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Abstract

Knowing the burden of severe disease caused by influenza is essential for disease risk commu-
nication, to understand the true impact of vaccination programmes and to guide public health
and disease control measures. We estimated the number of influenza-attributable hospitalisa-
tions in Spain during the 2010–2011 to 2019–2020 seasons – based on the hospitalisations due to
severe acute respiratory infection (SARI) in Spain using the hospital discharge database and
virological influenza information from the Spanish Influenza Sentinel Surveillance System
(SISSS). The weekly numbers of influenza-attributable hospitalisations were calculated by
multiplying the weekly SARI hospitalisations by the weekly influenza virus positivity, obtained
from the SISSS in each season, stratified by age group and sex. The influenza-related hospital-
isation burden is age-specific and varies significantly by influenza season. People aged 65 and
over yielded the highest average influenza-attributable hospitalisation rates per season (615.6 per
100,000), followed by children aged under 5 (251.2 per 100,000). These results provide an
essential contribution to influenza control and to improving existing vaccination programmes,
as well as to the optimisation and planning of health resources and policies.

Introduction

Seasonal influenza epidemics present a considerable disease burden, causing a high number of
hospitalisations and deaths, as well as significant resource consumption worldwide [1]. The latest
estimates from the World Health Organization (WHO) indicate that there are between 3 and
5 million severe cases annually, with an estimated number of influenza-related deaths ranging
from 290,000 to 650,000 worldwide, depending on the season [2]. In Europe, influenza is
associated with 5 million infections with mild symptoms, 150,000 hospitalisations, and 15,000
to 40,000 deaths annually [3]. These estimates are similar to those of the GLaMORProject, which
found that 27,600 respiratory deaths were associated with seasonal influenza in 28 EU countries
per winter [4].

The most effective methods to prevent and control the influenza virus, within those con-
sidered acceptable to implement, are influenza vaccination programmes [5]. TheWHOpublishes
twice-yearly recommendations on the strains to include in the influenza vaccine for the
upcoming season, one in February for the Northern Hemisphere [6] and another in September
for the Southern Hemisphere [7]. These recommendations aim to facilitate the creation of
vaccines with viruses as similar as possible to those circulating in the population recently. The
European Centre for Disease Prevention and Control (ECDC) also publishes national influenza
vaccination recommendations and vaccination coverage rates for the 27member states [8]. How-
ever, despite national and international recommendations, influenza vaccination coverage
remains low and vaccination coverage for 65 years and over in 22 European countries was well
below the 75% threshold recommended by the Council of the EuropeanUnion for the 2007–2008
to 2017–2018 seasons [8, 9].

The influenza vaccine was introduced in Spain in the early 1980s [10]. Currently, the
Interterritorial Council of the National Health System (CISNS) recommends influenza vaccin-
ation for those aged 65 and over and those aged 6 months or older at high risk of complications
from influenza [11]. Even so, Spain’s flu vaccination coverage has decreased in recent years from
57.7% in the 2011–2012 season to 54.7% in 2019–2020 [12].

One of the reasons for this low coverage is a lack of knowledge about the actual severity of
influenza and its disease burden [13]. Knowing the burden of severe disease caused by influenza is
essential for disease risk communication, understanding the true impact of vaccination pro-
grammes, and guiding public health and disease control measures [13–15].

In America, the Centers for Disease Control and Prevention (CDC) publishes annual
estimates of the burden of disease caused by influenza in terms of mild illness, hospitalisations,
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and influenza-associated deaths in the United States. In the 2021–
2022 season, the CDC estimated 9,000,000 influenza illnesses,
4,000,000medical visits for flu, 100,000 flu-attributable hospitalisa-
tions, and 5,000 deaths [16].

Other examples of studies that estimate hospitalisations and
deaths attributable to influenza have been conducted throughout
the Americas [13] and in the United States [17], Argentina [18],
Finland [19], Russia [20], or Portugal [21].

