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ABSTRACT

Universal access to influenza vaccination in pediatric age is crucial to reducing the burden of influenza
among children. This study aimed to assess whether school-based influenza vaccination programs
improve access and equity compared to health center-based campaigns, by comparing coverages by
parental origin and economic status. We performed an observational, cross-sectional, population-based
study in the Region of Murcia, Spain, using data from the regional registry of vaccinations (VACUSAN).
Participants were 2018 and 2019-borns vaccinated with live attenuated influenza vaccine (LAIV) during
the 2022-2023 health center-based vaccination campaign, and 2019 and 2020-borns vaccinated during
the 2023-2024 school-based campaign as well as children born in 2021 before October 9, vaccinated
during the 2023-2024 campaign at health centers. The outcome measure was vaccination coverage for
each campaign and birth cohort by main parent’s origin and economic section. During the 2022-2023
campaign 11,122 3 and 4-year-old children were vaccinated and 16,870 during the 2023-2024 school-
based campaign; an additional 4605 2-year-old children were vaccinated at health centers in 2023-2024
campaign. Global coverage rose for 3 and 4-year-olds between campaigns for all main parent’s origin and
economic sections, with the biggest rise for the Western Mediterranean Origin. Similar results were
observed for economic section FOO03 (foreign children without residence permit). During 2023-2024
campaign, 3 and 4-year-olds, vaccinated at school, achieved higher coverages than 2-year-olds, vacci-
nated at health centers, with the biggest differences for section 001 (lowest income). School vaccination
campaigns achieve higher coverage than health center-based campaigns, particularly among children
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from disadvantaged socioeconomic groups, thereby promoting equity.

Introduction

Influenza is a common disease in the pediatric population; in
children under five years of age, it is of great importance due to
its possible complications and its high morbidity and
mortality.1 In Spain, in three of the seasons from 2013-2014
to 2019-2020, the cumulative incidence of hospital admissions
in the group of children under five years of age was even higher
than in people aged 65 and older, with an average of 822
serious admissions per season and 249 in intensive care units
(ICU), as well as a mean of eight deaths per season according
to the Surveillance System for Confirmed Serious Hospitalized
Influenza Cases. Furthermore, 68.4% of severely hospitalized
children and 56.1% of ICU admissions in this age group did
not have any known risk factors.”

World Health Organization (WHO)? and other interna-
tional organizations, such as European Centre for Disease
Prevention and Control (ECDC)* or Advisory Committee in
Immunization Practices (ACIP),” recommended including
children between 6 and 59 months of age as target popula-
tion for influenza vaccination, due to the high burden of
disease in this age group. Influenza vaccine is currently
included for this age group in the vaccination schedule of
more than 70 countries.® In October 2022, the document
“Recommendation of influenza vaccination in the pediatric

population from 6 to 59 months of age,”” elaborated by the
Spanish National Immunization Technical Advisory Group
(NITAG) was approved. In Spain, this recommendation is
included in the Immunization Schedule across the life
course since 2023.”

The Region of Murcia was one of the three Spanish regions
that implemented this vaccination in the 2022-2023 season.
Furthermore, the Region of Murcia was the first in the country
to pioneer the vaccination of children aged 24 to 59 months
with a single dose of the live attenuated intranasal vaccine
(LAIV), provided there were no contraindications; for those
from 6 to 23 months of age, the vaccine administered was the
inactivated intramuscular vaccine (IIV).® This first campaign
was carried out in health centers and regular vaccination posts.
A regional coverage of 45.15% was finally achieved.” To reach
the target coverage of 50%, after a successful pilot in the
previous season in 24 schools within 6 weeks of the start of
the vaccination campaign'® which succeeded in increasing
coverage and accessibility, it was decided to implement school
vaccination in the 2023-2024 season. This program included
every 3- and 4-year-old child attending the 1st and 2nd years of
Infant Education (born in 2019 and 2020), maintaining the
vaccination of the remaining cohorts in the usual health cen-
ters and vaccination posts.'!
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The successful results of the school vaccination pilot cam-
paign developed in the Region of Murcia are in line with the
experience of neighboring countries, such as the United
Kingdom,'” Ireland" or Finland,'* among others, with school
flu vaccination programs for years.

Spain consists of 17 autonomous communities, including
the Region of Murcia, and two autonomous cities. Its National
Health System provides free vaccines included in the life-
course schedule, with healthcare managed at both national
and regional levels."” Vaccination program responsibilities
are delegated to autonomous communities, leading to varia-
tions in campaign start dates and implementation. Education
in Spain is compulsory and universal for primary and second-
ary levels, regardless of students’ legal status; schooling in
the second cycle of Infant Education (3-5 years) is not com-
pulsory, but there is a very high enrollment rate at this age. The
Region of Murcia is located in the southeast of Spain, with
a population of 1,552,457 inhabitants according to the 2023
official population census, 4.07% of the total national cohort.'*
It is home to a significant number of migrant population. 41%
of foreigners living in Murcia are from Morocco, and 19%
come from Latin America.'®"”

From a public health perspective, assessing whether policy
changes, such as vaccination programs, improve population
health is essential. Reducing the burden of influenza requires
high vaccination coverage and equitable access across all popu-
lation sectors, to reduce the circulation of the virus. While
evidence shows that school-based vaccination campaigns
effectively increase coverage, their impact on equity remains
unclear.

The main goal of this study was to assess if school-based
influenza vaccination programs, in addition to increasing vac-
cination coverage, enhance equitable access to vaccines com-
pared to vaccination campaigns conducted in healthcare
centers. The specific aims were to:

e Compare influenza vaccination coverage between school-
based and health center-based campaigns according to
the parent’s origin.

e Compare influenza vaccination coverage between school-
based and health center-based campaigns according to
economic status.

