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ABSTRACT
Bronchiolitis represents a heavy burden of disease in children under 2 years of age in our society due to the high 
infectivity of the Respiratory Syncytial Virus [RSV] and the vulnerability of the youngest children.
The objective of this retrospective epidemiological study was to show the burden of severe bronchiolitis 
in Spain through population-based estimates of hospitalizations due to bronchiolitis in children up to 
24 months old during a 6-year period (2012–2017).
A total of 100,115 cases of bronchiolitis required hospitalization in Spain from 2012 to 2017. Most cases of 
bronchiolitis that required hospitalization were in infants under 3 months of age. The hospitalization rate 
for bronchiolitis for children under 1 year of age was 3,838.27 per 100,000 healthy children. During the 
6-year study period, a total of 82 deaths due to bronchiolitis were reported among hospitalized infants. 
Among these deaths, more than 50% were in patients younger than 3 months of age. The annual average 
cost to the National Health Care System was €58 M, with a mean hospitalization cost of €3,512 per case.
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Introduction

Bronchiolitis is the leading cause of severe lower respiratory tract 
illness and hospitalization in children under 2 years of age in 
developed countries. The Respiratory Syncytial Virus (RSV) is 
the primary cause of respiratory difficulty, in the form of bronch-
iolitis, bronchitis or pneumonia, in children under 12 months of 
age. It is important to realize that patients with antecedents such as 
prematurity, immunodeficiency, and heart or lung disease (such as 
bronchopulmonary dysplasia) have higher mortality and morbid-
ity rates when affected by bronchiolitis since there is no specific 
therapy for it.1–6

According to the available data, every year 33% of children 
under 1 year of age in Spain will suffer from bronchiolitis.7 RSV 
causes 70–80% of cases, with a maximum incidence at 2–3 months 
of age. RSV is transmitted through respiratory secretions, as well as 
through contaminated fomites. Due to its high infectivity, it has 
been estimated that 75% of all children will suffer from infection by 
RSV during their first year of age.8 In Spain, RSV infections 
occurred in annual outbreaks from November until February.8 

Approximately 2–3% of children infected by RSV their first year of 
life will require hospitalization, and 2–6% of them will require 
Intensive Care. Mortality from RSV in previously healthy children 
is very low in developed countries (0–1.5%). However, due to the 
high incidence of bronchiolitis, 66,000–199,000 children around 
the world die every year due to RSV infections, being the second 
cause of death after malaria in children 1–12 months of age.1,7–12

Bronchiolitis has been supposed to be a great burden in chil-
dren these past years, but an RSV vaccine is still under develop-
ment. The objective of this study was to obtain information on 
population-based estimates of the burden of hospitalization due to 
bronchiolitis in children up to 24 months old in Spain during 

a 6-year period (2012–2017). It may serve as a starting checkpoint 
for later evaluation of the effectivity and efficiency of different 
preventive measures such as vaccination or immunotherapy.

Materials and methods

The Spanish national information system for hospital data 
(Conjunto Mínimo Básico de Datos; CMBD) from the Ministry 
of Health was accessed to gather all retrospective cases with diag-
noses of bronchiolitis in children under 2 years of age hospitalized 
from 1 January 2012 to 31 December 2017.13–15 Following the 
definition of bronchiolitis, only first incidence hospitalizations 
with a diagnosis of bronchiolitis were included in the study.16

All bronchiolitis-related hospitalizations in any diagnostic 
position with the International Classification of Diseases, 9th 
revision, Clinical Modification ICD-9-CM codes (ICD 9 CM: 
466.1 Acute bronchiolitis: Bronchiolitis (acute), Capillary 
pneumonia, 466.11 Acute bronchiolitis RSV, 466.19, Acute 
bronchiolitis other (from 2012 to 2015) and ICD-10-CM 
codes (“J21.0”, “J21.1”, “J21.8”, and “J21.9” (from 2016 to 
2017)), were analyzed.

