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Abstract

Background Despite recognised benefits against vaccine-type pneumococcal infections, limited and inconsistent
evidence exists on the effectiveness of pneumococcal vaccination in preventing pneumococcal and all-cause
pneumonia in adults. This study investigated clinical effectiveness of the 13-valent pneumococcal conjugate vaccine
(PCV13) and the 23-valent pneumococcal polysaccharide vaccine (PPsV23) against hospitalised pneumococcal
pneumonia (PP) and/or all-cause pneumonia (ACP) among middle-aged and older adults before COVID-19 pandemic
started.

Methods Population-based cohort study involving 2,234,003 persons > 50 years old in Catalonia, Spain,

followed between 01/01/2019-31/12/2019. An Institutional Research database (SIDIAP-DB) was used to establish
baseline characteristics of cohort members (demographics, underlying-risk conditions, vaccinations history) and
hospitalisations from PP/ACP were captured by hospital discharge codes (ICD10: J12-J18) in 68 referral Catalonian
hospitals. Cox regression was used to evaluate the association between receipt of PCV13/PPsV23 and risk of PP/ACP.

Results Cohort members were followed for 2,194,200 person-years (23,494 PCV13-vaccinated and 783,465 PPsV23-
vaccinated), observing 2319 hospitalised PP cases (110 in PCV13-vaccinated, 1558 in PPsV23-vaccinated) and 12,848
hospitalised-ACP cases (542 in PCV13-vaccinated, 9097 in PPsV23-vaccinated). Receipt PCV13 was associated with

a greater risk of PP (multivariable-hazard ratio [MHR]: 1.83; 95%Cl: 1.49-2.24) and ACP (MHR: 1.55; 95%Cl: 1.42-1.70).
Receipt PPsV23was also associated with increased risk of PP (MHR: 1.21; 95%Cl: 1.10-1.36) and ACP (MHR: 1.24; 95%Cl:
1.18-1.31) in the overall study cohort. Vaccination did not significantly alter the risk of death from PP/ACP. In sensitive
analyses restricted to elderly (= 65 years old) and at-risk persons (immunocompromised, chronic respiratory/cardiac
disease), PCV13 and/or PPsV23 did not emerge effective either.

*Correspondence:
Cinta de Diego-Cabanes
mcdiego.tgn.ics@gencat.cat

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12879-025-11596-w
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-025-11596-w&domain=pdf&date_stamp=2025-10-3

de Diego-Cabanes et al. BMC Infectious Diseases (2025) 25:1369

Page 2 of 12

Conclusion This study did not find evidence of the clinical effectiveness of PPsV23/PCV13 vaccination in preventing
the outcomes measured at population-based level. At present, new extended-valency, PCVs (PCV15/PCV20/PCV21)
have been marketed for using in adults and, logically, vaccines' effectiveness must be re-evaluated in the coming

years.
Keywords Adults, Effectiveness, Pneumococcal conjugate vaccine, Pneumococcal polysaccharide vaccine,
Pneumonia

Brief summary vaccination programmes in adults remain unclear [14,

Limited and inconsistent evidence exists on the effective-
ness of PPSV23 and PCV13 in preventing pneumococcal
and all-cause pneumonia in adults. In this population-
based cohort study involving 2,234,003 Catalonian adults
followed between 01/01/2019-31/12/2019, pneumococ-
cal vaccination did not prove effective in preventing hos-
pitalisation or death from pneumococcal and/or all cause
pneumonia during the pre-COVID-19 year.

Background

Infections caused by Streptococcus pneumoniae, mainly
invasive pneumococcal disease (IPD) and pneumococcal
pneumonia (PP), remain a major public health problem
worldwide. All-cause pneumonia (ACP), due to pneumo-
coccus in many cases, is a global, regional and national
leading cause of morbidity and mortality, especially
among the elderly or those with risk conditions [1, 2].

During the past decades, various formulations of mul-
tivalent-serotype pneumococcal polysaccharide vaccines
(PPSV) and protein-polysaccharide conjugate vaccines
(PCVs) have been licensed for use in adults and chil-
dren. Considering adults, the classical PPsV23 has been
recommended to prevent IPD/PP among at-risk adults
and elderly people since the 1990s [3]. PCV13 (initially
marketed to replace PCV7 in children) was approved for
use in adults—particularly those at high risk—since the
2010s [4, 5].