Methods

We conducted an observational, descriptive, cross-sectional
study of the 2022-2023 and 2023-2024 influenza vaccination
campaigns carried out in the Region of Murcia among chil-
dren between 2 and 4 years old in the year of the campaign.
Most of them were candidates for LAIV, except for those
who had not yet reached the age of 2 years, who received IIV.
Children born in 2019 were vaccinated in both campaigns
with LAIV, the only difference being the place of vaccination
in each campaign. The 2022-2023 campaign was health cen-
ter-based and was launched on November 2, 2022. The
2023-2024 campaign was school-based for those children
born in 2019 (4-year-olds) and 2020 (3-year-olds) and started
on September 26, 2023; for those children born in 2021 who
had already turned 2 years old before October 9™ (the date of

the beginning of the campaign at the health center), since
they were not in school, LAIV was administered at the health
center. The source of information was the regional registry of
vaccinations of the Region of Murcia (VACUSAN), which
includes all the vaccines administered in the region. For
vaccination coverage calculations, the number of children
vaccinated according to VACUSAN was taken as the
numerator, and the data from the population database of
the region (PERSAN) on those born in the region in the
years 2018, 2019, 2020 and 2021 were taken as the denomi-
nator. Data on economic status were also gathered from
PERSAN. Both databases are central databases, which include
data on both people with public and private health care at the
regional level and depend on the Prevention and Health
Protection Service of the Regional Ministry of Health.

The variables analyzed were the season of the campaign
(2022-2023 or 2023-2024), year of birth, sex, date of vaccina-
tion, main parent’s origin grouped by WHO health regions
(parent registered in the database, usually the mother), and
economic section registered in the individual health card.
Economic section is calculated by the pharmaceutical contri-
bution indicator (TSI in Spanish), according to annual income
and working status and can take seven values: 001 (welfare
payment up to 7250.60 euros per year); 002 (retirement pen-
sion or disability benefits between 7250.60 and 100,000 euros
per year); 003 (active worker with an annual income fewer
than 18,000 euros per year); 004 (active worker with annual
income between 18,000 and 100,000 euros per year); 005
(annual income greater than 100,000 euros per year); 006
(alternative healthcare and social security systems for civil
servants, members of the armed forces and judicial staff);
F003 (foreigners under 18 years of age and foreign pregnant
women without a residence permit).'®"’

Vaccination coverage was calculated by birth cohort and
campaign, globally and by the parent’s origin and economic
section. To compare vaccination coverages, we used the two-
proportion Z test.

The present study was conducted according to the guide-
lines of the Declaration of Helsinki, and approved by the Ethics
Committee of the Area 1 Murcia/Oeste Arrixaca (Region of
Murcia) with the protocol number 1.0 01/11/2022 and a new
version evaluated again on August 28, 2023.

Results

The 2022-2023 health center-based influenza vaccination
campaign with LAIV reached 11,122 children (5616 children
born in 2018 and 5506 children born in 2019). The 2023-2024
school-based influenza vaccination campaign with LAIV
reached 16,870 children (8609 children born in 2019 and
8261 children born in 2020); it also reached 4605 children
born in 2021 before October 9™ who were vaccinated at the
health centers. The characteristics of children covered by both
campaigns are presented in Table 1.

Global coverages for 2022-2023 vaccination campaign,
health center based, were 34.8% for children born in 2018,
and 35.4% for children born in 2019. Coverages for the
2023-2024 campaign, school-based, were 55.4% for children
born in 2019, 55.7% for children born in 2020, and 43.8% for
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Table 1. Characteristics of children vaccinated in the autonomous community of Murcia during 2022-2023 and 2023-2024 influenza vaccination campaigns, by birth

cohort.

Year of birth
(Vaccination campaign)

2018-borns

2019-borns

2019-borns 2020-borns

(2023-2024)

2021-borns before October 9th
(2023-2024)

(2022-2023)
)

Total No. (%) 5635 (100%;

(2022-2023) (2023-2024)
5603 (100%)

8571 (100%) 8192 (100%) 4501 (100%,

Sex No. (%) Female 2784 (49.4%) 2750 (49.1%) 4188 (48.9%) 3960 (48.3%) 2196 (48.8%)
Male 2851 (50.6%) 2853 (50.9%) 4383 (51.1%) 4232 (51.7%) 2305 (51.2%)
Parent’s origin Spain 4331 (76.9%) 4286 (76.5%) 6090 (71.1%) 5885 (71.8%) 3568 (79.3%)
No. (%) South America 525 (9.3%) 588 (10.5%) 827 (9.6 %) 856 (10.4%) 391 (8.7%)
West Mediterranean 281 (5.0%) 228 (4.1 %) 650 (7.6 %) 600 (7.3 %) 176 (3.9%)
Other regions 169 (3.0%) 209 (3.7%) 358 (4.2%) 332 (4.1%) 163 (3.6%)
Unknown 329 (5.8%) 292 (5.2%) 646 (7.5%) 519 (6.3%) 203 (4.5%)
Economic section F003 48 (0.9%) 45 (0.8%) 126 (1.5%) 142 (1.7%) 50 (1.1%)
No. (%) 001 1277 (22.7%) 1195 (21.3%) 1986 (23.2%) 1702 (20.8%) 702 (15.6%)
002 59 (1.0%) 54 (1.0%) 75 (0.9%) 73 (0.9% 40 (0.9%)
003 2218 (39.4%) 2337 (41.7%) 3629 (42.3%) 3600 (43.9%) 2037 (45.3%)
004 1835 (32.6%) 1779 (31.8%) 2488 (29.0%) 2435 (29.7%) 1474 (32.7%)
005 39 (0.7%) 43 (0.8%) 69 (0.8%) 49 (0.6%) 31 (0.7%)
006 151 (2.7%) 144 (2.6%) 183 (2.1%) 171 (2.1%) 138 (3.1%)
Unknown 8 (0.1%) 6 (0.1%) 15 (0.2%) 20 (0.2%) 29 (0.6%)

No (%): Number (percentage).
TSI 001: welfare payment up to 7250.60 euros per year.

TSI 002: retirement pension or disability benefits between 7250.60 and 100,000 euros per year.

TSI 003: active worker with an annual income of fewer than 18,000 euros per year.

TSI 004: active worker with annual income between 18,000 and 100,000 euros per year.

TSI 005: annual income greater than 100,000 euros per year.

TSI 006: alternative healthcare and social security systems for civil servants, members of the armed forces and judicial staff.

TSI FOO3: foreigners under 18 years of age without a residence permit.
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Figure 1. Vaccination coverage for 2022-2023 (health center-based) and 2023-2024 (school-based for 2019- and 2020-borns and health center-based for those born in 2021)

campaigns by birth cohort.

children born in 2021 before October 9" (the latter vaccinated
in health centers) (See Figure 1).

