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ABSTRACT
Since the early 2000s, pneumococcal conjugate vaccines (PCVs) have been shown to be effective in the
prevention of pneumonia and invasive pneumococcal diseases. In 2011, the Galician region incorpo-
rated PCV in the routine infant immunization, the very first stable program in Spain. We aim to assess
direct and indirect benefits of PCV vaccination on all-cause pneumonia in the region across different
age groups using an ecological study design. For this, we calculated the annual hospitalization rates
using a hospital-based disease registry. We identified all-cause pneumonia, pneumococcal pneumonia
and pneumococcal invasive diseases within the registry. Hospitalization rates were computed and
compared across three study periods: pre-vaccination (1998–2003), early-vaccination (2005–2009) and
routine-vaccination (2011–2015). Across Northern Spain, we identified 114,873 all-cause pneumonia
hospitalizations, of which 24,808 were further diagnosed with pneumococcal pneumonia. The majority
were elderly > 64 years (67.3%). Hospitalizations from all-cause pneumonia had a net increase from 20.6
(pre-PCV) and 21.4/10,000 (early) to 28.4/10,000 (routine) (+32.7%, p < .0001), this is attributed to the
huge number of cases in the elderly age group. In contrast, a net reduction of incidence of hospitalized
pneumococcal pneumonia was observed from 6.3/10,000 (pre-PCV) and 5.7/10,000 (early) to 2.4/10,000
(routine) cases (−57.9%, p < .0001). Thus, routine infant vaccination may have resulted to an overall
decline of pneumococcal pneumonia in infants, as well as in elderly age groups. However, a paradoxical
increase on all-cause pneumonia was observed in Galicia, mostly attributed to the growing number of
cases in the elderly population.
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Introduction

Streptococcus pneumoniae, or pneumococcus, is one of the
most common causes of vaccine-preventable bacterial disease
in the world.1 Children and elderly age-group are particularly
at high risk for pneumococcal disease. Lower respiratory infec-
tion, or pneumonia, is its most common disease manifestation,
with 81% of the childhood deaths accounted from the
pathogen.1-3 Pneumococcal meningitis and sepsis, although
much less frequent, carry high fatality rates and high risk for
lifelong disability. In 2000, the US Food and Drugs Authority
licensed the use of the first pneumococcal conjugate vaccine for
infants, PCV7 (7 valent-pneumococcal conjugate vaccine). This
vaccine had been proven to be safe and effective in preventing
pneumonia and invasive disease (i.e., sepsis and meningitis).4

Most of the first adopters of the vaccine were high-income
countries, and significant declines in IPD and pneumonia
were observed after routine immunization.5,6 Since then,
higher-valency PCVs (i.e., PCV10 and PCV13) have been

licensed and replaced the use of PCV7 to respond to the
increasing diseases caused by non-vaccine serotypes.7-10

Pneumococcal conjugate vaccines (PCVs) were first intro-
duced in Spain in June 2001 after the marketing authorization
of PCV7.11 In 2009, newer generation PCVs, which cover
more serotypes (PCV10 and PCV13), have received marketing
approval in Europe. However, only PCV13 had gained
a recommendation from the Spanish Health Ministry on
June 2010. In 2011, the Galician region included PCV13 in
their routine infant immunization,12 the first in Spain to
adopt a routine immunization for PCV13. In the interim,
PCV reached relatively high coverage based on the Spanish
private market for regions where no routine immunization
program was started. Nationwide routine immunization in
Spain was started only in 2015 after a favorable decision
released by the Technical Working group for PCV13.11,13,14

The significant impact of conjugate vaccines is on its
capacity to confer herd protection as it extends its beneficial
effects on the whole population.15 The countries that have
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routinely given the vaccines in children saw a concomitant
decline in pneumococcal diseases in the non-targeted popula-
tion, specifically the adults and elderly.16-18 It is worth noting
that Galicia has an aging population, and the children who are
the targets of the current immunization program comprise 4%
of the total population. Our study aims to assess the direct
and indirect benefits of PCV from a region with a routine
PCV immunization program. The peculiar age-distribution in
Galicia offers a good case study on the vaccine impact in
a different population. Also, this information is crucial for
the immunization program managers and policymakers for
monitoring the immunization program and guiding the vac-
cination policies for PCV in Spain.