During this time, several randomised-controlled tri-
als (RCTs) and observational studies have demonstrated
vaccines’ immunogenicity and clinical efficacy against
vaccine-type IPD (which is a severe but relatively uncom-
mon event) [6-8], but vaccination effectiveness and
impact to prevent pneumonia (much more frequent
event) among adults was uncertain (especially in adults
with immunocompromising conditions, chronic illness
and/or older age) [6, 9, 10].

Until now, pneumococcal vaccination using the clas-
sical PPsV23 in adults and, especially, PCV7/PCV13 in
children has provided clear benefits decreasing rates of
vaccine-type IPD in both children and adults (by direct
effects but also by indirect effects derived from PCVs’
childhood immunisation) [11-13]. However, at present,
when routine PCVs childhood immunisation is working
(and indirect effects are also probably occurring), clini-
cal benefits and cost-effectiveness of anti-pneumococcal

15]. In fact, CDC’s recommendations have changed
across this time [5, 16, 17] and new extended-valency
PCVs (PCV15/PCV20/PCV21) have been recently mar-
keted to replace PCV13 use [18].

In this context, many countries maintain pneumococ-
cal vaccination programmes using distinct vaccination
schedules in children and adults, although current rec-
ommendations for pneumococcal vaccination in at-risk
and older people are not homogeneous [18-20].

In Catalonia, a region in Northeastern Spain with
7.5 million inhabitants, the classical PPsV23 has been
recommended and publicly funded for adults aged 18—64
years with certain at-risk conditions and for all elderly
people (>65 years) since the 2000s. PCVs (firstly PCV7
and later PCV13) were introduced for infants immunisa-
tion since their licensure in 2001 and 2010, respectively,
being the PCV13 publicly funded for all infants <2 years
since 2016 [21]. In adults the PCV13 was publicly funded
for immunocompromised subjects only, although being
also prescribed (without public funding) by many clini-
cians for patients with other at-risk conditions (basically
chronic pulmonary or cardiac disease and diabetes mel-
litus) [21].

Vaccination effectiveness of both PPsV23/PCV13
among Catalonian adults was assessed by our research
team in a prior study conducted during 2017-2018 [22].
The present work is aimed to update information about
PPsV23/PCV13 effectiveness among middle-aged and
older adults before COVID-19 pandemic started. Con-
cretely, we assessed real world effectiveness in practice
for both PCV13/PPsV23 to prevent hospitalisation and
death from pneumonia (PP and ACP) among the gen-
eral population over 50 years throughout 01/01/2019-
31/12/2019. In addition, we also explored vaccination
effectiveness according to age strata, immunological sta-
tus and presence of major comorbidities.

Of note, pneumococcal vaccine recommendations cur-
rently are different from what they were in 2019 before
COVID-19. At present, the Advisory Committee on
Immunization Practices (ACIP) of Centers for Disease
Control and Prevention (CDC) recommends a single dose
of the new PCV15, PCV20 or better PCV21 (all of which
are not part of this study) [18]. In Catalonia, a single dose
of the new PCV20 has replaced both PCV13 and PPsV23
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in the current immunization schedule vaccinating adults
since 2022.

Methods

Design, setting and study population

This is a population-based retrospective cohort study
involving 2,234,003 Catalonian middle-aged and older
adults followed between 01/01/2019-31/12/2019. Cohort
members included all individuals aged 50 years or older
(born before January 1, 1969) who were affiliated with
any of the 274 Primary Care Centers (PCCs) managed
by the Catalonian Health Institute (ICS, Institut Catala
de la Salut) across Catalonia on January 1, 2019 (the start
date of this study). Characteristics of setting and study
population have been extensively described elsewhere
[23]. Cohort members were followed since the beginning
of the study (Jan 1, 2019) until the occurrence of a first
event (hospitalisation from PP or ACP), disenrollment
from the PCC, death, or until the end of the study (Dec
31, 2019). The study protocol was approved by the eth-
ics committee of the Institution (ethic committee of the
Institut d’Investigacio Atencié Primaria [IDIAP] Jordi
Gol, file P14/134; Institut Catala de la Salut; Barcelona).
The present study was carried out in full compliance with
the ethical principles established by the Declaration of
Helsinki [23], including its later amendments. Further-
more, the study followed the guidelines for good research
practices, specifically those concerning observational
studies.

