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Abstract
Background: Benefits using the 13-valent pneumococcal conjugate vaccine (PCV13) in adults are controversial. This
study investigated clinical effectiveness of PCV13 vaccination in preventing hospitalisation from pneumonia among
middle-aged and older adults.
Methods: Population-based cohort study involving 2,025,730 individuals ≥50 years in Catalonia, Spain, who were
prospectively followed from 01/01/2015 to 31/12/2015. Primary outcomes were hospitalisation for pneumococcal
or all-cause pneumonia and death from any cause. Cox regression models were used to evaluate the association
between PCV13 vaccination and the risk of each outcome, adjusting for age, sex and major comorbidities/underlying
risk conditions.
Results: Cohort members were observed for a total of 1,990,701 person-years, of which 6912 person-years were PCV13
vaccinated. Overall, crude incidence rates (per 100,000 person-years) were 82.8 (95% confidence interval [CI]: 77.7–88.1)
for pneumococcal pneumonia, 637.9 (95% CI: 599.0–678.7) for all-cause pneumonia and 2367.2 (95% CI: 2222.8–2518.7)
for all-cause death. After multivariable adjustments we found that the PCV13 vaccination did not alter significantly the
risk of pneumococcal pneumonia (multivariable-adjusted hazard ratio [mHR]: 1.17; 95% CI: 0.75–1.83; p = 0.493) and allcause death (mHR: 1.07; 95% CI: 0.97–1.18; p = 0.190), although it remained significantly associated with an increased
risk of all-cause pneumonia (mHR: 1.69; 95% CI: 1.48–1.94; p < 0.001). In stratified analyses focused on middle-aged or
elderly persons and immunocompromised or immunocompetent subjects, PCV13 vaccination did not appear effective
either.
Conclusion: Our data does not support clinical benefits of PCV13 vaccination against pneumonia among adults in
Catalonia. It must be closely monitored in future studies involving more vaccinated person-time at-observation.
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Background
Pneumococcal infections are a major cause of morbidity
and mortality, especially among infants, high-risk adults
and elderly people [1]. Among adults, apart from the
classical 23-valent pneumococcal polysaccharide vaccine
(PPsV23), [2] a 13-valent protein-polysaccharide conjugate vaccine (PCV13) has been available for use in adults
since 2012 [3].
At present, the Advisory Committee on Immunization
Practices (ACIP) of the Centers for Disease Control and
Prevention (CDC, Atlanta, Ga, USA) recommends
PCV13 vaccination (sequentially with the PPsV23) for
those persons aged 19–64 years who have high-risk conditions (mainly anatomical or functional asplenia and
immunocompromising conditions) and all persons
65 years or older (with or without risk conditions) [4, 5].
These recommendations are based on immunogenicity
studies (which showed that PCV13 induced an immune
response as good as or better than that induced by
PPsV23 for common serotypes) [6, 7] and the results of
the CAPITA study (a randomised-controlled trial [RCT]
comparing PCV13 vs placebo among elderly individuals
in the Netherlands) [8] which reported a PCV13 efficacy
of 46% against vaccine-type invasive pneumococcal infections. However, some experts and clinicians are not in
accordance with a positive interpretation of data reported in the CAPITA trial and disagree with ACIP’S
recommendations [9–11].
In Catalonia, a region in Northeastern Spain with approximately seven million people, the PPsV23 has been
recommended for high-risk and older adults since the
2000s, reaching a coverage of approximately 60–70% in
these persons [12]. The PCV7/PCV13 have been used
for childhood immunisation since they were marketed in
2001 and 2010, respectively, reaching intermediate vaccination coverage (48% in at-risk infants) [13]. Among
adults, the PCV13 is recommended and publicly funded
for some high-risk individuals (basically immunocompromised patients), [14] being also prescribed by some
clinicians for adults with other risk conditions (chronic
pulmonary or respiratory disease, heart disease, liver disease, diabetes mellitus, etc) although it is not publicly
funded in these patients and, consequently, PCV13
coverage remains low [12].
Considering this, we designed a population-based cohort study, known as EPIVAC (Effectiveness of Pneumococcal and Influenza Vaccinations among Adults in
Catalonia), with the major aim of evaluating possible
clinical benefits of antipneumococcal and influenza vaccinations among the general population over 50 years. In
this report we have analysed the clinical effectiveness of
PCV13 vaccination in preventing hospitalisation for
pneumonia (pneumococcal and all-cause) in the study
cohort at one-year follow-up. In addition, considering
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the debate about current PCV13 recommendations, we
have also assessed vaccination effectiveness in stratified
analyses according to age subgroups and immunological
situation.

Methods
Design, setting and study population

This is a closed population-based prospective cohort
study involving 2,025,730 middle-aged and older adults
in Catalonia, Spain. Cohort members were all persons
assigned to the 274 Primary Health Care Centres
(PHCCs) managed by the Catalonian Health Institute
(Institut Catala de la Salut, ICS) who were aged 50 years
or older at December 31, 2014.
In the study setting, similar to the rest of Spain, all
inhabitants are covered by the National Health Service
by a compulsory health assurance system; so, all inhabitants are assigned to a PHCC. Around Catalonia there
are 358 PHCCs, of which 274 (76.5%) are managed by
the ICS and 84 PHCCs are managed by other providers.
The analysed cohort (n = 2,025,730 persons) represents a
75.2% of the total 2,693,570 Catalonian inhabitants over
50 years-old according to 2014 census data (Fig. 1).
Cohort members were followed since the beginning of
the study (01/01/2015) until the occurrence of any event,
disenrollment from the PHCC, death, or until the end of
one-year follow-up (31/12/2015).
The study was approved by the ethical committee of
the Institution (ethic committee IDIAP Jordi Gol, file
P14/134) and was conducted in accordance with the
general principles for observational studies [15].
Data sources