The annual hospitalization rates were calculated. For the rates, 
data from population municipal records for children were used as 
the denominators. In order to calculate rates by months of age, the 
number of total newborns and perinatal mortality in Spain was 
also searched through the Spanish Instituto Nacional de 
Estadística (INE) that collects epidemiological data about the 
Spanish population every year. For the population denominators 
by months of age, we assumed a constant birth rate throughout 
the year in order to associate the precise hospitalization date for the 
population at risk in any given month. The case-fatality rate 
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(CFR), which reflects the severity of the cases, was calculated by 
dividing the number of deaths by the total number of hospitaliza-
tions due to bronchiolitis (%). The average length of stay at the 
hospital (ALOS) was calculated. The same age, sex and epidemio-
logical characteristics distributions were assumed for the popula-
tion and for hospitalizations not covered by CMBD.

The cost to the health care system of these hospitalizations is 
estimated by the Ministry of Health. The cost was calculated by 
considering the diagnostic cost group, the total cost and the 
number of discharges. The diagnostic cost group was based on 
the Diagnosis Related Groups (DRG) for hospitalized patients 
depending on discharge ICD classification, age, sex, and resource 
consumption. Each group has a similar weight in hospital costs 
and can be applied to each related patient. DRGs calculations were 
made by 3 M with Core Grouping System Software.17

Statistics:
Student´s t-test was used for comparing continuous variables. 

The chi-square test was used to assess significant differences in 
proportions. Poisson regression models were used to assess differ-
ences in the hospitalization rates over the study period by age 
group and sex.

In all tests, the significance level used was p < .05.
Statistical analyses were performed using R Software (ver-

sion 3.4.3).
The patient information was anonymized and de-identified 

prior to the analysis. The local ethics committee (Comité de 
Ética de la Investigación de la Universidad Rey Juan Carlos) 
ruled that no formal ethics approval was required for this study.

Results

A total of 100,115 hospital discharges due to bronchiolitis, defined 
as a first incident episode of respiratory difficulty in children 
<2 years of age, 16 were reported in Spain during the 6-year 
study period, which accounts for a hospitalization rate of 1981.09 
(95% CI = 1968.93–1993.24) hospitalizations per 100,000 children 
<2 years old. Of those, 93,534 (93.4%) occurred in children up to 
12 months old. Their mean age was 3.66 (SD 4.30) months and 
57.9% of the patients were male. The average length of hospital stay 
was 5.46 (SD 7.24) days, and it slightly decreased during the study 
period from 5.62 (SD 7.09) days to 5.36 (SD 7.62) days (p = .016).

Table 1 shows the hospitalization rate for bronchiolitis at 0 and 
1 year old during the period studied. Each year of the study had 
a similar number of cases, with 17,440 cases of bronchiolitis that 
required hospitalization in 2012, 14,806 cases in 2013, 16,129 cases 
in 2014, 17,923 cases in 2015, 17,074 cases in 2016, and 16,743 
cases in 2017. The highest incidence of hospitalization is shown in 
the first year of life with a hospitalization rate per 100,000 children 
<12 months of 383,827 (CI 95%: 3814.15–3862.39). The hospita-
lization rate in our study was 251.5 (95% CI: 245.44–257.57) per 
100,000 children during the second year of life. These rates showed 
a slight linear increase of 3.6% per year during the study period 
(p < .001). Average length of stay also significantly decreased with 
age, being 5.54 (SD 7.38) days in children up to 12 months of age 
and 4.28 (SD 4.70) days in children from 12 to 23 months old 
(p < .001)

When studying the hospitalization rate by months of age 
(Figure 1), most of the cases (n = 56,293, 56.2%) occurred in 
infants under 3 months old with 16,304 cases in the child’s first Ta
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month, 24,079 in the child’s second month, and 15,910 cases in 
the child’s third month of age, reaching 8028.63 (95% CI 
7910.44–8146.82), 11857.30 (95% CI 11,716.69–11,997.91), 
and 7834.61 (95% CI 7717.74–7951.49) cases per 100,000 
infants of 0, 1, and 2 months of age, respectively. The HR 
significantly decreased with age (p < .001).