According to parent’s origin (Table 2), vaccination cov-
erages significantly increased from 2022-2023 campaign to
2023-2024 campaign for all origins and all birth cohorts.
Global coverage for 3-year-olds rose by 57% between both
campaigns (p|Z|<0.01); for 4-year-olds, vaccination coverage
rose by 59% (p|Z|<0.01); and for 2019-borns coverage
increased by 56% (p|Z|<0.01). The biggest rise was observed
among children whose parent was from a country from the
Eastern Mediterranean region (99.6 % of them from Morocco)
(182% for 3-year-olds, 129% for 4-year-olds and 199% for
2019-borns).

When comparing by economic status (Table 3), we also
observed that all economic sections improved vaccination

coverage in the 2023-2024 campaign compared to
2022-2023. In the comparison of 3-year-old children from
both campaigns, 4-year-olds from both campaigns and those
born in 2019 in both campaigns (3 years old in 2022-2023 and
4 years old in 2023-2024), we observed that the economic
section that experienced the greatest increase in coverage in
all the comparisons was F003, that is, the one corresponding to
foreigners under 18 years of age without a residence permit.
Among children in economic section F003, for 3-year-olds, the
coverage rose by 185% between 2022-2023 campaign and
2023-2024 campaign (p|Z|<0.01); for 4-year-olds, coverage
rose by 270% (p|Z|<0.01); and for 2019-borns, coverage
increased by 180% (p|Z|<0.01). When we compared children
who received the same vaccine (LAIV) in the 2023-2024
campaign, 3 and 4-year-olds at school and 2-year-olds born
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Table 2. Vaccination coverages according to parent’s origin, by campaign and birth cohort.

Ratio

Parent’s origin 2022-2023 coverage (health center) (%) 2023-2024 coverage (school) (%) 2023-2024/2022-2023 p|Z|
3-year-old children (2019-borns in 2022-2023 and 2020-borns in 2023-2024)

Spain 438 64.0 1.46 <0.01
South America 41.1 62.1 1.51 <0.01
West Mediterranean 10.1 28.5 2.82 <0.01
Other regions 26.2 43.8 1.67 <0.01
Unknown 17.9 394 2.21 <0.01
Total 354 55.7 1.57 <0.01
4-year-old children (2018-borns in 2022-2023 and 2019-borns in 2023-2024)

Spain 42.5 62.8 1.48 <0.01
South America 416 61.8 1.48 <0.01
West Mediterranean 13.2 30.1 2.29 <0.01
Other regions 19.8 46.9 236 <0.01
Unknown 18.6 424 2.28 <0.01
Total 34.8 55.4 1.59 <0.01
Children born in 2019 (3 years old in 2022-2023 and 4 years old in 2023-2024)

Spain 43.8 62.8 1.43 <0.01
South America 41.1 61.8 1.50 <0.01
West Mediterranean 10.1 30.1 299 <0.01
Other regions 26.2 46.9 1.79 <0.01
Unknown 17.9 424 237 <0.01
Total 354 55.4 1.56 <0.01

before October 9™ at the health center, we also observed that
coverages were higher at school than at the health care center
for all economic sections. In this case, the economic section
that showed the biggest increase was 001, the lowest one, with
children whose parent received a welfare payment up to
7250.60 euros per year. Among children in this section, cover-
age rose by 75% for 3-year-olds (p|Z|<0.01) and by 73% for
4-year-olds (p|Z|<0.01) between both campaigns. In all com-
parisons, the economic section that showed a smaller increase
in the 2023-2024 campaign compared to the 2022-2023 cam-
paign was F006, although all increases were significant.

Discussion

The 2023-2024 school-based vaccination campaign achieved
greater global coverage than the 2022-2023 campaign, which
was mostly health center-based. These results are consistent
with our pilot experience in 24 schools in the 2022-2023 cam-
paign and with experiences carried out in other countries.”>*!
The increase in coverage was observed for all cohorts
regardless of parental origin, although a significant rise was
observed for all children whose main parent had a Western
Mediterranean origin (2.82 for those 3-year-old children, 2.29
for those 4-year-old ones and 2.99 for those born in 2019, who
received the same vaccine in both campaigns changing only
the primary vaccination point) compared with other regions
were the increase were lower than 2. In the region, the
Moroccan population is the main source of migration.
Different barriers to health center-based vaccination cam-
paigns for seasonal influenza during childhood for ethnic or
racial reasons have been observed in other contexts.”’
Although, in Spain, migrant children have free access to public
health services and to public education regardless of their legal
situation, migrants may perceive barriers in accessing the
health care system, whether due to lack of knowledge of their
rights or bureaucratic, language or cultural barriers.*>** For
vaccinations, especially during short campaigns, an additional

barrier is the difficulty migrant families face in taking time off
work to visit health centers and vaccinate their children.*
Many of these children who experience barriers in accessing
healthcare facilities may, however, be reached at school. This is
particularly significant in the Region of Murcia, where the
proportion of migrant students in compulsory education is
between 11.8 and 14.7%.>°

When we examine the results by economic section, we
observe that the higher rises in coverage occur in section
F003 (foreigners under 18 years of age without a residence
permit) and section 001 (children whose parent receives
a welfare payment up to 7250.60 euros per year). The results
obtained on the increase in vaccination coverage in children in
economic section FO03 are consistent with those obtained
regarding the migratory origin of the parents, previously dis-
cussed. As for economic section 001, which represents a low
socioeconomic level, the rise in coverage could be explained by
the fact that children from families with lower socioeconomic
status tend to have lower vaccination rates, except in some
cases and for certain vaccines.”” The reasons behind this cor-
relation are complex,”® but improving access to vaccines has
proven to be an effective strategy for increasing vaccination
rates in these children.”” In our study, as also observed in other
studies carried out in United Kingdom for Human
Papillomavirus vaccine, school-based vaccination would have
served as a helpful approach to making vaccines more acces-
sible to these disadvantaged groups.”® The success of this
campaign among children shows how, despite the increase in
vaccine hesitancy in various international contexts and the
refusal of some parents to vaccinate their children, the
Spanish population demonstrates confidence in the health
authorities’ and healthcare workers’ recommendations regard-
ing vaccinations, although influenza vaccination coverage in
the pediatric population is lower than for other schedule
vaccines.