Data sources

We used the Information System for the Development of
Research in Primary Care in Catalonia (SIDIAP data-
base) [24], which compiles administrative data and clini-
cal information from the ICS electronic medical records
of PCCs, to determine baseline characteristics (vacci-
nation history, comorbidities, and underlying risk con-
ditions) of cohort members at study start, as well as to
identify vaccinations, deaths, and/or disenrollment from
PCCs after the study began. Hospitalisations from pneu-
monia (PP and/or ACP) that occurred among cohort
members during the study period were identified using
the national hospital discharge surveillance system
(CMBD, Conjunto Minimo Bdsico de Datos), maintained
by the Spanish Ministry of Health and covering approxi-
mately 99.5% of the total Spanish population [25]. For
this report, we used CMBD hospital discharge codes (any
listed position), classified according to the International
Classification of Diseases, 10th Revision (ICD-10), and
reported from 68 Catalonian hospitals between January
1 and December 31, 2019. The methodology for linking
CMBD and SIDIAP databases prior to analysis has been
described elsewhere [26].
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Outcomes

Hospitalisations for PP were defined according to ICD-10
hospital discharges coded as J13, whereas hospitalisations
from ACP were defined for hospital discharges coded as
J12-J18. Death from pneumonia (case-fatality) was con-
sidered when the patient died (any cause) within hospital
stay. All participating Catalonian hospitals basically apply
similar diagnoses checklist and treatment for patients
with a clinical suspicion of pneumonia (which is estab-
lished on the basis of an acute respiratory illness, with
evidence of a new infiltrate in a chest radiograph), being
blood/sputum cultures and urinary antigen testing used
as conventional diagnostic workup performed accord-
ing to the attending physician [27]. Code J13 (equivalent
to code 481 in the ICD-9) was applied in patients with
x-ray confirmed pneumonia with S. pneumoniae isolated
in blood/sputum cultures or positive urinary antigen test.

Vaccination status

PCV13 and PPsV23 vaccination status were consid-
ered according to data recorded in the SIDIAP database
(which compiles data from the PCCs’ electronic clinical
records that contain specially designated fields for pneu-
mococcal and influenza vaccinations in each individual).
At study start, each cohort member was classified as
PPsV23 and/or PCV13 vaccinated if they had received
at least one dose of the vaccine before the study started.
Throughout the study period, PPsV23/PCV13 status was
a time-varying condition since some persons received
the vaccine after study started. If a vaccination was not
recorded, it was considered absent.

Covariables

Baseline covariables were age, sex, receipt of influenza
vaccine in preceding autumn, history of chronic respira-
tory disease, chronic heart disease, chronic liver disease,
diabetes mellitus, smoking, alcoholism and immunocom-
promising conditions (asplenia, immunodeficiency/HIV-
infection, severe chronic renal disease, bone marrow
transplantation, cancer [solid organ or haematological
neoplasia] and/or immunosuppressive medication (see
Appendix).

Data analyses

Statistical methods were previously described [22].
Briefly, we used Cox regression models for time-varying
covariables to estimate hazard ratios (HRs) and evalu-
ate the association between having received PCV13
or PPsV23 and the time of the first outcome during the
study period. The PCV13 and the PPsV23 vaccination
status were considered time-varying conditions (e.g.,
subjects vaccinated after the study started), whereas
the other covariables were considered at study start. All
above-mentioned covariables (i.e., age [continuous], sex,
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influenza vaccine status and presence of underlying risk
conditions), together with PCV13/PPsV23 status, were
considered for the calculation and adjustment of the
multivariable Cox models [28]. Besides the main analysis
involving the total study cohort, we performed supple-
mentary stratified analyses by age subgroups, high-risk
(immunocompromised) individuals and those with spe-
cific at-risk conditions (chronic respiratory disease, heart
disease and diabetes mellitus). All results were expressed
with 95% confidence intervals (Cls). Statistical signifi-
cance was set at p<0.05 (two-tailed). The analyses were
performed using IBM SPSS Statistics for Windows, ver-
sion 24 (IBM Corp., Armonk, N.Y., USA).