During the 6-year study period, a total of 82 deaths were 
reported among the bronchiolitis hospitalized children, 40 in 
boys and 42 in girls. Of all the deaths in the boys, 9 (22.5%) were 
in patients younger than 1 month, 21 (52.5%) were in patients 
younger than 3 months, 33 (82.5%) were <1 year old and 7 (17.5%) 
were in their second year of life. Of all the deaths of the girls, 9 
(21.4%) were in patients younger than 1 month, 25 (9.5%) were in 
patients younger than 3 months, 38 (90.5%) were <1 year old and 4 
(9.5%) were in their second year of life. The overall case-fatality 
rate was: 0.082% (95% CI: 0.064–0.100), ranging from 0.035% 
(0.007–0.063) in 2016 to 0.115 (0.064–0.165) in 2012 and it showed 
a significant linear decrease of 14.4% per year (95% CI 2.8%– 
24.8%, p = .018) over the study period. (Table 1). Fifty-six of the 
82 deaths were confirmed to be RSV positive, being acute respira-
tory failure, cute kidney failure and septic shock the most frequent 
complications. Table 2 shows the HR and CFR by age in months 
and sex. The HR was significantly higher in boys (p < .001) and this 
difference was larger in infants <1 year of age. CFR did not 
significantly vary neither with sex (p = .10) nor with age 
(p = .28). Bronchiolitis is a clearly seasonal disease, as can be 
seen in Figure 2, with almost no cases in summer and peaking in 
December/January. The annual average cost to the National 
Health Care System for bronchiolitis requiring hospitalization 
was €58,6 M with a mean hospitalization cost per case of €3,512.

Discussion

A total of 101,903 cases of bronchiolitis among children less than 
2 years old were hospitalized in Spain from 2012 to 2017. That 
means that two children out of every 100 up to 24 months of age and 
four children out of every 100 up to 12 months of age were 
hospitalized during the study period in our country due to bronch-
iolitis. The hospitalization rate in our study was 15-fold higher 
during the first year of life than in the second year of life. This 
statistically significant difference is also clinically relevant because it 
shows that bronchiolitis in children over 1 year of age very rarely 
requires hospitalization. It is also remarkable to see that there were 
more hospitalizations due to bronchiolitis in the children’s second 
month than in the first one, since this has also been seen in other 
series.8,10,18 It seems that the IgG against RSV the fetus receives from 
its mother through the placenta during the pregnancy offers partial, 
though incomplete, protection against the most severe cases of 
bronchiolitis during the first 4–6 weeks of life in term newborns.19

Regarding mortality, there were 85 deaths due to bronchio-
litis during this past 6 years in Spain, without finding statisti-
cally significant differences in the case-fatality rate between 
children above or below 1 year of age. However, this lack of 
statistical significance is probably due to the small sample size.

Previous studies in Spain showed a mean Hospitalization 
Rate of 2,413 cases per 100,000 susceptible children, with most 
cases in children below 1 year of age (4,136/100,000).1

Our study showed a significantly lower Hospitalization Rate 
in this population with 3,838 (3,814–3,862) per 100,000 suscep-
tible children. The clinical criteria to define bronchiolitis are 
different according to different sources and authors, and this 

Figure 1. Incidence of hospitalization associated with bronchiolitis per 100,000 children by age in month in Spain.
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difference could be due to the inclusion in our study of only the 
first episode of respiratory distress, excluding all further episodes

When comparing with other RSV-related infections in other 
countries in the 2014–2015 season, we find that UK (England 
and Scotland) have a mean annual incidence of hospital admis-
sions attributable to RSV of 28.3/100,000 in children below 
1 year old and 1.3/100,000 in children from 1 to 4 years old. In 
Slovenia RSV causes 105.9/100,000 children below 5 years of 
age to be hospitalized due to lower respiratory tract infections 

and 54.5/100,000 due to acute bronchiolitis. In France, the 
incidence rates of RSV-related infection varied between 145 
and 485 per 100,000. Sweden had a cumulative incidence of 
52.56/100,000.20