Our study has some limitations. Specifically, in the results
related to the origin of the main parent, the origin variable had
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Table 3. Vaccination coverages according to economic section, by campaign and birth cohort.

2022-2023 campaign (health center) vs 2023-2024 campaign (school)

3-year-old children (2019-borns in 22-23 and 2020-borns in 23-24)

Economic section 2022-2023 Coverage (%) 2023-2024 Coverage (%) Ratio 2023-2024/2022-2023 p|Z|
001 29.5 49.7 1.68 <0.01
002 46.2 67.6 1.46 <0.01
003 37.6 57.7 1.54 <0.01
004 494 711 1.44 <0.01
005 443 64.5 1.45 <0.01
006 61.3 734 1.20 <0.01
F 003 12.8 36.5 2.85 <0.01
Total 38.1 58.8 1.54 <0.01
4-year-old children (2018-borns in 2022-2023 and 2019-borns in 2023-2024)
Economic section 2022-2023 Coverage (%) 2023-2024 Coverage (%) Ratio 2023-2024/2022-2023 p|Z|
001 30.8 49.1 1.59 <0.01
002 38.8 64.1 1.65 <0.01
003 355 58.3 1.64 <0.01
004 47.0 69.0 1.47 <0.01
005 411 711 1.73 <0.01
006 553 77.9 1.41 <0.01
F 003 9.7 359 3.70 <0.01
Total 36.7 58.3 1.59 <0.01
Children born in 2019 (3 years old in 2022-2023 and 4 years old in 2023-2024)
Economic section 2022-2023 Coverage (%) 2023-2024 Coverage (%) Ratio 2023-2024/2022-2023 p|Z|
001 29.5 49.1 1.66 <0.01
002 46.2 64.1 1.39 <0.01
003 373 58.3 1.55 <0.01
004 49.4 69.0 1.40 <0.01
005 443 711 1.60 <0.01
006 61.3 779 1.27 <0.01
F 003 12.8 35.9 2.80 <0.01
Total 38.1 58.3 1.53 <0.01
2023-2024 school vs 2023-2024 health center
3-year-olds (school) vs 2-year-olds (health center)
Economic section Coverage health c. (2021-borns) (%) Coverage school (2020-borns) (%) Ratio school/health center p|Z|
001 28.4 49.7 1.75 <0.01
002 48.8 67.6 1.39 <0.01
003 42.5 57.7 1.36 <0.01
004 56.3 711 1.26 <0.01
005 51.7 64.5 1.25 0.1786
006 67.3 734 1.09 0.2003
F 003 21.2 36.5 1.72 <0.01
Total 42.7 58.8 1.38 <0.01
4-year-olds (school) vs 2-year-olds (health center)
Economic section Coverage health c. (2021-borns) (%) Coverage school (2019-borns) (%) Ratio school/health center p|Z|
001 284 49.1 1.73 <0.01
002 48.8 64.1 1.31 0.0312
003 42.5 58.3 137 <0.01
004 56.3 69.0 1.23 <0.01
005 51.7 711 1.38 0.0137
006 67.3 779 1.16 0.0129
F 003 21.2 35.9 1.69 <0.01
Total 42.7 58.3 137 <0.01

TSI 001: welfare payment up to 7250.60 euros per year.

TSI 002: retirement pension or disability benefits between 7250.60 and 100,000 euros per year.

TSI 003: active worker with an annual income of fewer than 18,000 euros per year.

TSI 004: active worker with annual income between 18,000 and 100,000 euros per year.

TSI 005: annual income greater than 100,000 euros per year.

TSI 006: alternative healthcare and social security systems for civil servants, members of the armed forces and judicial staff.

TSI FOO3: foreigners under 18 years of age without a residence permit.

between 4.5% and 7.5% of missing records. This necessitates
a cautious interpretation of our findings. Nevertheless, based on
our understanding of the registry’s characteristics, we believe it
is highly likely that the missing values are randomly distributed
across all origins, which would suggest the presence of non-
differential information bias. Additionally, the coverage calcu-
lations for each cohort are based on the number of births in that

cohort and the number of children vaccinated during the cam-
paign, without accounting for possible migration to or from the
region. However, given the relatively short time between birth
and vaccination, we believe that migration will affect only
a small number of children, and that any movements into or
out of the region are likely to offset each other. Moreover, this
may be a limitation that underestimates benefits of school
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vaccination evaluating inequity since, when comparing succes-
sive seasons, migration in only one year would be small.
Traditionally indigenous populations tend to be more stable
while migrant populations are more likely to migrate, which
would result in having more migrant children in our database
in the denominator and therefore tend to underestimate cover-
age in the second year of vaccination and the benefit of school
vaccination.”® Finally, this is not an experimental study but
a descriptive one of a public health intervention already per-
formed, with comparisons between two consecutive campaigns.
We are aware that an experimental design, with an intervention
and a control group, would have allowed us to draw more
robust conclusions. However, experimental designs involving
vaccines are less widely accepted, so observational studies are
a good alternative.

We believe our study has several strengths. Firstly, it includes
all vaccination records in the entire region, providing a high
level of representativeness. Additionally, the dual analysis —
based on the main parent’s origin and the economic section -
produces mutually consistent and coherent results, further rein-
forcing the robustness of our findings. Finally, our study shows
that school-based campaigns not only achieve higher coverage
but also reduce inequity, a finding that reinforces the scarce
evidence about this issue.

Conclusions

School vaccination campaigns reach a larger number of
children than traditional health center-based campaigns,
reducing the circulation of the virus. They also contribute
to equity among all children, since they significantly
increase vaccination coverage in groups that may have
difficulties accessing the health system, like migrants and
children from lower socioeconomic sections. By both
means, school-based vaccination programs increase the
protection of the most fragile. This aligns with WHO
priorities, which emphasize reducing inequalities in vacci-
nation coverage not only between countries but also within
regions at the subnational level.”