In Spain, the National Center of Epidemiology (CNE) at the
Carlos III Health Institute estimates the seasonal burden of influ-
enza based on the information provided by the influenza surveil-
lance systems, including the number of cases of mild influenza
attended to in primary care, hospitalisations, and admissions to
intensive care units (ICUs) with confirmed influenza and all-cause
excess mortality attributable to influenza. During the 2017–2018 to
2019–2020 seasons, influenza epidemics were produced between
28,000 and 52,000 hospitalisations with influenza [22], updating
previously published estimates [23]. However, disease burden esti-
mates from surveillance systems have limitations and may under-
estimate Spain’s true influenza burden. Hospital influenza
surveillance systems are based on reporting hospitalised cases that
have been laboratory-confirmed as influenza. As the number of
confirmed influenza hospitalisations reported depends directly on
the swabbing policy in each participating hospital, this can lead to
an underestimation of the real number of influenza hospitalisa-
tions, making the estimation of hospitalisations attributable to
seasonal influenza epidemics a real challenge [13, 16, 23].

Some authors have approached this question using different
methodologies, not based on hospital surveillance systems but on
information fromhospital discharge databases in combinationwith
influenza circulation data from surveillance systems [13, 14, 24].

In Spain, we have a very reliable influenza sentinel surveillance
system (Sistema Centinela de Vigilancia de Gripe en España
(SISSS)), which in the 2019–2020 season included 555 primary care
physicians and 217 paediatricians and monitored 2.4% of the
population of the seventeen autonomous communities (CCAA)
that use the influenza sentinel surveillance networks [25]. Further-
more, since 1996 and until the emergence of SARS-CoV-2 in 2020,
the SISSS has provided timely epidemiological and virological
information on the pandemic [26] and seasonal influenza activity
in Spain [25], with consistent epidemiological and virological sur-
veillance indicators at national and regional levels.

Based on the estimated hospitalisations due to severe acute
respiratory infection (SARI) in Spain using the hospital discharge
database and the influenza virological information from the SISSS,
this study aimed to estimate the number of influenza-attributable
hospitalisations in Spain across the 2010–2011 to 2019–2020 sea-
sons.

Methods

Population and study period

Our study included all patients hospitalised for a severe acute
respiratory infection (SARI) during the 2010–2011 to 2019–2020
influenza seasons in Spain.

Study design and information sources

We conducted a retrospective observational ecological study using
discharge records from the Minimum Basic Data Set (CMBD) and
information from the SISSS.

The CMBD is a hospital discharge database covering approxi-
mately 98% of public hospitals in Spain, although the number of
private hospitals included has increased since 2005, with 85% of the
discharge diagnostic data corresponding to public hospitals in 2018
[27]. Diagnoses were coded using the International Classification of
Diseases (ICD) 9th revision, clinical modification (ICD-9) until
1 January 2016 and the ICD-10-CM since.

The weekly percentage of influenza virus positivity was
obtained from the SISSS as the ratio between the number of
laboratory-confirmed influenza cases and the respiratory swabs
from the influenza-like illness (ILI) cases visiting sentinel phys-
icians in primary care. Weekly influenza positivity was calculated
for all ages and for the 0–4, 5–14, 15–64, and 65 and over age
groups in each of the ten influenza seasons studied: 2010–2011 to
2019–2020.

Definition of SARI hospitalisation

A SARI hospitalisation was defined as an episode with any of the
ICD codes listed in Table 1 included in the principal diagnosis.
These ICD codes indicative of SARI were defined in the ‘Protocol
for hospital-based, test-negative case–control studies to measure
seasonal influenza vaccine effectiveness against laboratory-
confirmed influenza SARI hospitalization’ [28], recently updated
by the ECDC [29].

Table 1. SARI-related ICD codesa

Diagnosis category Sign or symptom ICD-9 ICD-10

Influenza-like illness Cough 786.2 R05

Difficulty breathing 786.05 R06

Sore throat 784.1 R07.0

Dysphagia 787.20 R13

Fever 780.6 R50.9

Headache 784 R51

Myalgia 729.1 M79.1

Fatigue/malaise 780.79 R53.1
R53.81
R53.83

Cardiovascular Acute myocardial
infarction or acute
coronary syndrome

410–411,
413–414

I20–23
I24–25

Heart failure 428–429.0 I50, I51

Respiratory Emphysema 492 J43.9

Chronic obstructive
pulmonary disease

496 J44.9

Asthma 493 J45

Myalgia 786.0 R06.0

Dyspnoea/respiratory
abnormality

786.00 R06.9

Respiratory
abnormality

786.05 R06.02

Shortness of breath 786.09 R06.00
R06.09
R06.3
R06.89

(Continued)
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Definition of the influenza season

An influenza season is when the flu virus is expected to circulate
with greater intensity than in the rest of the year. In Spain, as a
temperate country in the Northern Hemisphere, this period begins
in epidemiological week 40 of one year and ends in week 20 of the
following, from approximately October to May.

