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ABSTRACT

Background: Pneumococcal vaccination now includes PCV10, PCV13, PCV15, PCV20, PPSV23 sequencing, adult strategies, and
renewed interest in protein-based or serotype-agnostic vaccines. Conventional bibliometric analyses rarely capture study design, outcomes,
or evidence gaps. We therefore mapped full-text articles to characterise the thematic and evidential structure of the accessible literature.

Methods: We conducted a non-probability full-text evidence map of obtainable pneumococcal vaccine articles. Bibliographic characteristics,
design, population, vaccine platform, outcomes, findings, limitations, geography, and 13 prespecified themes were extracted and source-
verified. Theme presence was coded in a 40 X 13 binary matrix to estimate frequencies and co-occurrence. Descriptive analyses were
supplemented by appraisal of evidence type and consistency and a gap analysis based on unresolved questions identified in the articles.
Publicly verifiable venue metrics were recorded. Because inclusion depended on full-text availability rather than systematic database
searching, findings apply only to the mapped corpus.

Results: Forty articles published during 2015-2026 were included, with peaks in 2024 (n = 9) and 2025 (n = 8), across 25 venues. Designs
comprised narrative/scoping reviews (n = 13), modelling/economic evaluations (n = 9), observational surveillance/effectiveness studies (n =
7), systematic reviews with (n = 5) or without meta-analysis (n = 4), one immunogenicity/safety trial, and one other/unclear article. Leading
themes were higher-valency PCVs (n = 36), pediatric vaccination (n = 35), effectiveness/impact (n = 32), serotype replacement/carriage and
adult vaccination (each n = 22), immunogenicity/safety (n = 15), global health/LMICs (n = 14), economics/policy (n = 13), and high-risk
populations (n = 12). PCV13 was mentioned most often (n = 37), followed by PCV7 (n = 30), PCV10 (n = 25), PCV20 (n = 24), PCV15
(n=23), PPSV23/PPV23 (n = 19), and protein-based/whole-cell approaches (n = 8). Higher-valency PCVs were prominent but supported
mainly by modelled or synthesised evidence; no included primary study directly compared PCV15 with PCV20 clinical effectiveness.

Conclusions: The corpus centred on higher-valency conjugate vaccines, life-course/adult vaccination, economics, and residual serotype
disease. Key gaps were the absence of primary PCV15-versus-PCV20 comparative effectiveness data, contemporaneous adult carriage
evidence, adequate representation of high-burden LMICs, harmonised serotype and outcome definitions in modelling studies, and empirical
post-PCV20 replacement data. Protein-based approaches formed a smaller cluster linked mainly to serotype replacement and antimicrobial
resistance. These findings describe only the accessible corpus, and venue metrics indicate dissemination context rather than article quality.
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INTRODUCTION

Streptococcus pneumoniae remains a major cause of
invasive pneumococcal disease, pneumonia, meningitis,
bacteremia, otitis media, and mortality across the life course.
The vaccine field has undergone repeated transitions: early
use of polysaccharide vaccines in adults, introduction
of pediatric conjugate vaccines, expansion from PCV7
to PCV10 and PCV13, renewed adult recommendations
combining conjugate and polysaccharide strategies, and
recent development of higher-valency or adult-specific
conjugate vaccines. The current literature also addresses

limitations of serotype-specific vaccine design, including
serotype replacement, residual disease caused by non-
vaccine serotypes, antimicrobial resistance, and the need for
broader or serotype-agnostic vaccine approaches (1-6).

The epidemiologic and policy consequences of pediatric
PCV programs are especially complex. Observational
studies have documented large reductions in vaccine-type
disease and carriage after PCV introduction, while also
showing replacement by non-vaccine serotypes in carriage
or invasive disease (1,5,7). This replacement problem has
influenced both vaccine development and public-health
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modelling. For example, studies in high-income settings and
multi-country European surveillance demonstrate that gains
from increasing valency may be moderated by divergent
serotype ecology and evolving non-vaccine serotype burdens
(4,5). At the same time, global modelling suggests that PCV
implementation can prevent substantial child mortality and
disease episodes, particularly in lower-resource settings,
supporting continued emphasis on access, affordability, and
locally adapted vaccine choice (8).

The last several years have brought a distinct acceleration

in

literature on PCV15, PCV20, PCV21/V1le,
investigational

and

higher-valency  products.  Economic

evaluations have assessed the value of pediatric PCV20
versus PCV15 or PCV13 in the United States, Sweden,
and Germany, while adult-focused work has examined

revaccination,

improved coverage, and V116/PCV21

immunogenicity in older adults (9-13). Systematic reviews
and narrative reviews have also synthesized the role of
PCV15, PCV20, PCV10/PCV13 effects on serotype 6C,
adult indirect protection from pediatric programs, and
emerging technologies such as protein-based vaccines (14-

18).