Results

The 2,234,003 cohort members were followed for a total
of 2,194,200 person-years, of which 783,466 person-
years were for PPsV23-vaccinated individuals and 23,494
person-years for PCV13-vaccinated individuals. Across
study period, 45,912 (2.06%) cohort members died, and
21,587 (0.97%) moved away or were lost to follow-up.
Considering the PPsV23 status, 796,389 cohort members
had received at least one dose of PPsV23 before study
started (contributing to the analyses with 772,312 per-
son-years as PPsV23-vaccinated) and 36,508 individuals
received PPsV23 later (contributing to the analyses with
25,075 person-years as PPsV23-unvaccinated and 11,153
person-years as PPsV23-vaccinated). Regarding PCV13
status, 22,645 cohort members had received at least one
dose of PCV13 before study started (contributing to the
analyses with 21,775 person-years as PCV13-vaccinated)
and 4316 individuals received PCV13 later (contributing
to the analyses with 2431 person-years as PCV13-unvac-
cinated and 1719 person-years as PCV13-vaccinated).
The vast majority (81.7%) of PCV13-vaccinated individu-
als had received both vaccines (PCV13 + PPSV23).

Baseline characteristics of the study cohort (mean age:
66 yrs [SD: 11.6]; 1,034,023 [46.3%] men and 1,199,980
[53.7%] women) according to PCV13/PPsV23 vaccina-
tion status at study start are shown in Table 1.

Across the study period, 2,319 hospitalised PP cases
(110 in PCV13-vaccinated, 1,558 in PPsV23-vaccinated)
and 12,848 ACP cases (542 in PCV13-vaccinated, 9,097
in PPsV23-vaccinated) were observed.

IRs (per 100,000 person-years) were 105.7 for PP (468.2
in PCV13-vaccinated vs. 198.9 in PPsV23-vaccinated)
and 585.5 for ACP (2,307.0 in PCV13-vaccinated vs.
1,161.1 in PPsV23-vaccinated).

Globally, the observed case-fatality rates (CFRs) were
7.2% (166/2,319) for PP and 9.4% (1,204/12,848) for ACP.
By vaccination status, CFRs for PP were 5.5% (6/110) in
PCV13-vaccinated individuals vs. 7.2% (160/2,209) in
PCV13-unvaccinated individuals (p=0.478), and 7.9%
(123/1,558) in PPsV23-vaccinated vs. 5.7% (43/761) in
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PPsV23-unvaccinated individuals (p<0.001). CFRs for
ACP were 10.7% (58/542) among PCV13-vaccinated
individuals vs. 9.3% (1,146/12,306) in PCV13-unvac-
cinated individuals (p=0.278), being 9.7% (882/9,097)
in PPsV23-vaccinated individuals vs. 8.6% (322/3751)
among PPsV23-unvaccinated individuals (p = 0.050).

Table 2 shows the absolute number of events (hospi-
talisations for PP/ACP and deaths from PP/ACP), as well
as the unadjusted and multivariable-adjusted analyses on
the risk of each event in relation to PCV13 and PPsV23
vaccination status in the total study cohort.

In the unadjusted analyses, both vaccines (especially
PCV13) were associated with a greater risk for all events
analysed, reflecting the baseline excess risk among vacci-
nated subjects.

After multivariable adjustment, a significant effective-
ness of vaccination did not emerge either. Indeed, receipt
PCV13 remained significantly associated with greater
risk of PP (HR: 1.83; 95% CIL: 1.49-2.24; p<0.001) and
ACP (HR: 1.55; 95% CI: 1.42-1.70; p<0.001). Receipt of
PPsV23 was also associated with a slightly increased risk
of both PP (HR: 1.21; 95% CI: 1.10-1.36; p=0.001) and
ACP (HR: 1.24; 95% CI: 1.18-1.31; p<0.001). Consider-
ing mortality, after multivariable adjustment, receipt
of PPsV23 did not significantly alter the risk of death
from PP (HR: 1.24; 95% CI: 0.53-2.91; p=0.625) or from
ACP (HR: 1.01; 95% CI: 0.86—1.18; p =0.946). Receipt of
PCV13 did not significantly alter the risk of death from
PP (HR: 0.98; 95% CI: 0.64—1.49; p=0.928) but was asso-
ciated with a greater risk of death from ACP (HR: 1.91;
95% CI: 1.45-2.52; p<0.001) (Table 2).

In separate analyses focusing on population subgroups
for whom vaccination is strongly recommended -such as
elderly people (i.e., aged > 65 years), high-risk individuals
(immunocompromised), and at-risk subgroups (chronic
respiratory disease, chronic heart disease and/or dia-
betes mellitus), benefits from PCV13 or PPsV23 did not
emerge either (Table 3).