Data analysis

During the influenza seasons studied, the weekly number of SARI
hospitalisations was estimated for all ages and for the 0–4, 5–14,

15–64, and 65 and over age groups. To calculate the weekly number
of influenza-attributable hospitalisations, we multiplied the weekly
SARI hospitalisations by the weekly influenza virus positivity per-
centage in each season, obtained from the SISSS (Figure 1) by age
group and sex. The total number of influenza-attributable hospi-
talisations by age group in each season was calculated with the sum
of the respective weekly estimates. We divided this number by the
corresponding population in the analysed group to obtain the
hospitalisation rates attributable to influenza by sex and for all ages
and the analysed age groups in each influenza season (Figure 1).
Crude rates are shown as SARI-attributable hospitalisations per
100,000 population.We used the exact method to calculate the 95%
confidence intervals (CIs), assuming that influenza-related hospi-
talisations follow a Poisson distribution.

Population data by age and sex were obtained from the Spanish
Statistical Office (INE). For each season, we used the population
corresponding to the second year of the influenza season as the
denominator.

We used the statistical package Stata 16.1 and Microsoft Excel
2013 for data treatment.

This study did not require the approval of an ethics committee,
as the data obtained from hospital discharge and influenza surveil-
lance systems are anonymised. Therefore, they did not include any
personal identification codes or other personal information.

Results

Number of SARI hospitalisations by season and age group

The highest number of SARI hospital admissions occurred in the
2019–2020 season (303,781 hospitalisations), followed by 2017–
2018 (277,831) and 2016–2017 (267,297) (Table 2). By age group,
the highest number of hospitalisations occurred in the 65 and over
age group, with the highest number of SARI hospitalisations in the
2017–2018 season (198,670 hospitalisations) (Table 2). In the
15 and under age group, the differences in the number of SARI
hospitalisations between seasons were smaller (Table 2). For the 0–
4 age group, seasonal SARI hospitalisations increased from 2015 to
2016 onwards (Table 2).

Percentage of sentinel samples positive for influenza viruses by
season and age group

During the study period, A(H1N1)pdm09 was the dominant strain
in three influenza seasons (2010–2011, 2015–2016, and 2019–2020),
A(H3N2) in another three (2011–2012, 2014–2015, and 2016–2017),
influenza B in 2012–2013, and a mix of circulating viruses was
observed in 2013–2014, 2017–2018, and 2018–2019 (Table 3).

Sentinel respiratory influenza sample positivity for each season
studied and by age group is shown in Table 3. The average seasonal
positivity for all ages was 51.4%, ranging from 45.0% in the 2010–
2011 season to 58.2% in 2017–2018 (Table 3). By age group, the
5–14 age group yielded the highest positivity, with 67.0% in the
2019–2020 season and 62.2% in 2017–2018. 65 and over (59.0%)
and under 5 years (52.0%) had the highest positivities in the 2017–
2018 season (Table 3).

Weekly SARI hospitalisations and influenza-attributable
hospitalisations by age group

The weekly distribution of SARI hospitalisations and influenza-
attributable hospitalisations, during the ten influenza seasons

Table 1. (Continued)

Diagnosis category Sign or symptom ICD-9 ICD-10

Infections Pneumonia and
influenza

480–488.1 J09-J18

Other acute lower
respiratory
infections

466, 519.8 J20-J22

Viral infection,
unspecified

790.8 B34.9

Bacterial infection,
unspecified

041.9 A49.9

Bronchitis 490, 491 J40, 41

Inflammation SIRS noninfectious
without acute organ
dysfunction

995,94 R65.11

SIRS noninfectious
with acute organ
dysfunction

995,93 R65.10

Deterioration of
general condition
or functional
status

General physical
deterioration,
lethargy, tiredness

780,79 R53.1
R53.81
R53.83

Anorexia 783.0 R63.0

Feeding difficulties 783,3 R63.3

Abnormal weight loss 783.21 R63.4

Other symptoms and
signs concerning
food and fluid intake

783.9 R63.8

Disorientation/altered
mental status

780.97 R41.0

Dizziness and giddiness 780.4 R42

Infective delirium 293.0, 293.1 F05

Coma 780.01 R40.2

Transient alteration of
awareness

780.02 R40.4

Other alterations of
consciousness
(somnolence,
stupor)

