respiratory viruses responsible for
the analyzed pneumonias requiring hospitalization and
concluded that RSV and HMPV are probable pneumo-
nia-causing pathogens in children with pneumonia [40].
It is thus reasonable to expect that, while this broader
RSV-specific and ALRI definition may have the benefit
of potentially capturing more cases of RSV caused ALRI,
it may also have the pitfall of potentially including non-
RSV caused ALRI [11, 12].

In either case, findings from the BARI study sup-
port that RSV is a major driver of demand of healthcare
resources at all levels of care in children, resulting in
important costs to the NHS. Hospitalization rates were
higher in children bellow 2years old. In our study, chil-
dren aged bellow 2years old accounted for 78.8—94.9%
of total direct healthcare costs of medically attended
RSV patients aged bellow 5years old, and 84.6-94.7% of
hospitalization costs, which is consistent with previous
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findings for Spain [29]. An important part of the cost was
driven by children aged bellow 1year old, who accounted
for 50.0-84.0% of total direct healthcare costs of medi-
cally attended RSV patients aged bellow 5years old, and
60.7-83.9% of hospitalization costs. Otherwise healthy
children generated most of the NHS costs (84.5-86.9%,
according to the RSV definition). Mean direct health-
care cost per patient with RSV-specific diagnosis was
higher, given the greater proportion of patients visiting
the emergency department or being hospitalized, namely
€3,357, €3,345, and €3,362 in patients aged <5, <2 and
< lyear old, respectively.

Still, RSV burden is expected to be even higher if other
factors are considered. A high frequency of primary care
visits during the 28 days around the RSV diagnosis was
found in our study, suggesting not only a burden for the
healthcare system but potentially relevant productivity
losses from the children’s parents, which were not quan-
tified in our study. Importantly, children having severe
RSV infection are more likely to develop respiratory
complications such as wheezing and asthma, generating
a long term burden for those infected [1, 5, 10]. A study
found that premature infants infected by RSV had almost
twice the number of primary care visits than controls
during the two years following the RSV infection.[42] An
important limitation of our study was that this long-last-
ing burden of the RSV-infection was not studied.

The major limitations of the present study are that it is
based on a population sample and that it relies on data
from an EMR database without information of whether
RSV laboratory testing was performed. Data is subject
to coding errors or missing information. Due to the low
precision of RSV codification in primary care the stud-
ied population may be biased towards more severe RSV
cases. The method used to estimate resource utilization
during the RSV period may overestimate the number of
visits due to RSV, as some could have been performed,
regardless of RSV diagnosis. As previously mentioned,
the study does not consider healthcare resources con-
sumed in a private healthcare setting, nor indirect costs
related to productivity losses or long-term burden.
Importantly, the database is not aimed to be nationally
representative as population from only two regions was
used. Furthermore, this study was performed only dur-
ing one RSV season, which can limit comparisons with
results from other studies as RSV is a seasonal disease
that commonly displays annual or biennial seasonality.

Conclusions

RSV is a major driver of demand for medical care by
Spanish children. The burden of RSV is particularly high
in children under 1lyear of age. Most cases and direct
healthcare costs were observed in otherwise healthy
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children born at term. Analyzing only hospitalizations
and RSV-specific diagnosis is expected to substantially
underestimate the burden of the disease to the NHS.
These findings highlight the need to improve RSV testing
and surveillance, and to adopt preventive solutions that
enable protection of all infants, particularly during the
first year of life.
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