Discussion

At present, more than 30 years after PPsV23 licensure
and 10 years after PCV13 approval for adults, the clini-
cal and public health benefits of using both vaccines to
prevent pneumonia in at-risk and older adult popula-
tions remain uncertain [6, 9, 10, 14]. As main finding in
this real-world data study, pneumococcal vaccination
did not prove effective (neither PPsV23 nor PCV13) in
preventing hospitalised pneumococcal pneumonia (PP),
all-cause pneumonia (ACP) or death from PP/ACP in
the overall study cohort. Stratified analyses focusing on
elderly individuals, immunocompromised subjects and
at-risk population subgroups did not reveal protective
effects of vaccination either at population level.
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Table 1 Baseline characteristics of cohort members (N=2,234,003) according to their PCV13 and PPsV23 vaccination status before the

study started (31/12/2018)

PCV13 status?® PPsV23 status®
Vaccinated N=22,645n  Unvaccinated VaccinateD N=796,389 Unvac-
(%) N=2,211,358n (%) n (%) cinated
N=1,437,614
n (%)
Age, 50-64 years 7508 (33.2) 1,128,965 (51.1) 73,203 (9.2) 1,063,270
(74.0)
65-79 years 10,088 (44.5) 734,514 (33.2) 441,655 (55.5) 302,947 (21.1)
2 80 years 5049 (22.3) 347,879 (15.7) 281,531 (35.4) 71,397 (5.0)
Sex, men 12,138 (53.6) 1,021,885 (46.2) 353,454 (44.4) 680,569 (47.3)
Women 10,507 (46.4) 1,189,473 (53.8) 442,935 (55.6) 757,045 (52.7)
Vaccination history 18,501 (81.7) 777888 (35.2) - -
PPsV23 (at any time) - - 18,501 (2.3) 4144 (0.3)
PCV13 (in previous 5 yrs) 15,960 (70.5) 621,726 (28.1) 519,134 (65.2) 118,552 (8.2)
Flu vaccine (in prior autumn)
Chronic respiratory disease 6998 (30.9) 240.736 (10.9) 152,623 (19.2) 95,111 (6.6)
Chronic heart disease 5867 (25.9) 269,388 (12.2) 184,976 (23.2) 90,279 (6.3)
Diabetes mellitus 6407 (28.3) 371,891 (16.8) 245,483 (30.8) 132,815 (9.2)
Chronic liver disease 1623 (7.2) 45,320 (2.0) 20,011 (2.5) 26,932 (2.9)
Chronic renal disease 2300 (10.2) 27,739 (1.3) 21,211 (2.7) 8828 (0.6)
Alcoholism 808 (3.6) 67 (2.9) 21,349 (2.7) 44,626 (3.1)
Current smoking 2911 (12.9) 382,605 (17.3) 68,608 (8.6) 316,908 (22.0)
Asplenia 141 (0.6) 323 (<0.1) 245 (<0.1) 219(<0.1)
Primary immunodeficiency 236 (1.0) 821(<0.1) 616 (0.1) 441 (<0.1)
HIV infection 1341 (5.9) 3347(0.2) 2420(0.3) 2268 (0.2)
Haematological neoplasia 1143 (5.0) 4346 (0.2) 3024 (0.4) 2465 (0.2)
Solid neoplasia 2408 (10.6) 113,298 (5.1) 61,814 (7.8) 53,892 (3.7)
Immunosupresive treatment 3029 (13.4) 40,612 (1.8) 28,062 (3.5) 15,579 (1.1)
Immunocompromise® 8697 (38.4) 180,259 (8.2) 109,066 (13.7) 79,890 (5.6)

Note: PCV13, 13 valent pneumococcal conjugate vaccine; PPsV23, 23 valent pneumococcal polysaccharide vaccine

2Comparing PCV13 vaccinated vs. unvaccinated, p-values (chi-squared test) were always statistically significant at p <0.001, except for alcoholism (p=0.142)

bComparing PPsV23 vaccinated vs. unvaccinated, p-values (chi-squared test) were always statistically significant at p<0.001

‘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

In this study, crude IRs for both PP/ACP events were
largely greater among vaccinated than in unvaccinated
individuals, reflecting the baseline excess risk of vacci-
nated subjects who were older and had more comorbidi-
ties than unvaccinated individuals (particularly among
PCV13-vaccinated). We performed multivariable adjust-
ments to account for these baseline differences between
vaccinated and unvaccinated groups but, despite major
underlying risk condition’s adjustments, both PPsV23/
PCV13 remained significantly associated with a greater
risk of PP and ACP, both in the total study cohort as well
as in age and at-risk stratified population subgroups. We
note that no adjustment method fully resolves possible
confounding by indication in observational studies and,
consequently, a residual confounding in the final HRs
estimations cannot be completely excluded [29]. Indeed,
the most simplistic explanation for our negative findings
would be that the baseline excess risk of vaccinated sub-
jects (especially in the case of PCV13-vaccinated) was

not entirely corrected in the final vaccines’ effectiveness
estimation, despite multivariable adjustments. Neverthe-
less, our data raise serious concerns about effectiveness
and public health impact of the adult antipneumococ-
cal vaccination program in Catalonian at the time of the
study.