780.09 R40.0
R40.1

Febrile convulsions
(simple), unspecified

780.31 R56.00

Complex febrile
convulsions

780.32 R56.01

Abbreviation: ICD, International Statistical Classification of Diseases and Related Health
Problems.
aBased on ref. [28, 29].
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studied, by age group and for all ages, is shown in Figure 2. Both
followed the same pattern over time, with hospitalisations peaking
between the last weeks of one year and the first weeks of the
following year.

In the 0–4 age group, the highest weekly number of SARI
hospitalisations was observed in the 2018–2019 season (1,943 SARI
hospitalisations in week 51/2018), followed by 2019–2020 (1,862
SARI hospitalisations in week 51/2019), while influenza-
attributable hospitalisations reached a high in the 2015–2016
season (1,076 hospitalisations in week 53/2015), followed by
the 2017–2018 season (1,006 hospitalisations in week 52/2017)
(Figure 2a). In the first five seasons of the study (2010–2011 to
2014–2015), the estimated number of influenza-attributable SARI
hospitalisations was considerably lower than in the rest of the
studied seasons (Figure 2a).

In the 5–14 age group, we estimated a lower number of weekly
SARI hospitalisations during the study period, not reaching

200 SARI hospitalisations in any week, nor more than 150 attrib-
utable to influenza (Figure 2b).

In the 15–64 age group, SARI hospitalisations were estimated
at 1,000–1,500 hospitalisations per week. The 2019–2020 season
was the one that featured the highest number of hospitalisations
attributable to influenza, reaching 5,787 in week 11/2020
(Figure 2c).

The 65 and over age group yielded the highest weekly hospital-
isation numbers, for both SARI and influenza (Figure 2d). In this
age group, the number of SARI hospitalisations reached almost
4,000 in every week of the seasons studied (Figure 2d). The highest
estimated weekly numbers of influenza-attributable hospitalisa-
tions were found in the 2011–2012, 2014–2015, 2016–2017, and
2017–2018 seasons (Figure 2d).

The weekly number of SARI hospitalisations for all ages pre-
sented a maximum that ranged between 6,000 and 8,000 hospita-
lisations (Figure 2e), with the most affected seasons similar to those
noted for the 65 and over age group (Figure 2e).

Weekly influenza-attributable hospitalisations by sex

The number of weekly hospitalisations attributable to influenza was
higher in men than in women in all seasons studied, with higher
differences in the periods of maximum influenza activity (Figure 3).

Number and seasonal average influenza-attributable
hospitalisation rates by season and age group

A seasonal average of 84,551 influenza-attributable hospitalisations
was estimated, ranging from 65,089 in the 2010–2011 season to
118,716 hospitalisations in 2017–2018 (Table 4). Those seasons had
minimum and maximum influenza-attributable hospitalisation
rates of 141.5 and 256.4 hospitalisations per 100,000 inhabitants.

By age group, the seasonal average number of influenza-
attributable hospitalisations was estimated at 52,244 for 65 years
and over, 16,614 for 15- to-64-year-olds, 1,125 for 5- to
14-year-olds, and 5,388 for under 5 years (Table 4).

Figure 1. Scheme of the method followed to estimate the number and rate of hospitalisations attributable to influenza.

Table 2. Number of hospitalisations for severe acute respiratory infections
(SARIs) by season and age group. Spain, seasons 2010–2011 to 2019–2020

Season 0–4 years 5–14 years 15–64 years ≥65 years Total

2010–2011 13,690 4,030 47,423 161,185 226,328

2011–2012 10,965 2,879 41,477 171,516 226,837

2012–2013 9,957 3,206 43,809 165,118 222,090

2013–2014 10,064 3,269 44,459 168,053 225,845

2014–2015 10,431 3,864 46,318 197,176 257,789

2015–2016 16,770 2,992 48,402 179,695 247,859

2016–2017 22,396 2,122 45,975 196,804 267,297

2017–2018 24,467 2,371 52,323 198,670 277,831

2018–2019 24,635 2,704 50,858 172,633 250,830

2019–2020 21,518 2,412 88,968 190,883 303,781
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Figure 2.Weekly number of SARI hospitalisations and hospitalisations attributable to influenza by age group. Spain, seasons 2010–2011 to 2019–2020. A) 0-4 years, B) 5-14 years, C)
15-64 years, D) ≥65 years and E) All ages.