The Information system for the development of research
in primary care of Catalonia (SIDIAP), [16] which compiles administrative data and clinical information contained in the Electronic PHCC’s medical records, was
used to identify vaccinations, comorbidities and underlying risk conditions among study subjects and to establish baseline characteristics of cohort members at study
start. We assumed that information in primary care clinical records was complete; so, a vaccination, comorbidity or risk condition was considered absent if it
was not recorded. Quality criteria for clinical data of
the SIDIAP research database has been reported elsewhere [17].
To identify study events (hospitalisations for pneumococcal and all-cause pneumonia) occurred among cohort
members across study period, we used the national surveillance system for hospital discharge data (“Conjunto
Minimo Basico de Datos”, CMBD) maintained by the
Spanish Ministry of Health [18]. The CMBD system includes 98% of Spanish hospitals, covering an estimated
99.5% of the Spanish population (covered in the National
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Fig. 1 Number of individuals at each stage of the study, vaccination status and endpoints across one-year follow-up

Health Care System by a compulsory health insurance).
In the present study we used CMBD hospital discharge
codes, coded according to the International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9), reported during 2015 from the 68 Catalonian
hospitals.

Data set linkage

The two data sets (SIDIAP and CMBD) were linked by
the Catalan Institute of Health (ICS), the public health
provider, that acts as the trusted third part between
SIDIAP and CatSalut (the Catalan Service of Health,
whose have the hospital admissions).
The steps to made the linkage were as follows:

 SIDIAP provides the anonymous identifies of the

cohort of the project to the ICS.
 The ICS translates the identify to the CIP, the

Patient Identification Code, that is the unique
identifier of a patient in Catalonia.
 Catsalut returns the hospital data related to those
patients to the ICS.
 The ICS anonymizes back the IDs and get the data
back to SIDIAP, this time including the hospital
data.
The Catalan Institute of Health is the only that can
made the linkage because they know the relation
between the anonymous identifier and the open one
(the CIP).
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As the assignation of patients is done through the CIP,
it is directly, is not a probabilistic assignation; so, there
are not duplications. The only possible case is which one
patient does not link with any CIP, and in this situation
it will not have hospital admissions.
Outcome definitions

Pneumococcal pneumonia (ICD-9: 481) and all-cause
pneumonia (ICD-9: 480 to 487.0) were defined on the
basis of hospital discharge codes (any diagnostic position) reported by the CMBD in hospitalisations occurred among cohort members from 01/01/2015
throughout 31/12/2015. Only a first episode of hospitalisation from pneumonia during the study period was
considered; so, the analyses do not include multiple
events per person. Death from any cause was considered
according to administrative data (vital status), which is
periodically updated in the SIDIAP data base. Death
from pneumonia (case-fatality) was considered when the
patient died (in-hospital or not) within the first 30-day
after pneumonia diagnosis.
Because of the enormous size of the study cohort, an
active following of study participants was considered not
feasible. Nevertheless, all participating hospitals in the
study setting basically apply similar diagnostic checklist
and treatment for patients presenting with a clinical suspicion of pneumonia (which is established on the basis
of an acute respiratory illness, with evidence of the presence of a new infiltrate in a chest radiograph). Conventional diagnostic workup included blood culture, sputum
culture and S. Pneumoniae urinary antigen test (BinaxNOW), which were performed as indicated by the attending physician in each case.
Exposure

The main explanatory variable was PCV13 vaccination
status. It was determined by a review of the PHCCs’
electronic clinical records which contain specially designated fields for pneumococcal and influenza vaccinations (virtually all of them are administered at the
PHCCs in the Spanish Health System). At the beginning
of the study, cohort members were classified into the
PCV13 vaccinated group if they had received at least
one dose of PCV13 before the study started. Across the
study period, PCV13 vaccination status was a timevarying condition given some individuals received the
vaccine after the study start. Subjects were considered to
be vaccinated 14 days after vaccine administration. For
the PPsV23 vaccination status as covariate, cohort members were considered vaccinated if they had received the
vaccine at any time. For influenza vaccination status, cohort members were considered as vaccinated if they had
received the flu vaccine in the prior autumn.
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Covariates

Besides PPsV23 and influenza vaccine status, baseline
covariates were age, sex, history of hospitalisation for
pneumococcal disease or pneumonia during the previous
24-month, presence of chronic pulmonary/respiratory
disease, chronic heart disease, diabetes mellitus, chronic
liver disease, alcoholism, current smoking, and immunological situation. Immunocompromise was a composite
variable defined by the presence of any one of the following: immunodeficiency/HIV infection, asplenia,
chronic renal disease, bone marrow transplantation, cancer and/or immunosuppressive medication. Definitions
used to identify comorbidities/underlying conditions are
listed in the Appendix.