Methods

Study design

This is an ecological study designed to evaluate the incidence
rates of all-cause pneumonia, pneumococcal pneumonia, and
pneumococcal invasive diseases hospitalizations in all age-
groups in the region of Galicia, comparing three vaccination
periods: pre-vaccination (1998–2003), early vaccination per-
iod (2005–2009) and routine vaccination period (2011–2015).

Study setting

Galicia is one of the autonomous regions found in the north-
west of the Iberian Peninsula covering 29,574.80 km2 land
area (Figure 1). The region has 4 major provinces, A Coruña,
Lugo, Orense, and Pontevedra, with the regional capital,
Santiago de Compostela. The region has a total population
of 2,732,347 in 2015, which represents 5.9% of the whole
population in Spain. The population has a crude birth rate of
7.02 (per 1000 population, 8.41 average in whole Spain) and
a life expectancy of 83.3 years (83.1 years average in whole
Spain).19,20 The healthcare system (Servizio Galego de Saude,
SERGAS) is composed of 7 tertiary referral hospitals and 7

other secondary healthcare units which serve the entire
region (Figure 1).19-21

Galicia has a predominantly aging population. From the house-
hold census conducted in 2011 in the region, elderly (> 64 years)
comprised 19% of the population, with more than 47% of the
population aged 45 years and older. Children < 5 years old only
comprise 3.8% of the total population.19

Conjunto Minimo Basico Datos (CMBD) is the national
disease registry of Spain which is maintained by the Spanish
Health Ministry. All health facilities in the country submit
hospital admissions and outpatient clinic visits to this registry.
This system uses clinical codes from the Clinical Modification-
9th International Classification of Diseases ICD-9-CM (Spanish
version: Modificación Clínica Clasificación Internacional de
Enfermedades; CIE-9-MC). Detailed characteristics of the data-
base were described in separate publications.22,23

Although not included in the routine immunization program,
PCV7 was available in Galicia in the private market in 2004, after
marketing authorization in June 2001 in the country.11,12 The
vaccine was given using a three-dose primary series at
2-4-6 months and a booster dose at 12 months following the
recommendations from the Spanish Pediatric Association.24 In
2011, PCV13 was included in the routine infant immunization
program of Galicia,12,25,26 and is one of the very first regions in
Spain to do so. The decisionwasmade based on the epidemiologic
profile of invasive disease with vaccine serotypes covering 90% of
children < 2 years old and to alleviate the socioeconomic inequity
hindering the vaccine access of more than 40% of infants in the
region.12 The vaccine was given at 2 months and 4 months, plus
a booster dose at 12 months of age (2p+1) with a catch-up
immunization of children aged </ = 2 years of age. High-risk
infants received more doses at 2-4-6 months of age and a booster
dose at 12 months (3p+1).

Case identification

We identified hospitalized cases of all-cause pneumonia,
pneumococcal pneumonia, and pneumococcal invasive

Figure 1. The region of Galicia and the disease reporting units.
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diseases from the CMBD using specific ICD-9 codes shown in
Box 1. We collected cases submitted to the disease registry
from January 1, 1998, to December 31, 2015, by hospitals
within Galicia (SERGAS). Furthermore, we collected the age
and disaggregated into <5 years (young children), 5–14 years
(older children), 15–24 years (young adult), 24–44 years (mid-
dle adult), 45–64 years (older adult), and >64 years (elderly).

Statistical analysis

Annual hospitalization rates were calculated using the offi-
cial surveillance system for hospitalization (CMBD) and
compared among three study periods: pre-PCV vaccination
(1998–2003), early vaccination (using PCV7 released in
private market in 2005–2009) and routine vaccination
(using PCV13 in 2011–2015). We omitted the years 2004
and 2010 as a transition period for PCV7 and PCV13
introduction, respectively. We used one-way ANOVA to
compare between study periods. We performed all the
analysis using R Software, Version 3.0.2 (http://www.r-pro
ject.org). A p-value of < 0.05 is considered significant.