Over the past decade, PPsV23 and PCV13 have been
recommended for at/high-risk adults and elderly people
in many settings [3-5, 16—-21]. However, several studies
and meta-analyses have reported heterogeneous and not
always favorable results [6, 8—10, 14, 22]. Indeed, apart
from a demonstrated protective effect of vaccination
against vaccine-type IPD/PP [6-10], results are less clear
and heterogeneous regarding all pneumonia outcome [6,
14].

The last published Cochrane review found strong evi-
dence of PPsV23 efficacy against IPD (VE: 74%; 95% CI:
55-86%), with estimated VE of 52% (95% CI: 39-63%)
according to non-RCTs. This Cochrane review did not
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Table 2 Incidence and risk of hospitalisation and death from Pneumococcal and all-cause pneumonia in relation to PCV13 and

PPsV23 vaccination status in the total study population between 01/01/2019-31/12/2019

(N=2,234,003)

Parameter Hospitalization from pneumonia Death from pneumonia
Pneumococcal All-cause Pneumococcal All-cause

Number of events:

All people 2319 12,848 166 1204

PCV13 vaccinated 110 542 6 58

PCV13 unvaccinated 2209 12,306 160 1146

PPsV23 vaccinated 1558 9097 123 882

PPsV23 unvaccinated 761 3751 43 322
Overall IR(95% Cl) 105.7(99.3-112.5) 585.5(549.8-623.0) 7.6(6.5-8.9) 54.9(51.6-584)

PCV13-vaccinated IR(95% Cl)
PCV13-unvaccinated IR(95% Cl)
PPsV23-vaccinated IR(95% Cl)
PPsV23-unvaccinated IR(95% Cl)

Unadjusted HR
For PCV13
(95% Cl)
p value
For PPsV23
(95% Cl)
p value
Age and sex-adjusted HR
For PCV13
(95% Cl)
p value
For PPsV23
(95% Cl)
p value
Multivariable-adjusted HR
For PCV13
(95% Cl)
p value
For PPsV23
(95% Cl)
p value

(
468.2(390.0-561.8) 2307.0(2110.9-2521.6) 25.5(9.4-55.6) 246.9(190.1-321.0)
101.8(95.6-108.3) 566.9(532.3-566.4) 74(6.3-8.7) 52.8(49.6-56.2)
198.9(186.8-211.6) 1161.1(1090.3-1235.4) 15.7(13.1-18.8) 112.6(105.4-120.3)
539 265.9 30 22.8
(50.2-57.8) (249.7-282.9) (2.2-4.0) (20.3-25.6)
4.63 4.09 348 4.70
(3.82-5.61) (3.75-4.46) (1.54-7.87) (3.61-6.12)
<0.001 <0.001 0.003 <0.001
3.68 4.36 5.14 493
(3.38-4.02) (4.20-4.53) (3.63-7.28) (4.34-5.60)
<0.001 <0.001 <0.001 <0.001
3.18 2.71 2.39 3.23
(2.62-3.86) (2.49-2.97) (1.06-5.43) (247-4.23)
<0.001 <0.001 0.037 <0.001
1.62 1.72 1.27 1.27
(1.46-1.80) (1.65-1.80) (0.87-1.85) (1.10-1.46)
<0.001 <0.001 0.213 0.001
1.83 1.55 0.98 1.91
(1.49-2.24) (1.42-1.70) (0.64-1.49) (1.45-2.52)
<0.001 <0.001 0.928 <0.001
1.21 124 1.24 1.01
(1.10-1.36) (1.18-1.31) (0.53-2.91) (0.86-1.18)
0.001 <0.001 0.625 0.946