Statistical analysis

Incidence rates were calculated as person-years, considering in the denominator the sum of the persons-time
contributed to each individual during the study period.
Baseline characteristics according to PCV13 vaccination
status were compared using Chi-squared or T test as
appropriate.
Cox regression models for time-varying covariables
were used to evaluate the association between having received the PCV13 and the time of the first outcome during the study period [19]. Pneumococcal vaccination
status was a time-varying condition, whereas the other
covariates were defined at study entry. All abovementioned covariates were initially considered potential candidates for the calculation of multivariable Cox models.
The method to select a subset of covariates to include in
the final models was the purposeful selection [19]. The
proportional hazard assumptions were assessed by adding the covariate by log-time interactions to the model.
PPsV23 and influenza vaccine status were judged epidemiologically relevant covariates, being included in all the
final models. All models were compared by the partial
likelihood ratio test and Akaike information criterion.
Besides the main analysis including all study population, we performed four supplementary stratified analyses focused on middle-age individuals (50–64 years),
elderly people (65 years or older), immunocompetent
and immunocompromised persons.
All results were expressed with 95% confidence intervals (CIs). Statistical significance was set at p < 0.05
(two-tailed). The analyses were performed using Stata/
SE 12.1 (Stata Corp.).
Rationale for sample size and statistical power: with
an expected incidence of 7 cases per 1000 personsyear for all-cause pneumonia, considering a PCV13
coverage of 0.5%, with a p = 0.05 (two-tailed) the
study cohort (N = 2,025,730 individuals followed during a one-year period) has a statistical power of 70%
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to detect a possible PCV13 effectiveness of 35%
against this outcome.

Results
The 2,025,730 cohort members were observed for a total
of 1,990,701 person-years, of which 6912 person-years
were PCV13 vaccinated. At study start, 5010 cohort
members had received PCV13. Of the remaining
2,020,720 cohort members initially classified into the
non-vaccinated group, 4460 received PCV13 later (contributing to the analyses with 2260 person-years in the
non-vaccinated group and 2153 person-years in the vaccinated group).
At baseline, mean age of participants was 66 years-old
(SD: 11.5) and 932,072 (46%) were male. PCV13 vaccinated subjects were older, suffered more comorbidities,
and had a higher proportion of PPsV23 and influenza
vaccination than PCV13 unvaccinated subjects (Table 1).
During the study period, 47,265 (2.3%) cohort members died and 14,488 (0.7%) moved or were lost patients.
An amount of 12,699 cohort members had a first

episode of hospitalisation for all-cause pneumonia, of
which 1648 were pneumococcal pneumonia (Fig. 1).
Incidence rates (per 100,000 person-years) were 82.8
(95% CI: 77.7–88.1) for pneumococcal pneumonia (289.3
in PCV13 vaccinated vs 82.1 in PCV13 unvaccinated),
637.9 (95% CI: 599.0–678.7) for all-cause pneumonia
(3298.6 in PCV13 vaccinated vs 626.6 in PCV13 unvaccinated) and 2367.2 (95% CI: 2222.8–2518.7) for all-cause
death (5944.1 in PCV13 vaccinated vs 2354.5 in PCV13
unvaccinated).
Considering all-pneumonia cases, case-fatality was
8.3% (19/228) in PCV13 vaccinated vs 6.7% (836/12471)
in PCV13 unvaccinated (p = 0.330). Considering pneumococcal pneumonia, case-fatality was 10% (2/20) in
PCV13 vaccinated vs 4.9% (79/1628) in PCV13 unvaccinated (p = 0.290).
Table 2 shows absolute number of events, incidences
and risks of hospitalisation for pneumococcal pneumonia, all-cause pneumonia and all-cause death according
to PCV13 vaccination status in the total study population. In the unadjusted analyses, as well as in the age

Table 1 Baseline characteristics of 2,025,730 cohort members according to their PCV13 vaccination status before the study started
PCV13 VACCINATED
N=5,010
n (%)

PCV13 UNVACCINATED
N=2,020,720
n (%)

p valuea

1,393 (27.8)

1,015,783 (50.3)

<0.001

Ageb
50-64 years
65-79 years

2,256 (45.0)

687,149 (34.0)

≥ 80 years

1,361 (27.2)

317,788 (15.7)

Sex, male

2,750 (54.9)

929,322 (46.0)

<0.001

History of pneumococcal disease in previous 2 yrs.

91 (1.8)

2,634 (0.1)

<0.001

History of all cause pneumonia in previous 2 yrs.

324 (6.5)

14,432 (0.7)

<0.001

PPV23 vaccination at any time

4,050 (80.8)

782,896 (38.7)

<0.001

Influenza vaccination in the prior autumn

4,143 (82.7)

679,345 (33.6)

<0.001

Chronic respiratory disease

1,605 (32.0)

209,916 (10.4)

<0.001

Chronic heart disease

1,553 (31.0)

245,929 (12.2)

<0.001

Diabetes mellitus

1,574 (31.4)

338,749 (16.8)

<0.001

Chronic liver disease

341 (6.8)

41,173 (2.0)

<0.001

Chronic renal disease

454 (9.1)

16,302 (0.8)

<0.001

Alcoholism

162 (3.2)

58,313 (2.9)

0.142

Smoking

465 (9.3)

315,613 (15.6)

<0.001

2,109 (42.1)

173,945 (8.6)

<0.001

c

Immunocompromise

Multiple comorbidities

a

Immunocompetent subjects

920 (18.4)

220,718 (10.9)

<0.001

Immunocompromised subjects

1,696 (33.9)

106,667 (5.3)

<0.001

p values were calculated with chi-square test.
At the beginning of the study, mean age of the unvaccinated and vaccinated subjects were 66.02 years (Standard Deviation, SD: 11.46) and 71.47 years
(SD: 10.83) respectively.
c
Immunocompromise was a composite variable defined by the presence of any one of the following: cancer (solid organ or haematological neoplasia), chronic
severe nephropathy (nephrotic syndrome, renal failure, dialysis or transplantation), anatomical or functional asplenia, immunodeficiency (including AIDS), and
long-term corticosteroid therapy (20 mg/day of prednisone) or another immunosuppressive medication.
b
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Table 2 . Incidence and Risk of hospitalisation for pneumococcal pneumonia, all-cause pneumonia and death from any cause in
relation to PCV13 vaccination status in the total study population (N=2,025,730)
Event
Parameter