Despite the particularities, especially in terms of demo-
graphic characteristics of the Region of Murcia, we believe
that our results can be generalized to the rest of the Spanish
autonomous communities, as well as to other territories out-
side Spain, especially if their policies guarantee schooling and
access to health services for children regardless of their legal
status, as it is the case in our country.

Disclosure statement

J.J.P.M. and M.Z.M. have collaborated in teaching activities subsidized
by AstraZeneca®, having also received financial aid to attend national
and international teaching activities. A.B.A. declares no conflicts of
interest.

Funding

The author(s) reported there is no funding associated with the work
featured in this article.

Notes on contributors

Jaime Pérez-Martin has a degree in Medicine and Surgery and is
a specialist in Preventive Medicine and Public Health. He completed
a Master’s Degree in Research Methodology: Design and Statistics in
Health Sciences at the University of Barcelona. He is a University
Expert in Vaccines from the Complutense University of Madrid and
a University Specialist in Vaccines from the University of Santiago de
Compostela. He currently holds the position of Head of the Prevention
and Healt Protection Service of the Region of Murcia, is a member of the
National Vaccine Committee and President of the Spanish Association of
Vaccinology.

Matilde Zornoza-Moreno is a pediatrician. She has a degree in Medicine
and Surgery from the University of Murcia. Currently is employed by the
Regional Ministry of Health in the Region of Murcia, where she works in
the Vaccination Program. University Expert in Vaccines from the
Universidad Complutense de Madrid. Additionally, in her doctoral thesis,
she investigated the influence of gestational diabetes on psychomotor
development and the regulation of circadian rhythms during the
first year of life. At the research level, she has several publications in
high impact journals in recent years related in the field of vaccinations
and immunizations, as well as several book chapters.

Amaya Bernal-Alonso has a degree in Medicine and Surgery from the
University of Murcia. Following her tenure as a general practitioner in the
Murcia region, she expanded her professional horizons by dedicating
several years to teaching in various international settings. She has since
returned to the medical field and is currently a fourth-year resident in
Preventive Medicine and Public Health at the National School of Health,
part of the Carlos III Health Institute in Madrid. Concurrently, she is
pursuing doctoral studies at the Instituto Mixto de Investigacion Escuela
Nacional de Sanidad (IMIENS), focusing on the domains of caregiving
and aging.

ORCID

Jaime Pérez-Martin
Matilde Zornoza Moreno
Amaya Bernal-Alonso

http://orcid.org/0000-0002-8794-4199
http://orcid.org/0000-0002-9328-3112
http://orcid.org/0000-0001-8514-1408

Additional contributions

Artificial Intelligence was used for translating and grammar.

Author contribution statement

JJPM: conceptualization, writing — original draft, writing - review and
editing. ABA: formal analysis, writing - original draft, writing - review
and editing. MZM: conceptualization, writing - original draft, writing —
review and editing.

Abbreviations

ICU Intensive Care Unit

WHO World Health Organization

ECDC European Centre for Disease Prevention and Control
ACIP Advisory Committee in Immunization Practices
NITAG National Immunization Technical Advisory Group
LAIV Live Attenuated Intranasal Vaccine

v Inactivated Intramuscular Vaccine

TSI Pharmaceutical Contribution Indicator
References

1. Heikkinen T, Booy R, Campins M, Finn A, Olcén P, Peltola H,
Rodrigo C, Schmitt H-J, Schumacher F, Teo S, et al. Should healthy
children be vaccinated against influenza? A consensus report of the



10.

11.

12.

13.

summits of independent European vaccination experts. Eur
] Pediatrics. 2006;165(4):223-228. doi: 10.1007/s00431-005-0040-9.

. Grupo de trabajo de Recomendaciones de Vacunacion frente

a gripe en poblacion infantil de 6 a 59 meses de la Ponencia de
Programa y Registro de Vacunaciones. Comision de Salud Puablica
del Consejo Interterritorial del Sistema Nacional de Salud.
Ministerio de Sanidad. 2022 Oct [accessed 2024 Aug 22]. https://
www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/
programasDeVacunacion/docs/Recomendaciones_vacunacion_
gripe_PoblacionInfantil.pdf.

. World Health Organization. Vaccines against influenza WHO

position paper - November 2012. Wkly Epidemiol Rec. 2012;87
(47):461-476.

. European Centre for Disease Prevention and Control. ECDC

scientific advice on seasonal influenza vaccination of children
and pregnant women. Stockholm, Sweden: ECDC; 2012 [accessed
2024 Aug 22]. https://www.ecdc.europa.eu/sites/default/files/
media/en/publications/Publications/Seasonal%20influenza%20vac
cination%200{%20children%20and%20pregnant%20women.pdf.

. Smith NM, Bresee ]S, Shay DK, Uyeki TM, Cox NJ, Strikas RA,

Strikas RA. Prevention and control of influenza: recommendations
of the advisory committee on immunization practices (ACIP).
MMWR Recomm Rep. 2006;55(RR-10):1-42.

. World Health Organization. WHO immunization data portal - all

data. Immunization data s/f. [accessed 2024 Nov 10]. https://
immunizationdata.who.int/global?topic=&location=.

. Consejo Interterritorial del Sistema Nacional de Salud. Calendario

comun de vacunacion a lo largo de toda la vida. Calendario
recomendado afio 2023. [accessed 2024 Aug 22]. https://www.
sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calen
dario-y-coberturas/calendario/docs/CalendarioVacunacion_
Todalavida_2023.pdf.

. Servicio de Prevencion y Proteccion de la Salud. Direccion General

de Salud Publica y Adicciones. Vacunacién antigripal en poblacion
pediatrica sana de 6 a 59 meses de edad. Temporada 2022-2023.
[accessed 2024 Aug 22]. https://sms.carm.es/ricsmur/bitstream/han
dle/123456789/9584/Protocolo%20Campana%20de%20gripe%
20pediatrico%20v2%202022-2023.pdf?sequence=3&isAllowed=y.