Table 3. Percentage of sentinel samples positive for influenza viruses by season and age group. Spain, seasons 2010–2011 to 2019–2020

Season
Dominant
influenza virus 0–4 years 5–14 years 15–64 years ≥65 years All ages

2010–2011 A(H1N1)pdm09 37.6% 50.1% 45.9% 25.7% 45.0%

2011–2012 A(H3N2) 47.9% 51.8% 49.2% 56.8% 50.0%

2012–2013 B 39.8% 58.8% 52.5% 36.2% 51.4%

2013–2014 A(H1N1)pdm09/(A(H3N2) 45.1% 47.7% 53.4% 43.0% 50.3%

2014–2015 A(H3N2) 40.9% 61.9% 53.8% 54.6% 54.5%

2015–2016 A(H1N1)pdm09 46. 8% 55.8% 51.7% 39.6% 51.2%

2016–2017 A(H3N2) 36.3% 51.4% 49.4% 45.6% 47.8%

2017–2018 B/A(H3N2) 52.0% 62.2% 57.6% 59.0% 58.1%

2018–2019 A(H3N2)/ A(H1N1)pdm09 46.7% 59.0% 50.1% 46.4% 51.5%

2019–2020 A(H1N1)pdm09 49.1% 67.0% 50.4% 34.5% 53.7%

Season average 44.2% 56.6% 51.4% 44.1% 51.4%
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The highest hospitalisation rates were estimated for 65 years and
over in all seasons studied, with maximum rates for this age group
found in the 2011–2012, 2014–2015, and 2017–2018 influenza
seasons (Figure 4 and Table 4). Average seasonal hospitalisation
rates attributable to influenza were estimated at 615.6 per 100,000
inhabitants for 65 years and over, 251.2 for those under 5 years, 24.0

for 5- to 14-year-olds, and, finally, 53.8 per 100,000 inhabitants for
15- to 64-year-olds (Table 4 and Figure 4).

Higher differences in hospitalisations attributable to influenza
between seasons were observed in the 0–4 and 65 and over age
groups. For the 0–4 age group, rates ranged from 101.0 hospitalisa-
tions per 100,000 in 2012–2013 to 477.6 in 2017–2018. In the 65 and

Figure 3. Number of weekly hospitalisations attributable to influenza by sex. Spain, seasons 2010–2011 to 2019–2020.

Table 4. Number and crude rates of hospitalisations attributable to influenza by season and age group. Spain, 2010–2011 to 2019–2020 season

0–4 years 5–14 years 15–64 years ≥65 years All ages

Season N Rate (95% CI) N Rate (95% CI) N Rate (95% CI) N Rate (95% CI) N Rate (95% CI)

2010–2011 3,934 161.3
(156.3–166.4)

1,248 27.9
(26.4–29.5)

14,278 45.7
(45.0–46.5)

31,603 402.8
(398.4–407.3)

65,089 141.5
(140.4–142.6)

2011–2012 3,467 138.8
(134.2–143.5)

1,064 23.6
(22.2–25.0)

14,099 44.5
(43.8–45.3)

68,925 863.4
(857.0–869.9)

80,356 172.2
(171.0–173.4)

2012–2013 2,453 101.0
(97.0–105.0)

1,286 28.1
(26.6–29.6)

14,291 45.5
(44.7–46.2)

37,315 459.5
(454.9–464.2)

71,474 153.5
(152.4–154.7)

2013–2014 2,530 107.1
(102.9–111.3)

965 20.8
(19.5–22.1)

15,339 49.2
(48.4–50.0)

46,960 568.0
(562.9–573.2)

71,505 153.9
(152.7–155.0)

2014–2015 2,815 122.5
(118.0–127.1)

1,540 32.6
(31.0–34.3)

16,455 53.1
(52.3–53.9)

67,726 804.0
(798.0–810.1)

93,530 201.4
(200.1–202.7)

2015–2016 7,165 320.4
(313.0–327.9)

1,178 24.6
(23.2–26.0)

17,353 56.3
(55.5–57.2)