Pneumococcal pneumonia

All cause pneumonia

Death from any cause

Number of events
Vaccinated

20

228

420

Unvaccinated

1,628

12,471

46,845

Vaccinated

289.3

3,298.6

5,944.0

(95% CI)

(176.8-445.5)

(2,909.4-3,740.6)

(5,385.2-6,562.1)

Unvaccinated

82.1

(95% CI)

(77.1-87.4)

628.6
(590.3-668.8)

2,354.5
(2,210.9-2,505.2)

Unadjusted incidence rate per 1000
person-years

Unadjusted hazard ratio

3.70

5.44

2.51

(95% CI)

(2.38-5.76)

(4.77-6.20)

(2.28-2.76)

p value

<0.001

<0.001

<0.001

2.40

3.42

1.68

(95% CI)

(1.55-3.74)

(3.00-3.89)

(1.53-1.85)

p value

<0.001

<0.001

<0.001

Age and sex adjusted hazard ratio

1.17

1.69

1.07c

(95% CI)

(0.75-1.83)

(1.48-1.94)

(0.97-1.18)

p value

0.493

<0.001

0.190

Multivariable-adjusted hazard ratio

a

b

NOTE: The hazard ratios are for PCV13 vaccinated subjects as compared with PCV13 unvaccinated subjects.
a
adjusted for age (continuous), sex, history of pneumococcal disease or pneumonia during the previous 24 months, presence of chronic pulmonary/respiratory
disease, chronic heart disease, diabetes, chronic liver disease, alcoholism, current smoking, immunodeficiency, HIV infection, chronic renal disease, cancer,
immunosuppressive therapy, history of pneumococcal polysaccharide vaccination at any time and receipt or non receipt of influenza vaccine in prior autumn.
b
adjusted for age (continuous), sex, history of pneumococcal disease or pneumonia during the previous 24 months, presence of chronic pulmonary/respiratory
disease, chronic heart disease, diabetes, chronic liver disease, alcoholism, current smoking, immunodeficiency, HIV infection, chronic renal disease, bone marrow
transplantation, cancer, immunosuppressive therapy, history of pneumococcal polysaccharide vaccination at any time and receipt or non receipt of influenza
vaccine in prior autumn.
c
adjusted for age (continuous), sex, history of pneumococcal disease or pneumonia during the previous 24 months, presence of chronic pulmonary/respiratory
disease, chronic heart disease, diabetes, chronic liver disease, alcoholism, current smoking, asplenia, immunodeficiency, HIV infection, chronic renal disease, bone
marrow transplantation, cancer, immunosuppressive therapy, history of pneumococcal polysaccharide vaccination at any time and receipt or non receipt of
influenza vaccine in prior autumn.

and sex-adjusted analyses, PCV13 was associated with
an increased risk for all analysed outcomes. In the multivariable analyses, PCV13 vaccination did not alter significantly the risk of pneumococcal pneumonia
(multivariable Hazard Ratio [mHR]: 1.17; 95% CI: 0.75–
1.83; p = 0.493) or all-cause death (mHR: 1.07; 95% CI:
0.97–1.18; p = 0.190), but it remained significantly associated with an increased risk of all-cause pneumonia
among vaccinated subjects (mHR: 1.69; 95% CI: 1.48–
1.94; p < 0.001).
In stratified analyses according to age subgroups and
immunological situation (Table 3), after multivariable
adjustments the PCV13 vaccination did not shown any
significant effect against pneumococcal pneumonia and
all-cause death. However, it appeared significantly associated with an increased risk of all-cause pneumonia
among elderly people (mHR: 1.76; 95% CI: 1.52–2.04; p
< 0.001), immunocompromised persons (mHR: 1.51; 95%

CI: 1.24–1.83; p < 0.001) and immunocompetent subjects
(mHR: 1.86; 95% CI: 1.55–2.25; p < 0.001).

Discussion
Clinical benefits using PCV13 in adults are controversial
[8–11]. We undertook a large population-based cohort
study to investigate the clinical effectiveness of PCV13
vaccination in preventing hospitalisations for pneumococcal and all-cause pneumonia among middle-aged and
older adults in Catalonia. To our knowledge, apart from
the CAPITA trial, [8] this is the first large prospective
study evaluating this issue in practice.
As main findings, PCV13 vaccination did not emerge
effective to prevent pneumonia and/or death in our
study population. In the initial unadjusted analyses,
crude incidence rates for all analysed outcomes were
largely greater in PCV13 vaccinated than in PCV13 unvaccinated subjects, reflecting the baseline excess risk of
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Table 3 Stratified analyses on PCV13 effectiveness according to age subgroups and immunological situation
Age Strata
50-64 years
n= 1,017,176

Immunological Status
≥65 years
n=1,008,554

Compromised
n=176,054

Competent
n=1,849,676

Pneumococcal
pneumonia
Number of events

350

1,298

401

1,247

Multivariable HR

0.58

1.32

0.86

1.47

(95% CI)

(0.20-1.67)

(0.81-2.18)

(0.44-1.69)

(0.81-2.68)

p value

0.314

0.268

0.664

0.204

2,115

10,584

3,222

9,477

Multivariable HR

1.21

1.76

1.51

1.86

(95% CI)

(0.85-1.72)