. Servicio de Prevencién y Proteccién de la Salud. Direccién General

de Salud Publica y Adicciones. Vacunacion estacional antigripal
y frente a SARS-CoV-2. Evaluacion de la temporada 2022 -2023.
[accessed 2024 Aug 22]. https://sms.carm.es/ricsmur/bitstream/
handle/123456789/11284/Evaluacion.%20Campana%20%
20RESPIRATORIAS.%202023-24.pdf?sequence=1&isAllowed=y.
Zornoza Moreno M, Pérez-Martin JJ. Libro blanco sobre la
vacunacién antigripal infantil en los centros escolares.
Aprendizajes basados en la experiencia piloto de la Region de
Murcia. Murcia: Fundacién para la Formacién e Investigaciones
Sanitarias de la Region de Murcia; 2023 [accessed 2024 Aug 22].
https://www.murciasalud.es/documents/5435832/5555205/Libro
+blanco+sobre+la+vacunaci%C3%B3n+antigripal+infantil+en
+los+centros+escolares.pdf/047a0ed8-fb44-c03b-0f2b-
4ebbd37fc44a?t=1708503090934.

Servicio de Prevencion y Proteccion de la Salud. Direccion General
de Salud Publica y Adicciones. Vacunacion estacional frente
a infecciones respiratorias (gripe y COVID-19) en personas
a partir de 60 anos y grupos de riesgo de cualquier edad, asi
como antigripal en personas de 6 a 59 meses de edad. [accessed
2024 Aug 22]. https://sms.carm.es/ricsmur/bitstream/id/
f1db1940-145a-467¢-8f57-9b7965de41f2/Protocolo_campana_de_
gripe_y_COVID-19%202023-2024_16.10.2023.pdf.

UK Health Security Agency. Flu vaccination 2023 to 2024. Briefing
for primary schools. [accessed 2024 Aug 22]. https://assets.publish
ing.service.gov.uk/media/64957c5ede8682000cbc8d22/UKHSA-
12652-flu-vaccination-programme-briefing-for-headteachers
-2023-2024.pdf.

Health Service Executive (HSE) National Immunization Office.
LAIV School [accessed 2024 Aug 22]. https://www.hse.ie/eng/
health/immunisation/pubinfo/schoolprog/laiv/laivschool.html.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 7

Finnish Institute for Health and Welfare. Nasal spray influenza
vaccine for children. [accessed 2024 Aug 22]. https://thl.fi/en/web/
infectious-diseases-and-vaccinations/vaccines-a-to-z/influenza-
vaccine/nasal-spray-influenza-vaccine-for-children.
Bernal-Delgado E, Garcia-Armesto S, Oliva J. Sistemas sanitarios
en transicion. Espafia: Informe del sistema sanitario 2018. Gob.es.
Published 2018 [accessed 2024 Aug 23]. https://www.sanidad.gob.
es/biblioPublic/publicaciones/recursos_propios/resp/pdf/
REVISION_SISTEMA_SANITARIO_ESPANOL_2018.pdf.
Instituto Nacional de Estadistica (INE). Poblacién extranjera por
Nacionalidad, provincias, Sexo y Afo. 2023 [accessed 2024 Aug
23]. https://www.ine.es/jaxi/Datos.htm?path=/t20/e245/p08/10/
&tile=03005.px.

Instituto Nacional de Estadistica (INE). Cifras oficiales de
poblacion de los municipios espafioles en aplicacion de la Ley de
Bases del Régimen Local. Art. 17. Instituto Nacional de Estadistica.
2023 [accessed 2024 Aug 22]. https://www.ine.es/dynt3/inebase/
es/index.htm?padre=525.

Consejeria de Salud de la Junta de Castilla y Leén. Cédigos de
aportacion. Saludcastillayleon.es. Published 2018 [accessed 2024
Aug 14]. https://www.saludcastillayleon.es/es/farmacia-
medicamentos/aportacion-productos-farmaceuticos-dispensados-
receta-siste/tabla-aportacion.ficheros/2152029-Tabla%20aportaci
%C3%B3n%20farmac%C3%A9utica.pdf.

de Espafia G. Ingreso Minimo Vital (IMV): ;qué es y cémo puedo
solicitarlo? Gob.es. Published 2024 [accessed 2024 Aug 14].
https://www.lamoncloa.gob.es/serviciosdeprensa/notasprensa/
inclusion/Paginas/2023/030323-que-es-ingreso-minimo-vital-
imv.aspx.

Benjamin-Chung ], Arnold BF, Mishra K, Kennedy CJ, Nguyen A,
Pokpongkiat NN, Djajadi S, Seth A, Klein NP, Hubbard AE, et al.
City-wide school-located influenza vaccination: a retrospective
cohort study. Vaccine. 2021;39(42):6302-6307. doi: 10.1016/j.vac
cine.2021.08.099.

Szilagyi PG, Schaffer S, Rand CM, Goldstein NP, Hightower AD,
Younge M, Albertin CS, DiBitetto K, Yoo B-K, Humiston SG, et al.
School-located influenza vaccination: do vaccine clinics at school
raise vaccination rates? J Sch Health. 2019;89(12):1004-1012. doi:
10.1111/josh.12840.

Anandappa M, Adjei Boakye E, Li W, Zeng W, Rebmann T,
Chang JJ. Racial disparities in vaccination for seasonal influenza
in early childhood. Public Health. 2018;158:1-8. doi: 10.1016/j.
puhe.2018.01.030.

Llop-Gironés A, Vargas Lorenzo I, Garcia-Subirats I, Aller M-B,
Véazquez Navarrete ML. Acceso a los servicios de salud de la
poblacién inmigrante en Espafia. Rev Esp Salud Publica. 2014;88
(6):715-734. doi: 10.4321/s1135-57272014000600005.

Lebano A, Hamed S, Bradby H, Gil-Salmerén A, Durd-Ferrandis
E, Garcés-Ferrer ], Azzedine F, Riza E, Karnaki P, Zota D, et al.
Migrants’ and refugees’ health status and healthcare in Europe:
a scoping literature review. BMC Public Health. 2020;20(1):1039.
doi: 10.1186/s12889-020-08749-8.

Pérez Martin JJ, Zornoza Moreno M. Implementation of the first
respiratory syncytial (RSV) immunization campaign with nirsevi-
mab in an autonomous community in Spain. Hum Vaccin
Immunother. 2024;20(1):2365804. doi: 10.1080/21645515.2024.
2365804.

de Inclusion M. Seguridad Social y Migraciones. Informe sobre la
Integracion de los Estudiantes Extranjeros en el Sistema Educativo
Espafiol. Gob.es; 2022. https://www.inclusion.gob.es/oberaxe/
ficheros/ejes/analisis/Pres_integracion_sistemaeducativo71022.
pdf. consultado el 9 de octubre de 2024.