50,338 586.1
(580.1–591.2)

90,053 193.9
(192.7–195.2)

2016–2017 5,805 269.8
(262.9–276.9)

686 14.2
(13.2–15.3)

14,526 47.3
(46.6–48.1)

59,382 681.6
(676.2–687.2)

87,179 188.0
(186.7–189.3)

2017–2018 9,852 477.6
(468.2–487.1)

1,003 20.7
(19.5–22.1)

22,848 74.8
(73.8–75.7)

81,099 917.4
(911.1–923.8)

118,716 256.4
(254.9–257.9)

2018–2019 7,783 392.8
(384.1–401.6)

1,023 21.2
(19.9–22.5)

16,385 53.8
(53.0–54.7)

48,956 544.2
(39.4–549.0)

82,464 178.4
(177.1–179.6)

2019–2020 8,078 421.0
(411.9–430.3)

1,261 26.4
(25.0–27.9)

20,563 67.8
(66.9–68.7)

30,134 329.4
(325.7–333.1)

85,143 184.4
(183.2–185.7)

Season average 5,338 251.2
(244.9–257.7)

1,125 24.0
(22.6–25.4)

16,614 53.8
(53.0–54.6)

52,244 615.6
(610.4–620.9)

84,551 182.4
(181.29–183.6)
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over age group, rates ranged from 402.8 in 2010–2011 to 917.4 in
2017–2018 (Table 3 and Figure 4).

Discussion

We estimated the burden of influenza-attributable hospitalisations
in Spain during the 2010–2011 to 2019–2020 seasons. An estimated
seasonal average of nearly 85,000 influenza-attributable hospitali-
sations was found, with an average annual rate of 182.4 influenza-
attributable hospitalisations per 100,000 population.

In this study, we used data from the CMBD and SISSS to
identify the respiratory pathologies of patients discharged from
hospital and the influenza virus positivity during each influenza
season in Spain. Similar approaches have been used to estimate
the impact of influenza on hospitals in Portugal, estimating
5,107–6,742 hospitalisations for 65 years and over during the
2014–2015 to 2016–2017 seasons [14]. Another study conducted
in 16 countries across the Americas between 2010 and 2015
reported a range of 287 to 734 hospitalisations per 100,000
inhabitants in the United States alone, for the 65 and over age
group from 2010 to 2013 [13]. These figures are similar to our
estimates of 402.8 to 917.4 hospitalisations per 100,000 for this
age group. However, other countries showed greater differences
than our results, such as Cuba, with 7–46 hospitalisations attrib-
utable to influenza per 100,000 inhabitants [13]. These differences
are likely due to different countries’ hospitalisation policies, codes
used to select SARI, and types of surveillance systems. Previous
studies in Spain estimated a range of 147 to 247 influenza-
attributable hospitalisations per 100,000 inhabitants for the
2000 to 2004 seasons [24], which is in a very similar range to
the results of the present study (141.5 to 256.4 influenza-
attributable hospitalisations per 100,000 population), despite the
use of different SARI codes and seasons.

Our results showed that the burden of influenza-related hospi-
talisations is age-specific and varies significantly by influenza sea-
son. Persons aged 65 and over presented the highest hospitalisation
rates (917.4 hospitalisations per 100,000), consistent with having
the highest risk of developing complications from influenza [3,
30]. The second highest number of estimated hospitalisations
attributable to influenza, although far lower than that for the
elderly, was for children aged under 5 (477.6 hospitalisations per
100,000). A similar pattern of influenza-attributable

hospitalisations by age has been reported in previous studies con-
ducted in the Americas [13], with 141 for 65 years and over and
90 for children aged under 5 influenza-attributable hospitalisation
rates; the United States with 309.1 and 151.0 [17]; Finland with 47.3
and 15.2 [19]; and Chile with 156.0 and 71.5 [31]. Different studies
in Spain also showed the highest number of influenza-attributable
hospitalisations in those aged 65 and over and in children aged
under 5 [23, 24, 32]. Differences found in the influenza-attributable
hospitalisation rates as compared to our study might be due to
differences in surveillance systems, the use of different codes to
select SARI, or even differences between countries in the criteria for
hospitalisation, reflecting the specific health systems in place in
each country.