(1.52-2.04)

(1.24-1.83)

(1.55-2.25)

p value

0.283

<0.001

<0.001

<0.001

All cause pneumonia
Number of events

All cause death
Number of events

4,984

42,281

14,615

32,650

Multivariable HR

1.01

1.06

1.01

1.10

(95% CI)

(0.77-1.32)

(0.95-1.17)

(0.88-1.14)

(0.95-1.27)

p value

0.951

0.309

0.928

0.217

The HRs (hazard ratios) are for PCV13 vaccinated subjects as compared with PCV13 nonvaccinated and were adjusted, where appropriate, for age, sex, history of
pneumococcal disease or pneumonia during the previous 24 months, presence of chronic pulmonary/respiratory disease, chronic heart disease, diabetes, chronic
liver disease, alcoholism, current smoking, asplenia, immunodeficiency, HIV infection, chronic renal disease, bone marrow transplantation, cancer,
immunosuppressive therapy, history of pneumococcal polysaccharide vaccination at any time and receipt or non receipt of influenza vaccine in prior autumn

vaccinated (who had higher prevalence of underlying
risk conditions than unvaccinated subjects). After multivariable adjustments we found that PCV13 vaccination
did not alter significantly the risk of hospitalisation for
pneumococcal pneumonia and/or all-cause death, but it
remained significantly associated with an increased risk
of hospitalisation for all-cause pneumonia (mHR: 1.69;
95% CI: 1.48–1.94) considering the total study cohort. In
stratified analyses focused on immunocompromised persons and elderly individuals, main target groups where
PCV13 is currently recommended, [4, 5] the PCV13 did
not emerge effective either. In fact, excluding middleaged individuals, PCV13 vaccination appeared significantly associated with an increased risk of all-cause
pneumonia in all analysed strata.
Although apparently opposite, our data does not fully
disagree with data reported in the CAPITA trial (the
unique RCT that has evaluated the clinical efficacy of
the PCV13 in adults to date) [8]. Concretely, the
CAPITA study (large RCT comparing PCV13 vs placebo
among 84,496 individuals ≥65 years in the Netherlands)
reported a significant PCV13 efficacy of 45.6% (95% CI:
21.8% to 62.5%) against vaccine-type pneumococcal pneumonia but did not show any significant efficacy of PCV13
against all-cause pneumonia, death from pneumonia and
all-cause death [8]. The reported PCV13 efficacy against