Note: IR Unadjusted incidence rate per 100,000 person-years. C/ Confidence interval. PCV13 13-valent pneumococcal conjugate vaccine. PPsV23 23-valent

pneumococcal polysaccharide vaccine

HRs (hazard ratios) are for vaccinated subjects as compared with unvaccinated subjects and were adjusted, where appropriate, for age (continuous years), sex,
influenza vaccination in preceding autumn, presence of chronic respiratory disease, chronic heart disease, diabetes, chronic liver disease, alcoholism, current

smoking, asplenia, immunodeficiency, HIV infection, chronic renal disease, cancer,immunosuppressive therapy and receipt PCV13-PPsV23 at any time

find significant efficacy against all-cause pneumonia in
high-income countries, either in the general population
(VE: 29%; 95% CI: —12—-55%) or in adults with chronic ill-
ness (VE: 7%; 95% CI: —19-27%) [6]. In the most recent
meta-analysis on this concern, Farrar et al. concluded
that available data suggested that both PPsV23 and
PCV13 protect against vaccine-type IPD and vaccine-
type PP, though heterogeneity across studies was wide
[30]. Regarding all-cause pneumonia, some studies report
modest benefits in reducing pneumonia-related hospi-
talisations [31], while others question the current clinical
impact of these vaccines following widespread childhood
immunisation [22]. Cost-effectiveness vaccinating adults

with PPsV23 and/or PCV13 remains uncertain, depend-
ing on assumptions chosen (i.e., distinct levels of vac-
cines’ coverage in children and adults, possibility of
future serotype replacement after PCVs implementation,
hypothetical level of vaccination effectiveness extrapolat-
ing by vaccines’ efficacy, etc.) [15]. In this context, there is
growing interest in newer-generation conjugate vaccines
(PCV20/PCV21) due to their broader serotype coverage
and potential immunological advantages [32].

In Catalonia, despite widespread pneumococcal vac-
cines’ recommendations in children and adults [21],
disease incidence and associated burden remains high
[33, 34]. At present, the interpretation of adult vaccines’
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effectiveness is increasingly complex due to indirect
effects from paediatric vaccination and serotype replace-
ment [35]. Indeed, the indirect effects of childhood vac-
cination have been pointed as key to understanding the
reduced effectiveness of PCV13 and PPsV23 in adults
today [36, 37].

From a public health point of view, recognizing a dem-
onstrated protective effect of PPsV23/PCV13 against
vaccine-type IPD (which is a relatively infrequent event
that is not evaluated in the present study, our real-world
data alerts about the possibility of a non significant pro-
tective effect to reduce hospitalisations from PP/ACP in
the adult population at the time of the study. Of note,
according to most meta-analyses, PPsV23 vaccination
effectiveness against pneumonia has never clearly been
demonstrated in older adults, immunocompromised sub-
jects and persons with chronic illnesses [6, 8—10, 14].

We underline the importance of RCT data assessing
vaccine’s efficacy, but also note the absence of relevant
RCT data (i.e., clinical effectiveness, not simply immu-
nogenicity data) during the last ten years in relation
with pneumococcal vaccines in adults [16—18]. Indeed,
since the CAPITA RCT (that evaluated PCV13 vs. pla-
cebo among elderly people in the Netherlands across
2008-2012) [7], no RCT has been published evaluating
clinical efficacy/effectiveness of pneumococcal vaccines
in adults. Thus, considering documented changes in
pneumococcal disease epidemiology across this time [13,
37, 38], large cohort studies conducted in the real-world
practice conditions (as the present study) are necessary
to inform about clinical effectiveness and real impact of
current antipneumococcal vaccination programmes in
adults [39].

Major strengths in this study are the large size and rep-
resentativity of the studied cohort (which included more
than two million people over 50 years (almost a 75% of
the overall Catalonian inhabitants in this age stratum)
[40] and the use of survival analysis methods to estimate
the association between PPsV23/PCV13 vaccination and
the risk of clinically important and public health rel-
evant outcomes such as hospitalisation and death from
PP/ACP. While it is not a RCT, the largest sample size
together with the adjustment of major potential con-
founder variables (e.g., age, influenza vaccine status and
presence of main comorbidities/risk conditions) in the
multivariable analyses, may provide an acceptable basis
to estimate PCV13/PPsV23 effectiveness in Catalonian
adults during the preceding year before COVID-19 pan-
demic started and new PCVs were licensed. Of note, a
key gap in the literature is the absence of studies assess-
ing PPsV23 and PCV13 vaccine effectiveness in the same
adult population [41].