In contrast, another study conducted in Spain estimated the
highest admission rates (60.1 per 100,000 inhabitants) for children
aged under 5 between 2009 and 2015 [33]. In a study conducted in
England, almost 40% of influenza-attributable hospitalisations
were in children aged under 15 [34].

In our study, we estimated the highest all-age rate of influenza-
attributable hopitalisations in the season 2017–2018. In this season,
the influenza activity wasmainly associated with the circulation of a
B Yamagata virus, not included in the influenza vaccine for that
year, which correlated with unexpected all-cause excess mortality
[25, 35]. In the 2014–2015 season, we observed the second highest
all-age rate of influenza-attributable hospitalisations, at 201.4
influenza-attributable hospitalisations per 100,000 population.
The predominant influenza virus circulating in Spain that season
was A(H3N2) with a B virus circulating at the end of the epidemic
period [36]. In addition, this season recorded the highest cumula-
tive influenza rate since the 2009 pandemic, suggesting high disease
transmissibility [25].

The influenza hospitalisation burden is different for each age
group in each season. In the 65 and over age group, the highest
hospital burden occurred in 2017–2018 with 917.4 influenza-
attributable hospitalisations per 100,000, followed by 2011–2012
with 863.4 and 2014–2015 with 804.0. Surveillance of severe hos-
pitalised confirmed influenza cases also attributed the highest
hospitalisation rates to the 65 and over age group in those seasons
[25]. These results coincide with the dominance of the A(H3N2)
virus, which has been associated with a heavy impact on both
hospitalisations and deaths attributable to influenza in the elderly
[37, 38].

Figure 4. Crude rates of hospitalisations attributable to influenza by season and age group. Spain, seasons 2010–2011 to 2019–2020.
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In the 5–14 age group, the highest estimated influenza-related
hospitalisation rates were in seasons with significant influenza B
circulation. This virus was dominant in Spain in the 2012–2013
season and presented late activity peaks in the 2014–2015 and
2015–2016 seasons [25]. In 2015–2016, virtually all confirmed
influenza hospitalisations reported to the severe influenza sur-
veillance system in that age group were due to influenza B. Several
studies have confirmed that influenza B predominantly affects
the 5–14 age group. A meta-analysis conducted in twenty-nine
countries in different world regions between 1999 and 2014
found that infection with B influenza was the most frequent
among older children [37]. Another study concluded that influ-
enza B generally affected younger people than influenza A, espe-
cially school-aged children (5 to 17) and adults (18 to 64)
[39]. Similar results were also found in other studies conducted
in Germany and Italy [40, 41].

Children aged under 5 had the highest hospitalisation rates in
the 2017–2018 and 2019–2020 seasons, when influenza B was
either dominant (B Yamagata in 2017–2018) or co-circulating
with other influenza viruses, such as A(H1N1)pdm09 in 2018–
2019 [25]. These results suggest the potential for influenza B to
cause serious illness among young children and are consistent
with previous data from hospital surveillance in Spain that show
high hospitalisation rates for 5 years in the 2017–2018
(34.7/100,000) and 2019–2020 seasons (52.4/100,000) [25]. How-
ever, differences in influenza-related hospitalisation across sea-
sons in under 5 years should be interpreted with caution. The
change in clinical discharge diagnostic codes from ICD-9 to
ICD-10 in January 2016 could have led to higher numbers of
specific and unspecific SARI infections in children being reported.
The difference might also be attributable to the lower number of
SARI hospitalisations in the under 5 years before the 2015–2016
season. In the 15–64 age group, although slightly higher in 2017–
2018 than in other years, no notable differences were found in
hospitalisation rates across the different seasons.

Hospitalisation distribution by sex presents a higher influenza
hospitalisation burden in men than women throughout the study
period, with the greatest differences observed in peak activity
weeks. However, we found mixed evidence for how sex may
influence influenza disease burden estimates. For example, some
studies consider being a woman a protective factor for the most
critically ill patients [42]; others, depending on the type of influ-
enza virus involved, claim that more cases are reported in adult
woman age groups, probably linked to differences in health-
seeking behaviour [43].