all-type pneumococcal pneumonia was 30.6% (95% CI:
9.8% to 46.7%) in the CAPITA trial, [8] which overlaps
with data observed in the present study (mHR: 1.17; 95%
CI: 0.75–1.83). On other hand, considering all-cause pneumonia, we note that a null or negative effect of PCV13
against all-cause community-acquired pneumonia was not
fully excluded among the general elderly population in the
CAPITA study (PCV13 efficacy: − 5%to 14%) [8].
We highlight that comparison is difficult due to important methodological and epidemiological differences
between both studies. Indeed, while no routine antipneumococcal vaccination for adults and/or children
had been introduced in the Netherlands when the
CAPITA trial started, [20] the PPsV23 for adults and the
PCV7/PCV13 for children had been used in Catalonia
since the 2000s [12, 13]. Thus, the PCV13 efficacy estimates in a population with an expected greater prevalence of circulating PCV13 serotypes can not be fully
compared with the PCV13 effectiveness in a population
with a minor prevalence of circulating PCV13-serotypes
(if a herd effect from PCV’s childhood immunisation
may be expected) [21].
At present, because the risk of immunization is believed to be very small, many experts and clinicians recommend pneumococcal vaccination for all persons with
an increased risk of infection or death (i.e, high-risk
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adults and elderly persons) [4, 5, 22, 23]. However, we
note that having an increased risk of suffering a
pneumococcal infection (e.g. immunocompromising or
other risk conditions) does not necessarily imply that
vaccination of these persons will be an effective measure
in the practice [24–26]. According to our results, the
possibility of a harm effect of PCV13 vaccination (increasing the risk of all-cause pneumonia) may not be
completely excluded. Hypothetically, since PCV13 vaccination may reduce pneumococcal carriage/colonization
and this could alter the nasopharyngeal/respiratory tract
flora, an increase in infections by other microorganisms
(especially in high-risk or elderly individuals) could be a
possible explanation for this unexpected finding.
The authors underline the importance of RCT data,
and note the limited amount of such data regarding clinical efficacy of PCV13 in adults. Clinical outcomes of patients are affected by many factors, being antibody
production and associated phagocyte stimulation only
one aspect, which incompletely represent the immune
response overall (especially aging immune response) and
may not adequately reflect the potential impact of the
vaccine on clinical outcomes [2, 3, 27].
Major strengths in this study were the large size and
representativity of the study cohort (involving more than
2 million people, almost 80% of overall population over
50 years in Catalonia), and the use of survival analysis
methods to estimate PCV13 effectiveness against public
healt relevant outcomes such as hospitalisation from
pneumococcal or all-cause pneumonia and all-cause
death. Although it is not a RCT, the large size of the
study population together with the adjustment of major
possible confounding variables (e.g, history of previous
pneumococcal disease or pneumonia, comorbidities and
underlying risk conditions, PPsV23 and influenza vaccination status) in the multivariable analyses may provide
an acceptable basis to assess the potential effects of
PCV13 vaccination in adults at present.
Major limitations in this study are related with its observational nature: mainly, the non-randomised vaccination and the scarce PCV13 coverage in the study
population (which limits statistical power to evaluate
vaccination effectiveness against uncommon events, especially in subgroups analyses). The authors recognize
these inherent limitations but note that, opposite to
“vaccine efficacy” that must be evaluated by trials with
controlled conditions, “vaccination effectiveness” may be
evaluated by observational studies conducted in the realpractice conditions (i.e., study populations where the
vaccine is not routinely used or it is more frequently
prescribed for persons with underlying risk conditions as
in the present study).
In this study, the large differences in outcomes between PCV13 vaccinated and unvaccinated suggest that
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vaccinated persons were sicker. The large differences observed in crude incidence rates between vaccinated and
unvaccinated mostly resolved in the multivariable analysis, although a residual confounding due to unobserved
factors (as all observational studies) may not be completely excluded [19]. In favour of a non important residual confounding in the final PCV13 effectiveness
estimates, we note that the adjusted risk of all-cause
death did not significantly differ between vaccinated and
unvaccinated (mHR: 1.07; 95% CI: 0.97–1.18; p = 0.190),
despite crude mortality had been more than double in
vaccinated (5944 per 100,000) than in unvaccinated
(2354 per 100,000).
Our study is not able to assess the possible overall effect of PCV13 against all pneumonia (including outpatient cases) because only hospitalisations from
pneumonia were included. We note that pneumonia
cases managed outside the hospital could represent approximately a 25% of overall pneumonia cases in older
adults and this was not evaluated in the present study.
In the present study, comorbidities/underlying risk
conditions for pneumococcal disease were considered
only at baseline. Incident comorbidities occurred after
study start were not assessed, which could affect vaccination effectiveness estimates for the subgroup of
patients who developed later any of these comorbidities/risk conditions considered as an indication for
PCV13 vaccination. Basically, this could affect to
immunocompromising conditions (although their expected incidence would be small). We note that the
majority of comorbidities/risk conditions related to
PCV13 indication are prevalent conditions (mainly
chronic illnesses), which were established at baseline
and little incidence of new cases would be expected
throughout one-year period after study start.
On other hand, although the validity of clinical data
source was previously checked, [16] information bias
may have occurred if some vaccinations and/or comorbidities/underlying conditions were not recorded.
We do not have available data for pneumococcal serotypes (which is not reflected in the Spanish CMBD
system) and, consequently, vaccination effectiveness
against vaccine-type pneumococcal infections (the
most specific outcome evaluating vaccine efficacy) can
not be assessed in the present study. We note, however, that the expected incidence of this outcome is
low (10.2 cases per 100,000 elderly population-year
according to laboratory-based epidemiological data in
Catalonia during 2014) [28] and underline the fact
that our study provides other very important data
from a clinical and public health point of view (such
as hospitalisation for pneumococcal and all-cause
pneumonia, death from pneumonia and death from
any cause).
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Conclusions
In the present population-based cohort study involving
more than 2 million people over 50 years old in Catalonia, clinical benefits from PCV13 vaccination have not
emerged. Apart from a possible protective effect of the
PCV13 against vaccine-type infections (which can not be
assessed in the present study), our unadjusted and adjusted data show that PCV13 vaccination did not provide clinical benefits in reducing hospitalisation from
overall pneumococcal pneumonia, as in the general
people over 50 years old as well as in immunocompromised subjects and elderly individuals (main targeted
groups where PCV13 is currently recommended in
adults). Our data does not exclude a possible null or
negative effect (increasing risk of all-cause pneumonia)
among PCV13 vaccinated subjects, which should be
closely surveilled in future years.
We note that this study has been made in a single
geographical region, Catalonia, with intermediate/high
PCV13 and PPsV23 uptakes in children and older
adults, respectively, [12, 13] and moderate incidence
of pneumococcal infections [28]. Logically, PCV13
impact/effectiveness may vary in other geographical
settings depending on multiple factors (such as susceptibility for pneumococcal infections among the
population, prevalence of distinct circulating serotypes, PPsV23 coverage, routine use of PCV13 in children, possible herd effects, etc).
We emphasize that our findings must be interpreted
with caution because PCV13 coverage was low, vaccination was not randomised and time follow-up was limited. Further investigations involving more vaccinated
person-years at-observation are needed to confirm or
reject these early results.

Appendix
Criteria used to identify comorbidities and underlying risk
conditions in the study population.

The following comorbidities and underlying risk conditions were established according to the presence of ICD10 codes [International Classification of Diseases, 10th
Revision] registered in the electronic primary medical
records of each cohort member at baseline:
 Chronic pulmonary/respiratory disease: it

included chronic bronchitis/emphysema (J41-J44),
asthma (J45-J46) and/or other chronic pulmonary
diseases (P27, E84, J47)
 Chronic heart disease: it included congestive heart
failure (I50), coronary artery disease (I20-I22, I25)
and/or other chronic heart diseases (I05-I08,
I11,I35-I37,I42, I51.7)
 Diabetes mellitus (E10-E14).
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 Chronic liver disease: it included chronic viral













hepatitis (B18), cirrhosis (K74) and/or alcoholic
hepatitis (K70))
Alcoholism (F10, G31.2, G62.1, G72.1, I42.6, K29.2,
K70)
Smoking (F17).
Anatomic or functional asplenia (D57, D73, Q89)
Primary immunodeficiency (D80-D84)
HIV infection (B20-B24)
Chronic renal disease: it included nephrotic
syndrome (N04, N39.1) and severe chronic renal
failure (N18-N19 with glomerular filtration rate ≤
30 ml/min)
Bone marrow transplantation (Z94)
Cancer: it included solid organ or haematological
neoplasia (C00 to C97) diagnosed within previous
5 years.
Immunosupresive therapy: it included long-term
immunosuppressive medication and/or radiotherapy
in the previous 12 months (coded according to
specific SIDIAP codes).