Furthermore, we also collected the vaccination coverage of
the target population from the PCV introduction from 2004
to 2015 from the Epidemiologic Reports in Galicia (Boletin
Epidemiológico de Galicia) published by the General
Directorate of Innovation and Public Health Management of
the Galician Health Department.27-29

Ethical considerations

The information contained in CMBD is aggregated and
includes no data that could identify patients, doctors or
centres, ensuring full confidentiality of the database.
CMBD meets the requirements of Law 15/1999 (adopted
on December 13th) on Biomedical Research regarding the
protection of personal data and privacy. The Galician
Research Ethics Committee granted permission for the
study (2016/142).

Results
Vaccination coverage of PCV7 (2004-2009) and PCV13
(2010-2015)

From 2004 to 2010, PCV7 was available in the private market
of Galicia. The Galician Health system released an estimate on
the vaccine coverage of PCV7 in the private market using
sales figures in the pharmacies within the region.27 This is
a rough estimate of the PCV7 coverage in children < 2 years
of age. From 2004 to 2010, there was a moderate vaccine
coverage (> 50% of the birth cohort) which slowly increased
up to 67% in 2010. Starting 2011, and upon the introduction
of PCV13 in the market, high vaccination coverage was
reached, starting at 87%, up to 100% in 2015.27-29

All-cause pneumonia hospitalizations

In over 18 years of the observation period (1998–2015), a total of
114,873 cases were hospitalized for all-cause pneumonia in the
Galician region. Among these, 24,808 were further diagnosed as
pneumococcal pneumonia. The majority of the cases were docu-
mented in the elderly population (>64 years) with 77,299 cases
(67.3%), followed by 16,212 cases (14.1%) in adults 45–64
years old. Infants and younger children (<5 years) comprised
8.2% of total cases (n = 9,418). The average number of cases
hospitalized due to all-cause pneumonia increased from 5,639
cases/year (pre-PCV) and 5,937 cases/year (early vaccination), to
7,834 cases/year (routine vaccination) (+32.0%, p < .0001) (Table
1) after routine introduction of the vaccine.

Using population-based estimates, there is an increasing
trend of hospitalized all-cause pneumonia in the region

Table 1. Average number of hospitalization across different vaccination period
(pre-PCV, early vaccination using PCV7, and routine vaccination using PCV13),
disaggregated into different age groups.

Period
Pre-PCV

1998-2003
Early

2005-2009
Routine

2011-2015 % change* p value**

All-cause pneumonia
POPULATION 5639 5937 7834 +32.0% ***
< 5 596 596 373 −37.4% ***
5-14 193 206 152 −26.2% 0.061
15-24 110 81 53 −34.6% 0.061
24-44 398 422 368 −12.8% 0.095
45-64 817 875 1048 +19.8% ***
> 64 3525 3759 5840 +55.4% ***
Pneumococcal pneumonia
POPULATION 1734 1594 671 −57.9% ***
< 5 222 130 23 −82.3% ***
5-14 63 48 12 −75.0% ***
15-24 27 22 6 −72.7% ***
24-44 112 114 43 −43.0% ***
45-64 220 228 112 −50.9% ***
> 64 1090 1051 476 −54.7 ***
Pneumococcal invasive diseases
POPULATION 1778 1666 741 −55.5% ****
< 5 227 137 25 −81.8% ***
5-14 65 49 13 −73.5% ***
15-24 28 24 6 −75.0% ***
24-44 118 124 51 −73.0% ***
45-64 230 245 130 −46.9% ***
> 64 1110 1086 515 −52.5% ***

*% change comparing private market use and routine immunization.
**p-value according to one-way ANOVA
***p < 0.0001

Box 1. ICD 9 codes of cases used in identifying cases.