This study has several limitations. First, as with previous studies
using similar estimation approaches, we have conducted an eco-
logical study that utilises different data sources, which limits the
study’s external validity [14]. In addition, using different case
definitions, estimation methods, and data sources limits the pos-
sible comparison between our results and those obtained in other
influenza hospitalisation burden studies. In fact, differences in the
SARI codes used for the extraction of clinical episodes potentially
related to influenza are extensive. Some authors included ICD
respiratory discharge-coded hospitalisations in principal diagnos-
tics [13]; other SARI codes correspond to influenza, viral or
unspecified pneumonia, bacterial pneumonia, febrile convulsions,
and acute respiratory distress syndrome (ARDS) [19]. In a previous
Spanish study, they even used ICD codes for pneumonia (due to all
viral, bacterial, and unknown causes), chronic bronchitis, heart
failure, and influenza present in all possible diagnostics
[24]. Remarkably, the use of respiratory and non-respiratory SARI

codes is very frequent in influenza hospitalisation burden studies.
However, by including all SARI codes listed in Table 1, we might
ourselves be overestimating the influenza burden in hospitals.
However, we only recorded the diagnostics included in the CMBD
as principal diagnoses, in contrast to other authors who also used
secondary diagnoses. In addition, data from the CMBD hospital
discharge records do not include laboratory information, only the
coding of diagnoses and some procedures. This lack of information
hinders the ability to estimate the actual number of hospitalisations
attributable to influenza and leads to the necessity of using the
external SISSS database to obtain an estimate of hospitalised influ-
enza cases [14, 24]. Information about readmissions [24, 33] is not
included either, which could overestimate the impact of influenza
admissions. However, as these limitations are present in all seasons,
our results should be reasonably comparable across the influenza
seasons studied. In addition, although the delay between influenza
community circulation and influenza hospitalisations is variable
across the seasons and does not occur in all of them, it is possible
that in some influenza seasons not applying a potential delay might
somehow modify the estimated burden of hospitalisations attrib-
utable to influenza. Furthermore, the higher number of SARI
hospitalisations in the 2019–2020 season, from March 2020, espe-
cially in individuals aged 15 years and over is likely related to the
emergence of the COVID-19 pandemic. This increase might con-
tribute to an overestimation of the influenza hospitalisation burden
in the last part of the 2019–20 season.

Finally, the virological surveillance information from the SISSS
only captures influenza cases that access the health system, usually
with respiratory symptoms. However, it does not consider cases in
the community that are asymptomatic or those with milder symp-
toms that do not access the health system. This is a general limita-
tion of using influenza surveillance data sources for disease burden
estimates.

The study also has several important strengths. First, the weekly
integration of hospital discharge records with influenza surveil-
lance data. These two different data sources are easily accessible,
and therefore, the study could be replicated in subsequent seasons.
Second, the method used to estimate the influenza-attributable
hospitalisation burden is comparable to that of other authors
who have estimated this burden in the Americas [13], Portugal
[14], and Spain [24]. Third, the use of hospitalisations due to acute
respiratory infections and correction for influenza virus circulation
improves the specificity of the influenza hospitalisation estimates
[14]. Finally, this analysis is an alternative to that previously used in
Spain [23]. It is important to note that, based on hospital influenza
surveillance systems in Spain, the National Centre for Epidemi-
ology has estimated between 28,000 and 52,000 confirmed influ-
enza hospitalisations per annum in persons 65 and over [22] during
the 2017–2018 to 2019–2020 seasons, which is comparable to the
estimated annual average of 52,000 influenza hospitalisations pre-
sented in this study. This comparison substantiates the results
obtained by this study.

To conclude, our study provides evidence of the high influenza-
attributable hospitalisation burden in Spain during the ten-season
period between 2010–2011 and 2019–2020 by age, sex, and seasonal
influenza epidemic. People aged 65 years and over and children
aged under 5 have the highest hospitalisation rates, as observed in
other countries and regions. These influenza burden estimates are
continuously updated and are essential to understanding annual
influenza epidemics’ real impact on populations and healthcare
systems. Additionally, having burden estimates available by age
group and season is critical when assessing the impact of influenza
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vaccination programmes and the benefits of increasing vaccination
coverage in the population, especially in groups at high risk of
influenza complications. Based on the high burden of influenza
hospitalisation for the elderly in Spain, any public health measure
that contributes to an increase in vaccine coverage for this age
group and for other high-risk groups should be prioritised. The
results of this study can provide an essential contribution to help
guide public health measures for influenza control and for improv-
ing existing vaccination programmes, as well as aiding the opti-
misation and planning of health resources and policies.
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