The main limitations in this study are related to its
observational nature (i.e., non-randomised vaccination),

Diabetes
(0.73-1.29)
0.843

Chronic heart
diseases(N=247,734) diseases(N=275,255) Mellitus(N=378,298)

(0.89-1.56)
0.262

Baseline conditions
Chronic respiratory

(0.69-1.26)
<0.001

ImmunocompetentsN=2,045,047

(0.82-1.20)
0914

Immunological situation
ImmunocompromisedN=188,956

(0.72-1.24)
0677

65

(0.85-1.18)

0.996

>
yearsN=1,136,476 yearsN=1,097,530

Age group
50-64
(0.66-1.89)
0.688

of chronic respiratory disease, chronic heart disease, diabetes, chronic liver disease, alcoholism, current smoking, asplenia, immunodeficiency, HIV infection, chronic renal disease, cancer,immunosuppressive therapy and

NOTE: HRs (hazard ratios) are for vaccinated subjects as compared with unvaccinated subjects and were adjusted, where appropriate, for age (continuous years), sex, influenza vaccination in preceding autumn, presence
receipt PCV13-PPsV23

Table 3 (continued)

(95%
@)

p
value
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scarce PCV13 coverage, and the absence of serotype data
(which is not reflected in the Spanish hospital discharge
system). Despite the enormous cohort size, the study was
largely underpowered to accurately assess PCV13 effec-
tiveness due to its very low vaccine coverage (approxi-
mately 1%) in the studied cohort.

We also underline potential limitations inherently
related to the use of secondary data sources in this
research (records in SIDIAP and CMBD databases) and
note that we do not know how much influence the use
of these secondary data in the negative results observed
in the present study. The ICD hospital discharge codes to
identify pneumonia cases, despite recognized limitations
[42], have been commonly used in many epidemiological
studies on this concern [2]. All-cause pneumonia out-
come could conduct to misclassification in some cases,
but we also note that it has been considered an accept-
able outcome in most meta-analyses published evaluat-
ing pneumococcal vaccines’ effectiveness [6, 8—10, 14].
This study is not exempt from possible misclassification
bias related to criteria used to define vaccination status.
We underline that we used a feasible/operational crite-
ria based on the reception of at least one dose of PPsV23
at any time or a dose of PCV13 (always within the last
five years) to classify a person as PPsV23 or PCV13 vac-
cinated. However, we note that this could not adequately
reflect a complete immunisation schedule in some indi-
viduals (depending on age, risk factors and time elapsed
since prime dose).

This study was unable to assess vaccine-type IPD/PP
(which would be the most specific outcome evaluating
vaccine efficacy) due to the lack of serotype data. Nev-
ertheless, it is largely able to provide uncommon popu-
lation-based incidence data and evaluate other clinically
important outcomes such as hospitalisation and death
from all-type pneumococcal and all-cause pneumo-
nia, which are especially relevant since a public health
point of view. Our data will be also important to estab-
lish future comparisons with population-based incidence
data for hospitalised PP/ACP that are occurring today
(where new PCVs have been introduced and are working)
[32]. In 2019, the most prevalent invasive pneumococcal
serotypes among adults in Catalonia were 8, 3 and 12 F,
partially covered by existing vaccines: The PCV13 cov-
ered 30.2% of identified serotypes in 20—64-year-olds and
26.5% in =65-years, while PCV20 coverage was 79.6%
and 64.8%, respectively [34]. Although these data refer to
invasive pneumococcal disease (IPD), they provide a use-
ful snapshot of circulating serotypes in Catalonian adults
at the time of the study [34]. We underline that this study
was conducted in a single geographical region (Catalonia)
with a relatively low incidence of pneumococcal infec-
tions (11 IPD cases per 100,000 inhabitants/year dur-
ing 2017-2018) [43] and, logically, vaccine effectiveness
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may vary in other settings with other epidemiological
circumstances.

Conclusion

In conclusion, neither PPsV23 nor PCV13 were asso-
ciated with a reduced risk of hospitalisation or death
from all-type pneumococcal or all-cause pneumonia
in this large, population-based cohort of adults over 50
years in Catalonia during 2019 (prior to the COVID-19
pandemic). Nevertheless caution is needed before inter-
preting and generalising the results, due to the inherent
limitations of the observational and non-randomised
design of this study.

At present, new extended-valent PCVs (PCV15/
PCV20/PCV21) have been marketed for using in adults
and, logically, vaccines’ effectiveness must be re-evalu-
ated in the coming years.
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