All-cause pneumonia
480 Viral pneumonia
481 Pneumococcal pneumonia (Streptococcus pneumoniae, pneumonia)
482 Other bacterial pneumonia
483 Pneumonia due to other specified organism
484 Pneumonia in infectious diseases classified elsewhere
485 Bronchopneumonia, organism unspecified
486 Pneumonia, organism unspecified
487 Influenza
487.0 Influenza with pneumonia, any form
Pneumococcal pneumoniae
481 Pneumococcal pneumonia [Streptococcus pneumoniae pneumonia]
Invasive Pneumococcal disease
320.1 Pneumococcal meningitis
038.2 Pneumococcal septicemia [Streptococcus pneumoniae septicemia]
481 Pneumococcal pneumonia [Streptococcus pneumoniae pneumonia]
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(Figure 2(a)). Hospitalizations increased from 20.6/10,000
(pre-PCV) and 21.4/10,000 (early vaccination) to 28.4/10,000
population (routine vaccination) with a 32.7% increase
(p < .0001) (Table 2). Children < 5 years of age had the largest
reduction of incidence (−40.2%, p < .0001), while adults 45–64
and > 64 years old had an increase in the average number of
cases (+13.9%, p < .0001; +44.7%, p < .0001).

Pneumococcal pneumonia hospitalizations

A total of 24,808 pneumococcal pneumonia were hospitalized
from1998 to 2015.As previously noted,most of the cases belonged
to elderly aged > 64 years (65.7%). There is a net decrease in the
average number of cases from 1,734 cases/year (pre-PCV) and
1,594 cases/year (early vaccination), to 671 cases/year (routine
vaccination) after routine vaccine introduction (−57.9%,

Figure 2. All-cause pneumonia (a), pneumococcal pneumonia (b) and pneumococcal invasive diseases (c) hospitalizations in all age groups according to vaccination
periods: pre-vaccination (1998–2003), early vaccination period, PCV7 (2005–2009) and routine vaccination period, PCV13 (2011–2013).
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p < .0001) (Table 1). Comparing population-based estimate across
the years, a reduction of the incidence of hospitalized pneumo-
coccal pneumonia was observed from 6.3/10,000
(pre-PCV) and 5.7/10,000 (early vaccination) to 2.4/10,000 popu-
lation (routine vaccination) (−57.9%, p < .0001). A general declin-
ing trend was also observed (Figure 2(b)). Children < 5 years has
amaximumreduction of incidence (−83.3%, p< .0001).Adults 45-
64 years and elderly > 64 years had a reduction at −53.1% and
−58.0%, respectively (Table 2).

Pneumococcal invasive diseases

In total, 25,095 pneumococcal invasive diseases were hospi-
talized in the observation period (Table 1). The largest bur-
den of cases is on the elderly group (> 64 years old) with
16,858 cases or 65.1%, and in older adults (45–64 years old)
with 3,687 cases or 14.2% of the total. Children < 5 years with
2,314 cases (9.3%). There is a general declining trend of cases
across the years (Figure 2(c)). Using population-based esti-
mates of hospitalization, there is 55.0% reduction from 6.0
case/10,000 population (early vaccination) compared to 2.7
case/10,000 population (routine vaccination) (p < .0001)
(Table 2). The largest reduction of incidence was observed
in children < 5 years old (−82.7%, p < .0001). Elderly age-
group similarly has a significant reduction of hospitalization
(−55.8%, p < .0001)

Discussion

The high and sustained coverage with PCV confers direct and
indirect benefits among individuals and the community,
respectively. Our results showed a significant decline in

pneumococcal pneumonia hospitalizations for both the target
population (infants and children) and the older age group
(>65 years old). This offers supportive evidence on the sub-
stantial direct and indirect benefits (herd protection) of the
vaccine using a population-based hospital surveillance data
from a region of Spain with a mature PCV vaccination
program.