Abbreviations
ACIP: Advisory Committee on Immunization Practices; CAPITA: CommunityAcquired Pneumonia Immunization Trial in Adults; CDC: Centers for Disease
Control and Prevention; CI: Confidence interval; CMBD: Conjunto Minimo
Basico de Datos; EPIVAC: Effectiveness of Pneumococcal and Influenza
Vaccinations among Adults in Catalonia; ICD: International Classification of
Diseases; ICS: Institut Catala de la Salut; mHR: multivariable Hazard Ratio;
PCV13: 13-valent protein-polysaccharide conjugate vaccine; PHCCs: Primary
Health Care Centres; PPsV23: 23-valent pneumococcal polysaccharide
vaccine; RCT: randomized controlled trial; SD: Standard deviation;
SIDIAP: Information system for the development of research in primary care
of Catalonia
Acknowledgements
We would like to acknowledge Timothy Bowring for his help in the
production of this paper.
Funding
This work is supported, in part, by a grant from the “Fondo de Investigación
Sanitaria” (FIS) of the “Instituto de Salud Carlos III” (call 2015) for the “Acción
Estratégica en Salud 2013-2016 del Programa Estatal de Investigación Orientado a los Retos de la Sociedad”, framing in the “Plan Estatal de Investigación
Científica y Técnica y de Innovación 2013-2016”; code file PI15/01230, cofinanced by the European Union through the “Fondo Europeo de Desarrollo
Regional” (FEDER). The funders had no role in the study design, data collection, data analysis, data interpretation or write up of the manuscript.
Availability of data and materials
These data have been obtained from the Catalonian Health Institute Information
System for the Development of Research in Primary Care (SIDIAP). The datasets
used and/or analysed during the current study are available from the
corresponding author on reasonable request.
Authors’ contributions
AVC, OOG, CD and ES designed the study, assessed outcomes, wrote and edited
the paper; MA, XR, FGB, RM, EFM, MOP and FB obtained the data; AVR and OOG
did statistical analyses; AVC coordinated the study. All authors have read and
approved the final manuscript.
Ethics approval and consent to participate
The study was approved by the ethical committee of the Institution (ethic
committee IDIAP Jordi Gol P14/134) and was conducted in accordance with
the general principles for observational studies. Given this is a non-

Vila-Corcoles et al. BMC Infectious Diseases (2018) 18:196

interventional study, an informed consent for all 2,025,730 study participants
was formally waived by the ethics committee and was not required. Data
were anonymized and risk of identification was null.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Primary Care Service Camp de Tarragona, Institut Catala de la Salut,
Tarragona, Spain. 2Unitat de Suport a la Recerca of Tarragona, Institut
Universitari d’Investigació en Atenció Primària Jordi Gol (IDIAP Jordi Gol),
Tarragona, Spain. 3Information System for the Improvement of Research in
Primary Care (SIDIAP), Primary Care Research Institute Jordi Gol, Universitat
Autonoma de Barcelona, Barcelona, Spain. 4Primary Care Research Institute
Jordi Gol, Barcelona, Spain. 5Department of Laboratory and Microbiology,
Hospital Joan XXIII, Tarragona, Spain. 6Department of Pneumology, Hospital
Joan XXIII, Tarragona, Spain. 7Department of Otolaryngology, Hospital Joan
XXIII, Tarragona, Spain. 8Department of Laboratory and Microbiology,
Hospital Santa Tecla, Tarragona, Spain. 9Department of Laboratory and
Microbiology, Hospital de Tortosa Verge de la Cinta, Tortosa, Tarragona,
Spain. 10Department of Laboratory and Microbiology, Hospital Sant Joan de
Reus, Tarragona, Spain.
Received: 18 December 2017 Accepted: 16 April 2018

References
1. Drijkoningen JJ, Rohde GG. Pneumococcal infection in adults: burden of
disease. Clin Microbiol Infect. 2014;20(Suppl 5):45–51.
2. Jackson LA, Neuzil KM. Pneumococcal polysaccharide vaccines, Ch 24. In:
Vaccines. Plotkin SA, Orenstein WA, Offit PA (Eds.), 5th edn, Saunders
Elsevier, Philadelphia, PA, USA, 569–604 (2008).
3. Isturiz RE, Schmoele-Thoma B, Scott DA, Scott DA, Jodar L, Webber C, et al.
Pneumococcal conjugate vaccine use in adults. Expert Rev Vaccines. 2016;
15:279–93.
4. Centers for Disease Control and Prevention. Use of 13-valent pneumococcal
conjugate vaccine and 23-valent pneumococcal polysaccharide vaccine for
adults with immunocompromising conditions: recommendations of the
advisory committee on immunization practices (ACIP). MMWR Morb Mortal
Wkly Rep. 2012;61:816–9.
5. Centers for Disease Control and Prevention. Use of 13-valent pneumococcal
conjugate vaccine and 23-valent pneumococcal polysaccharide vaccine
among adults aged ≥65 years: recommendations of the advisory
committee on immunization practices (ACIP). MMWR Morb Mortal Wkly
Rep. 2014;63:822–5.
6. Jackson LA, Gurtman A, van Cleeff M, Jansen KU, Jayawardene D, Devlin C,
et al. Immunogenicity and safety of a 13-valent pneumococcal conjugate
vaccine compared to a 23-valent pneumococcal polysaccharide vaccine in
pneumococcal vaccine-naive adults. Vaccine. 2013;31:3577–84.
7. Jackson LA, Gurtman A, Rice K, Pauksens K, Greenberg RN, Jones TR, et al.
Immunogenicity and safety of a 13-valent pneumococcal conjugate vaccine
in adults 70 years of age and older previously vaccinated with 23-valent
pneumococcal polysaccharide vaccine. Vaccine. 2013;31:3585–93.
8. Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, et al.
Polysaccharide conjugate vaccine against pneumococcal pneumonia in
adults. N Engl J Med. 2015;372:1114–25.
9. Swartz AW. Vaccine against pneumococcal pneumonia in adults. N Engl J
Med. 2015;373:91–2.
10. Weinberger DM, Bruhn CA, Shapiro ED. Vaccine against pneumococcal
pneumonia in adults. N Engl J Med. 2015;373:92.
11. Musher DM, Rodriguez-Barradas MB. Why the recent ACIP
recommendations regarding conjugate pneumococcal vaccine in adults
may be irrelevant. Hum Vaccin Immunother. 2016;12:331–5.
12. Vila-Corcoles A, Ochoa-Gondar O, Hospital I, de Diego C, Satué E, Bladé J, et
al. Pneumococcal vaccination coverages among low-, intermediate-, and
high-risk adults in Catalonia. Hum Vaccin Immunother. 2016;12:2953–8.