Compared to other studies in developed countries, our results 
are very similar. Consistently, studies find that most hospitaliza-
tions occur in the first months of age, and about 45% of hospital 
admissions and in-hospital deaths due to RSV-related bronch-
iolitis occur in children younger than 6 months,5 with 

Table 2. Hospitalization rate and case fatality rate of bronchiolitis by month of age and sex in Spain (2012–2017).

Age (in months) HR in males HR in females CFR in males CFR in females

0 8426.8 (8258.3; 8595.2) 7606.8 (7441.4; 7772.3) 0.102 (0.035; 0.169) 0.12 (0.042; 0.198)
1 13474.4 (13267.4; 13681.5) 10144.1 (9955.7; 10332.6) 0.057 (0.017; 0.096) 0.13 (0.059; 0.201)
2 8900.6 (8728; 9073.3) 6705.3 (6549.2; 6861.4) 0.043 (0.001; 0.085) 0.045 (−0.006; 0.097)
3 5256.3 (5121; 5391.7) 3806 (3686.5; 3925.4) 0.036 (−0.014; 0.087) 0.053 (−0.021; 0.127)
4 4094.2 (3974; 4214.4) 2941.9 (2836.5; 3047.4) 0.07 (−0.009; 0.149) 0.034 (−0.033; 0.102)
5 2937.8 (2835.4; 3040.2) 2043.4 (1955.1; 2131.7) 0.098 (−0.013; 0.208) 0.298 (0.06; 0.536)
6 2635.3 (2538.2; 2732.5) 1755.4 (1673.5; 1837.4) 0.073 (−0.028; 0.173) 0.116 (−0.044; 0.276)
7 1944.2 (1860.5; 2027.9) 1422.8 (1348.9; 1496.7) 0 (0; 0) 0 (0; 0)
8 1515.3 (1441.3; 1589.4) 1003 (940.8; 1065.1) 0 (0; 0) 0.202 (−0.078; 0.482)
9 1216.7 (1150.2; 1283.2) 875.2 (817; 933.3) 0 (0; 0) 0 (0; 0)
10 933.3 (875; 991.6) 743.3 (689.7; 797) 0.103 (−0.098; 0.303) 0 (0; 0)
11 747.6 (695.4; 799.9) 624.7 (575.5; 673.9) 0.128 (−0.123; 0.379) 0 (0; 0)
12 518.7 (476.7; 560.7) 469.5 (428.3; 510.7) 0.172 (−0.165; 0.508) 0.402 (−0.154; 0.959)
13 432.3 (393.9; 470.6) 372.2 (335.5; 408.9) 0.206 (−0.198; 0.61) 0.254 (−0.243; 0.751)
14 353.8 (319.1; 388.6) 318.4 (284.4; 352.3) 0 (0; 0) 0 (0; 0)
15 311.9 (279.3; 344.6) 302.3 (269.2; 335.4) 0 (0; 0) 0 (0; 0)
16 267.4 (237.2; 297.6) 250.3 (220.2; 280.4) 0 (0; 0) 0 (0; 0)
17 247.8 (218.7; 276.9) 226.7 (198.1; 255.4) 0.36 (−0.344; 1.063) 0.417 (−0.398; 1.232)
18 239.7 (211.1; 268.4) 203.1 (176; 230.2) 0.372 (−0.356; 1.099) 0 (0; 0)
19 173.8 (149.4; 198.2) 173.8 (148.7; 198.9) 1.026 (−0.389; 2.44) 0 (0; 0)
20 176.5 (151.9; 201) 167.2 (142.6; 191.8) 0 (0; 0) 0 (0; 0)
21 155.1 (132.1; 178.1) 164.4 (140; 188.8) 0 (0; 0) 0 (0; 0)
22 138.1 (116.4; 159.9) 146.4 (123.4; 169.5) 0.645 (−0.615; 1.906) 0 (0; 0)
23 120.3 (100; 140.6) 104.9 (85.4; 124.4) 0 (0; 0) 0 (0; 0)
Total 2227.9 (2210; 2245.9) 1719.5 (1703.2; 1735.8) 0.069 (0.048; 0.09) 0.1 (0.069; 0.13)