Since the introduction of PCV13 into the routine child-
hood vaccination schedule in 2010 in Galicia, pneumococcal
pneumonia declined globally by 57.9%. More notably, chil-
dren <5 years (target population) has a reduction of hospita-
lized pneumococcal pneumonia by 82.3% after routine
vaccination of PCV13. The continuous decline in childhood
pneumonia has also been observed in multiple countries
where PCVs have been introduced.30-37 However, the assess-
ment of the full benefit from PCV has always been under-
estimated, partly because much of its protective effects were
seen through herd protection of unvaccinated adults.30-33,38,39

In our study, a decline in pneumococcal pneumonia was
similarly seen in non-vaccine targets (older children up to
the elderly) (See supplementary figures). The largest decline
in the number of pneumococcal pneumonia was seen in the
elderly from an average of 1,051 cases/year to 476 cases/year
after routine vaccination, which amounts to an average
decline of 575 cases/year. Case-control and prospective cohort
studies can only measure the direct benefits but cannot assess
the indirect (herd) effects of the vaccine. In contrast, our
analysis provides an assessment of both direct and indirect
effects of the vaccination program. We report a significant
portion of the hospital admissions for all-cause pneumonia
and pneumococcal pneumonia averted by PCV13 were in the
elderly, suggesting herd protection in the community con-
ferred by the PCV program in children.

In our study, we observed a paradoxical net increase in the
total burden of all-cause pneumonia in the population.
Although all-cause pneumonia declined in the younger seg-
ments of the population, this was grossly obliterated by the
huge number of cases of pneumonia in older people. There
are numerous reasons for this occurrence. First, the primary
cause of pneumonia in the population may have shifted to
etiologies not covered by the current program. There are
numerous etiologies that may cause pneumonia in the elderly,
which includes viral agents (i.e., influenza and metapneumo-
virus), atypical bacteria (i.e., Legionella and mycoplasma), and
anaerobes.40,41 And though PCVs were reported to have off-
target effects, we did not see this to impact the total burden of
all-cause pneumonia in the elderly in Galicia. Second, Galicia
has an aging population. The most recent census and the
latest projections estimate that the region is hugely dominated
by people aged 64 years and older.19 The aging population
could change the infection epidemiology in the community,
different from what was usually seen in the literature. In
addition, the elderly group tends to have numerous comor-
bidities, which places them at higher risk for hospitalization.42

Finally, the PCV routine immunization program had targeted
only a small subset of the population. Herd effect is a function
of the number of vaccinated individuals and their proportion
in the population.1,5,43-45 Infants and children only comprise
a small percentage of the community, and may not have been

Table 2. Average hospitalization rates (case/10,000) across different vaccination
period (pre-PCV, early vaccination using PCV7, and routine vaccination using
PCV13), disaggregated into different age groups.

Period
Pre-PCV

1998-2003
Early

2005-2009
Routine

2011-2015 % change* p value**

All cause pneumonia
POPULATION 20.6 21.4 28.4 +32.7% ***
< 5 year 67.5 57.4 34.3 −40.2% ***
5-14 8.0 9.8 7.0 −28.6% 0.031
15-24 2.8 2.7 2.2 −18.5% 0.103
24-44 5.0 4.9 4.6 −6.1% 0.246
45-64 12.6 12.2 13.9 +13.9% 0.018
> 64 63.0 62.8 90.9 +44.7% ***
Pneumococcal pneumonia
POPULATION 6.3 5.7 2.4 −57.9% ***
< 5 25.2 12.6 2.1 −83.3% ***
5-14 2.6 2.3 0.5 −78.3% ***
15-24 0.7 0.8 0.2 −75.0% ***
24-44 1.4 1.3 0.5 −61.5% ***
45-64 3.4 3.2 1.5 −53.1% ***
> 64 19.5 17.6 7.4 −58.0% ***
Invasive diseases
POPULATION 6.5 6.0 2.7 −55.0% ***
< 5 25.8 13.3 2.3 −82.7% ***
5-14 2.7 2.3 0.6 −73.9% ***
15-24 0.7 0.8 0.3 −62.5% ***
24-44 1.5 1.5 0.6 −60.0% ***
45-64 3.5 3.4 1.7 −50.0% ***
> 64 19.9 18.1 8.0 −55.8% ***

*% change comparing private market use and routine immunization.
**p-value according to one-way ANOVA
***p < 0.0001
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sufficient to cut the transmission within the region. Although
pneumococcal pneumonia was observed to decline, it is pre-
mature to conclude that the remaining burden is that of
vaccine-serotype pneumococcus.