Page 10 of 10

13. González R, Armadans L, Martínez X, Moraga F, Campins M. Pneumococcal
vaccination coverage in at-risk children in Catalonia. [in Spanish]. Enferm
Infecc Microbiol Clin. 2015;33:597–602.
14. Generalitat de Catalunya. Prevenció de la malaltia pneumocòccica en els
adults i en els infants a partir dels 5 anys a Catalunya. Programa de
vacunacions. Agència de Salut Pública de Catalunya. Gener de 2014.
Available at: http://canalsalut.gencat.cat/web/.content/home_canal_salut/
professionals/temes_de_salut/vacunacions/documents/arxius/prevencio_
neumo_catalunya_adults.pdf. Accessed 8 February 2017.
15. World Medical Association. WMA Declaration of Helsinki – Ethical Principles
for Medical Research Involving Human Subjects. Available at: https://www.
wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-formedical-research-involving-human-subjects/. Accessed 14 January 2017.
16. Information system for the development of research in primary care (SIDIAP
data base). Available at: http://www.sidiap.org/. Accessed 20 February 2017.
17. García-Gil MM, Hermosilla E, Prieto-Alhambra D, Fina F, Rosell M, Ramos R,
et al. Construction and validation of a scoring system for the selection of
high-quality data in a Spanish population primary care database (SIDIAP).
Inform Prim Care. 2011;19:135–45.
18. Ministerio de Sanidad, Servicios sociales e Igualdad. Portal estadístico.
Conjunto Mínimo Básico de Datos de Hospitalización (CMBD-H). Available
at: https://www.msssi.gob.es/estadEstudios/estadisticas/cmbdhome.htm.
Accessed 20 Jan 2017.
19. Hosmer DW, Lemeshow S. Applied Survival Analysis. Regression modeling
of time to event data. New York: John Wiley & Sons, 1999.
20. Hak E, Sanders EA, Verheij TJ, Verheij TJ, Bolkenbaas M, Huijts SM, et al.
Rationale and design of CAPITA: a RCT of 13-valent conjugated pneumococcal
vaccine efficacy among older adults. Neth J Med. 2008;66:378–83.
21. Càmara J, Marimón JM, Cercenado E, Larrosa N, Quesada MD, Fontanals D,
et al. Decrease of invasive pneumococcal disease (IPD) in adults after
introduction of pneumococcal 13-valent conjugate vaccine in Spain. PLoS
One. 2017;12:e0175224.
22. European Centre for Disease Prevention and Control. Vaccine Schedule.
Recommended immunisations for pneumococcal disease. Available at:
https://vaccine-schedule.ecdc.europa.eu/. Accessed 20 June 2017.
23. Cillóniz C, Amaro R, Torres A. Pneumococcal vaccination. Curr Opin Infect
Dis. 2016;29:187–96.
24. Moberley S, Holden J, Tatham DP, Andrews RM. Vaccines for preventing
pneumococcal infections in adults (review). Cochrane Database Syst Rev.
2013;1:CD000422.
25. Schiffner-Rohe J, Witt A, Hemmerling J, von Eiff C, Leverkus FW. Efficacy of
PPV23 in preventing pneumococcal pneumonia in adults at increased risk.
A systematic review and meta-analysis. PLoS One. 2016;11(1):e0146338.
26. Papadatou I, Spoulou V. Pneumococcal vaccination in high-risk individuals:
are we doing it right? Clin Vaccine Immunol. 2016;23(5):388–95.
27. Vila-Corcoles A, Ochoa-Gondar O. Preventing pneumococcal disease in the
elderly: recent advances in vaccines and implications for clinical practice.
Drugs Aging. 2013;30:263–76.
28. Ciruela P, Izquierdo C, Broner S, Hernández S, Muñoz-Almagro C, Pallarés R et
al. Sistema de notificació microbiològica de Catalunya. Epidemiologia de la
malaltia pneumocòccica invasiva a Catalunya. Informe 2012–2014. Available at:
http://canalsalut.gencat.cat/web/.content/home_canal_salut/professionals/
temes_de_salut/vigilancia_epidemiologica/documents/arxius/malaltia_
neumoccocia_invasiva_informe_2012_2014.pdf. Accessed 8 July 2017.