Sacre A, Bambra C, Wildman JM, Thomson K, Bennett N,
Sowden S, Todd A. Socioeconomic inequalities in vaccine uptake:
a global umbrella review. PLOS ONE. 2023;18(12):e0294688. doi:
10.1371/journal.pone.0294688.

Bocquier A, Ward J, Raude J, Peretti-Watel P, Verger P.
Socioeconomic differences in childhood vaccination in developed
countries: a systematic review of quantitative studies. Expert Rev


https://doi.org/10.1007/s00431-005-0040-9
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/programasDeVacunacion/docs/Recomendaciones_vacunacion_gripe_PoblacionInfantil.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/programasDeVacunacion/docs/Recomendaciones_vacunacion_gripe_PoblacionInfantil.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/programasDeVacunacion/docs/Recomendaciones_vacunacion_gripe_PoblacionInfantil.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/programasDeVacunacion/docs/Recomendaciones_vacunacion_gripe_PoblacionInfantil.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/Seasonal%2520influenza%2520vaccination%2520of%2520children%2520and%2520pregnant%2520women.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/Seasonal%2520influenza%2520vaccination%2520of%2520children%2520and%2520pregnant%2520women.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/Seasonal%2520influenza%2520vaccination%2520of%2520children%2520and%2520pregnant%2520women.pdf
https://immunizationdata.who.int/global?topic=%26location=
https://immunizationdata.who.int/global?topic=%26location=
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calendario-y-coberturas/calendario/docs/CalendarioVacunacion_Todalavida_2023.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calendario-y-coberturas/calendario/docs/CalendarioVacunacion_Todalavida_2023.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calendario-y-coberturas/calendario/docs/CalendarioVacunacion_Todalavida_2023.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calendario-y-coberturas/calendario/docs/CalendarioVacunacion_Todalavida_2023.pdf
https://sms.carm.es/ricsmur/bitstream/handle/123456789/9584/Protocolo%2520Campana%2520de%2520gripe%2520pediatrico%2520v2%25202022-2023.pdf?sequence=3%26isAllowed=y
https://sms.carm.es/ricsmur/bitstream/handle/123456789/9584/Protocolo%2520Campana%2520de%2520gripe%2520pediatrico%2520v2%25202022-2023.pdf?sequence=3%26isAllowed=y
https://sms.carm.es/ricsmur/bitstream/handle/123456789/9584/Protocolo%2520Campana%2520de%2520gripe%2520pediatrico%2520v2%25202022-2023.pdf?sequence=3%26isAllowed=y
https://sms.carm.es/ricsmur/bitstream/handle/123456789/11284/Evaluacion.%2520Campana%2520%2520RESPIRATORIAS.%25202023-24.pdf?sequence=1%26isAllowed=y
https://sms.carm.es/ricsmur/bitstream/handle/123456789/11284/Evaluacion.%2520Campana%2520%2520RESPIRATORIAS.%25202023-24.pdf?sequence=1%26isAllowed=y
https://sms.carm.es/ricsmur/bitstream/handle/123456789/11284/Evaluacion.%2520Campana%2520%2520RESPIRATORIAS.%25202023-24.pdf?sequence=1%26isAllowed=y
https://www.murciasalud.es/documents/5435832/5555205/Libro+blanco+sobre+la+vacunaci%25C3%25B3n+antigripal+infantil+en+los+centros+escolares.pdf/047a0ed8-fb44-c03b-0f2b-4ebbd37fc44a?t=1708503090934
https://www.murciasalud.es/documents/5435832/5555205/Libro+blanco+sobre+la+vacunaci%25C3%25B3n+antigripal+infantil+en+los+centros+escolares.pdf/047a0ed8-fb44-c03b-0f2b-4ebbd37fc44a?t=1708503090934
https://www.murciasalud.es/documents/5435832/5555205/Libro+blanco+sobre+la+vacunaci%25C3%25B3n+antigripal+infantil+en+los+centros+escolares.pdf/047a0ed8-fb44-c03b-0f2b-4ebbd37fc44a?t=1708503090934
https://www.murciasalud.es/documents/5435832/5555205/Libro+blanco+sobre+la+vacunaci%25C3%25B3n+antigripal+infantil+en+los+centros+escolares.pdf/047a0ed8-fb44-c03b-0f2b-4ebbd37fc44a?t=1708503090934
https://sms.carm.es/ricsmur/bitstream/id/f1db1940-145a-467c-8f57-9b7965de41f2/Protocolo_campana_de_gripe_y_COVID-19%25202023-2024_16.10.2023.pdf
https://sms.carm.es/ricsmur/bitstream/id/f1db1940-145a-467c-8f57-9b7965de41f2/Protocolo_campana_de_gripe_y_COVID-19%25202023-2024_16.10.2023.pdf
https://sms.carm.es/ricsmur/bitstream/id/f1db1940-145a-467c-8f57-9b7965de41f2/Protocolo_campana_de_gripe_y_COVID-19%25202023-2024_16.10.2023.pdf
https://assets.publishing.service.gov.uk/media/64957c5ede8682000cbc8d22/UKHSA-12652-flu-vaccination-programme-briefing-for-headteachers-2023-2024.pdf
https://assets.publishing.service.gov.uk/media/64957c5ede8682000cbc8d22/UKHSA-12652-flu-vaccination-programme-briefing-for-headteachers-2023-2024.pdf
https://assets.publishing.service.gov.uk/media/64957c5ede8682000cbc8d22/UKHSA-12652-flu-vaccination-programme-briefing-for-headteachers-2023-2024.pdf
https://assets.publishing.service.gov.uk/media/64957c5ede8682000cbc8d22/UKHSA-12652-flu-vaccination-programme-briefing-for-headteachers-2023-2024.pdf
https://www.hse.ie/eng/health/immunisation/pubinfo/schoolprog/laiv/laivschool.html
https://www.hse.ie/eng/health/immunisation/pubinfo/schoolprog/laiv/laivschool.html
https://thl.fi/en/web/infectious-diseases-and-vaccinations/vaccines-a-to-z/influenza-vaccine/nasal-spray-influenza-vaccine-for-children
https://thl.fi/en/web/infectious-diseases-and-vaccinations/vaccines-a-to-z/influenza-vaccine/nasal-spray-influenza-vaccine-for-children
https://thl.fi/en/web/infectious-diseases-and-vaccinations/vaccines-a-to-z/influenza-vaccine/nasal-spray-influenza-vaccine-for-children
https://www.sanidad.gob.es/biblioPublic/publicaciones/recursos_propios/resp/pdf/REVISION_SISTEMA_SANITARIO_ESPANOL_2018.pdf
https://www.sanidad.gob.es/biblioPublic/publicaciones/recursos_propios/resp/pdf/REVISION_SISTEMA_SANITARIO_ESPANOL_2018.pdf
https://www.sanidad.gob.es/biblioPublic/publicaciones/recursos_propios/resp/pdf/REVISION_SISTEMA_SANITARIO_ESPANOL_2018.pdf
https://www.ine.es/jaxi/Datos.htm?path=/t20/e245/p08/l0/%26file=03005.px
https://www.ine.es/jaxi/Datos.htm?path=/t20/e245/p08/l0/%26file=03005.px
https://www.ine.es/dynt3/inebase/es/index.htm?padre=525
https://www.ine.es/dynt3/inebase/es/index.htm?padre=525
https://www.saludcastillayleon.es/es/farmacia-medicamentos/aportacion-productos-farmaceuticos-dispensados-receta-siste/tabla-aportacion.ficheros/2152029-Tabla%2520aportaci%25C3%25B3n%2520farmac%25C3%25A9utica.pdf
https://www.saludcastillayleon.es/es/farmacia-medicamentos/aportacion-productos-farmaceuticos-dispensados-receta-siste/tabla-aportacion.ficheros/2152029-Tabla%2520aportaci%25C3%25B3n%2520farmac%25C3%25A9utica.pdf
https://www.saludcastillayleon.es/es/farmacia-medicamentos/aportacion-productos-farmaceuticos-dispensados-receta-siste/tabla-aportacion.ficheros/2152029-Tabla%2520aportaci%25C3%25B3n%2520farmac%25C3%25A9utica.pdf
https://www.saludcastillayleon.es/es/farmacia-medicamentos/aportacion-productos-farmaceuticos-dispensados-receta-siste/tabla-aportacion.ficheros/2152029-Tabla%2520aportaci%25C3%25B3n%2520farmac%25C3%25A9utica.pdf
https://www.lamoncloa.gob.es/serviciosdeprensa/notasprensa/inclusion/Paginas/2023/030323-que-es-ingreso-minimo-vital-imv.aspx
https://www.lamoncloa.gob.es/serviciosdeprensa/notasprensa/inclusion/Paginas/2023/030323-que-es-ingreso-minimo-vital-imv.aspx
https://www.lamoncloa.gob.es/serviciosdeprensa/notasprensa/inclusion/Paginas/2023/030323-que-es-ingreso-minimo-vital-imv.aspx
https://doi.org/10.1016/j.vaccine.2021.08.099
https://doi.org/10.1016/j.vaccine.2021.08.099
https://doi.org/10.1111/josh.12840
https://doi.org/10.1111/josh.12840
https://doi.org/10.1016/j.puhe.2018.01.030
https://doi.org/10.1016/j.puhe.2018.01.030
https://doi.org/10.4321/s1135-57272014000600005
https://doi.org/10.1186/s12889-020-08749-8
https://doi.org/10.1080/21645515.2024.2365804
https://doi.org/10.1080/21645515.2024.2365804
https://www.inclusion.gob.es/oberaxe/ficheros/ejes/analisis/Pres_integracion_sistemaeducativo71022.pdf
https://www.inclusion.gob.es/oberaxe/ficheros/ejes/analisis/Pres_integracion_sistemaeducativo71022.pdf
https://www.inclusion.gob.es/oberaxe/ficheros/ejes/analisis/Pres_integracion_sistemaeducativo71022.pdf
https://doi.org/10.1371/journal.pone.0294688
https://doi.org/10.1371/journal.pone.0294688