Most of the studies in Spain on the effect of PCVhave focused
on areas with limited implementation of the vaccine,46 or used
case-control design for the assessment.47 In Madrid, a similar
region that introduced routine PCV13 vaccination, an impact
study documented a 63% reduction of invasive pneumococcal
diseases specific to PCV13-serotypes.45 Our group supports their
findings and further extends the vaccine impact on the hospita-
lization burden from pneumonia of other causes. Furthermore,
our results also reinforce the previous assessment on the herd
effects of the vaccine in Spain.48-50 Although previous assess-
ments in the country have documented an increasing detection
of non-vaccine serotypes causing disease after use of vaccine, its
overall burden is yet to be seen from surveillance data in a region
after prolonged vaccine-use.51-53

Our study has its limitations. First, this is an ecological study
that evaluated the impact of the Galician PCV program in
Spain, and thus, are subject to similar biases using a similar
study design. Possible sources of bias include changes in admis-
sion criteria, changes in management and diagnostic criteria,
and population migration that may have occurred across the
period of observation. Second, etiology was not determined in
most cases. This is another inherent weakness in using a registry
as a source of information. Whether the decline in all-cause
pneumonia or invasive disease is a secondary (off-target) effects
of the vaccine and other preventive health programs, or
a change in the epidemiology of another etiologic agent are all
plausible reasons for the decline in hospitalized cases. Finally,
no serotype information is available to quantify the vaccine
effectiveness against individual serotypes. Our analysis cannot
separate vaccine-type from non-vaccine-type disease because
diagnoses are not serotype-specific. Monitoring the circulating
serotype post-PCV introduction is crucial as an increase in non-
vaccine serotypes were seen in some countries after routine
vaccination.32,54,55 Whether this serotype replacement can also
be seen in Spain is beyond the coverage of our study. Continued
monitoring of circulating pneumococcal serotypes, especially in
mature PCV vaccination programs like in Galicia, is important
in this regard.

Mature PCV vaccination program in infants and children can
result in the protection of the elderly population, a group that
does not respond as well to vaccination because of immune
senescence or underlying diseases. Although PCV13-vaccinated
children (<5 years) accounted for only ~4% of the Galician
population, our study suggests that this was sufficient to reduce
the burden of pneumococcal pneumonia substantially across all
age groups. These findings are important now that PCV13 vac-
cination is being used in adults as shown in clinical trials and few
impact studies.56-58 However, there is still debate whether indir-
ect protection through infant vaccination is enough for the whole
population protection.59 With the aging population in Galicia
(and in Spain), and the significant remaining burden of pneu-
mococcal pneumonia despite the shown herd benefits, immuni-
zation of elderly is an equally valid strategy alongside other
preventive measures for the holistic control of respiratory infec-
tions in the population.60 July 2017, Galicia has introduced

PCV13 in the elderly population (>/ = 65 years old).25 The
impact of this strategy in the region is yet unknown, but it is
necessary to evaluate the added value of adult vaccination with
PCV13 to determine the most efficient vaccination schedule.

Conclusion

The vaccines have shown direct and indirect benefits against
pneumococcal disease in Northern Spain, considering that the
vaccine was given only to children, and a big fraction of the
community are non-vaccine targets (adults and elderly). Despite
the global impact of infant pneumococcal conjugate vaccina-
tion, the remaining burden of pneumococcal disease in elderly
is huge, and adult immunization of PCV seems a promising
strategy in an aging population. However, pneumococcal dis-
eases have a dynamic epidemiology, and in other countries, an
increase in non-vaccine serotype diseases has been documented.
We have also shown that the Spanish hospital-based national
registry (Conjunto Minimo Basico Datos, CMBD) could be
used to closely monitor these changes and ensure the continued
benefit of the population from the vaccine. The data coming
from a mature PCV program as that of Galicia with
a background of an aging population, could provide a sentinel
in predicting the pneumococcal epidemiology in Spain.
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