Figure 2. Incidence of hospitalization associated with bronchiolitis per 100,000 children by calendar month in Spain.
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a substantial RSV disease burden in neonates, with estimates of 
40 episodes per 1000 neonates per year (95% CI 2.5–635.7),6 but 
with low mortality and case-fatality rates.5,6,10,18,21

Consistent with previously published data, we showed that the 
hospitalization rate was significantly higher in boys.19 Several 
studies have shown that boys develop respiratory tract infections 
more frequently than girls, probably due to sex differences in the 
anatomy and physiology of the pediatric airway, as the peripheral 
airways are disproportionately narrower during the early years of 
life in boys, which may predispose them to lower respiratory tract 
infections.22–26

As for the limitations of this study, it is important to note that 
despite all cases of hospitalizations due to bronchiolitis being 
gathered, we were not able to take into account the bronchiolitis 
cases that are managed in the primary attention care clinics.

Furthermore, although we know that about 70–80% of bronch-
iolitis cases are caused by RSV, and that they tend to have a higher 
risk of hospitalization,8 in the patients included in this study we 
don’t have microbiological confirmation of RSV infection for all of 
them, so there is an uncertain number of bronchiolitis not caused 
by RSV in the sample, so the RSV associated hospitalizations 
results may be overestimated.

However, a strength of this study is that the data were 
gathered nationwide over 6 years. This will make it easier to 
calculate the real impact of future vaccination and immu-
notherapy on hospitalizations due to bronchiolitis in the 
Spanish population after their implementation.

Studies on the epidemiology and the incidence of bronchio-
litis are needed in order to evaluate current and future preven-
tive measures implementation. At the present moment, the 
burden of hospitalizations in Spain is quite significant, suggest-
ing the necessity of passive protection against RSV infection at 
birth, either through maternal immunization or the administra-
tion of an at-birth dose of extended half-life monoclonal anti-
bodies. Once an effective and safe vaccine against RSV is 
available, one strategy could be its administration to pregnant 
women, using their immune system for immunoglobulins trans-
mission to the newborns.27 This strategy has been proven useful 
before in whooping cough, as its mortality has decreased greatly 
since the start of vaccination of pregnant women.28,29 Thus, we 
could also have positive results against RSV bronchiolitis by 
applying the inactivated vaccine during the pregnancy.30

Vaccination of children at a very young age could be another 
strategy to evaluate, along with the particular seasonal character-
istics of RSV and the complexity of implementing a new vaccine 
into the current routine vaccination schedules. Some mathema-
tical models predicted that RSV vaccination could prevent 
29–48% of in-hospital deaths due to RSV.31 However, at the 
moment, most efforts to reduce the bronchiolitis disease burden 
are based on specific indications for monoclonal antibodies. 
Passive RSV antibody approaches have proven their efficacy in 
clinical trials, 32–38 but the currently available prophylaxis is lim-
ited to the administration of palivizumab to infants at a higher risk 
of serious RSV sequelae.39 Adding monoclonal antibodies for 
RSV prevention to all children in their first year of life during 
the epidemic months of RSV, besides administering inactivated 
RSV vaccine to pregnant women, could also be considered.5,40–44

The development of more effective preventive strategies 
(i.e., specific indications of monoclonal antibodies) is needed, 

especially for high-risk children, but also to prevent RSV infec-
tion in all children during their first year of life during the 
epidemic months of RSV, which may coincide with influenza 
or, nowadays, COVID-19 epidemics.
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