8 J. PEREZ-MARTIN ET AL.

29.

30.

Vaccines. 2017;16(11):1107-1118. doi: 10.1080/14760584.2017.
1381020.

Machado AA, Edwards SA, Mueller M, Saini V. Effective inter-
ventions to increase routine childhood immunization coverage in
low socioeconomic status communities in developed countries:
a systematic review and critical appraisal of peer-reviewed
literature. Vaccine. 2021;39(22):2938-2964. doi: 10.1016/j.vac
cine.2021.03.088.

Hughes A, Mesher D, White ], Soldan K. Coverage of the English
national human papillomavirus (HPV) immunisation programme

31

32.

among 12 to 17 year-old females by area-level deprivation score,
England, 2008 to 2011. Euro Surveill. 2014;19(2). doi: 10.2807/
1560-7917.es2014.19.2.20677.

Recafio J. La consolidacion de las migraciones internas de inmi-
grantes como factor estructural de la movilidad geografica en
Espafa. Panorama Soc. 2016;24:49-71.

World Health Organization. Immunization agenda 2030. Who.
int; 2020 [accessed 2024 Nov 5]. https://www.who.int/docs/
default-source/immunization/strategy/ia2030/ia2030-document-
en.pdf.


https://doi.org/10.1080/14760584.2017.1381020
https://doi.org/10.1080/14760584.2017.1381020
https://doi.org/10.1016/j.vaccine.2021.03.088
https://doi.org/10.1016/j.vaccine.2021.03.088
https://doi.org/10.2807/1560-7917.es2014.19.2.20677
https://doi.org/10.2807/1560-7917.es2014.19.2.20677
https://www.who.int/docs/default-source/immunization/strategy/ia2030/ia2030-document-en.pdf
https://www.who.int/docs/default-source/immunization/strategy/ia2030/ia2030-document-en.pdf
https://www.who.int/docs/default-source/immunization/strategy/ia2030/ia2030-document-en.pdf

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	Additional contributions
	Author contribution statement
	Abbreviations
	References