A conventional bibliometric study of pneumococcal vaccines
would typically rely on Scopus, Web of Science, PubMed,
or Dimensions records, and would focus on citation counts,
author networks, institutions, and keyword co-occurrence.
The present work has a different objective and a different
unit of analysis. Study design, vaccine platform, population,
outcome definitions, and stated limitations are frequently
absent or ambiguous in bibliographic metadata, and in
this field the distinctions that matter most (PCV15 versus
PCV?20, invasive versus non-invasive endpoints, measured
versus modelled effect, direct versus indirect protection) are
precisely the ones that metadata obscures. The analysis was
therefore restricted to articles whose complete text could be
obtained and read. This restriction buys content fidelity at
the explicit cost of representativeness, and the interpretation
of every result reported below is constrained accordingly

Operational definition: In this article, a “full-text evidence
map” denotes a structured thematic and methodological
synthesis in which the unit of analysis is the complete
accessible article rather than a database record. It shares
the descriptive intent of bibliometrics and the content-level
coding of a scoping review, but it does not estimate the
global publication universe, does not use citation-based
indicators, and does not meet the retrieval requirements of
either a bibliometric census or a PRISMA-ScR-compliant
scoping review. It is therefore reported throughout as a
non-probability evidence map of a defined corpus.

The objectives of this study were fourfold: to characterise

Table 1. Eligibility criteria and the operational rules applied.

Pneumococcal Vaccines

the design, platform, geographic and thematic structure
of pneumococcal vaccine research as represented in an
obtainable full-text corpus published between 2015 and
2026; to examine how themes co-occur within individual
articles; to appraise, at corpus level, where evidence is
concentrated and where it is thin, conditional, or internally
inconsistent; and to identify the research gaps that follow
from that appraisal. Estimating the global volume, citation
impact, or authorship structure of the field was explicitly
outside the scope of this design.

METHODS

Study design

This was a document-level, full-text evidence map of
pneumococcal vaccinearticles. Thecorpusconsistedofarticles
for which the complete text could be obtained and converted
to machine-readable form. The analysis was conducted at the
article level. All included documents were full-text articles
whose content directly addressed pneumococcal vaccines,
pneumococcal conjugate vaccines, PPSV23/PPV23, higher-
valency vaccines, protein-based vaccine development,
vaccine  effectiveness,  immunogenicity, = modelling,
economic evaluation, serotype replacement, carriage, adult
vaccination, pediatric vaccination, or vaccine policy. The
corpus was not assembled by a systematic bibliographic
search and no attempt was made to approximate one. This
is a defining feature of the design rather than an incidental
shortcoming, and it is carried through to the interpretation of
every result reported below.

Eligibility criteria

Articles were eligible if the full text was usable and the
document addressed pneumococcal vaccine development,
implementation, effectiveness, immunogenicity, safety,
economic value, population impact, serotype ecology,
schedule, adult or pediatric policy, high-risk populations,
global health, antimicrobial resistance, or future vaccine
design. The eligible full-text corpus contained articles
published between 2015 and 2026, and the temporal scope of
the map is defined as 2015-2026 rather than as a post-2000
horizon (Tablo 1). No claim is made about pneumococcal
vaccine literature published before 2015, including the
PCV7 licensure and early post-implementation period, which
appears in this article only as historical background reported
within the included articles themselves. No document was
excluded after text extraction, because all 40 unique full-text
articles were usable and directly relevant.

Data extraction

For each article, the following fields were extracted: source
document, eligibility, title, authors, publication year,
journal, DOI, country or region, study design, population,
vaccine platforms, outcomes, key findings, limitations,

Criterion

Operational rule applied

Document availability

Complete PDF had to be available and convertible to text.

Topic relevance

Pneumococcal vaccine-related content had to be central rather than incidental.

Time period

The temporal scope of the map is 2015-2026, defined by the eligible full-text corpus.

Data source

Only data extracted from accessible full PDFs were used.

Analysis type

Descriptive structural and thematic mapping of full-text content, followed by trajectory-
level appraisal and gap identification.
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keywords, themes, evidence period, full-text usability,
and an extraction-confidence rating. Study designs were
standardised into seven classes: narrative/scoping review,
modelling/economic evaluation, observational surveillance/
effectiveness, systematic review with meta-analysis,
systematic review without meta-analysis, clinical trial/
immunogenicity study, and other or unclear.

The thematic framework was prespecified to capture
recurring  developments in  pneumococcal  vaccine
research. Themes were: serotype replacement or carriage;
effectiveness or impact; immunogenicity or safety; high-
risk populations; economic evaluation or policy; higher-
valency PCVs; protein or universal vaccines; indirect or herd
protection; antimicrobial resistance or genomics; schedule
optimization; adult vaccination; pediatric vaccination; and
global health or low- and middle-income countries. All
thirteen themes were coded explicitly as present or absent
for every included article, rather than being recorded only
when judged salient, so that theme frequencies and the co-
occurrence matrix derive from a complete 40 x 13 binary
matrix with no missing cells. A theme was coded present
only when the article reported data, a model, or an explicit
argument on that topic; incidental mention in an introduction
or discussion was not sufficient. The full matrix is provided
in the supplementary data so that every count reported below
can be recomputed.

Coding procedure and quality control

First-pass full-text conversion and field extraction were
software-assisted. All extracted fields were subsequently
verified by a single human analyst against the corresponding
position in the source article, and every theme assignment
was re-derived by that analyst from the article text;
discrepancies between the first-pass value and the verified
value were resolved by re-reading the relevant section of
the article. Extraction confidence was recorded for each
article as high, moderate, or low, and articles rated low
were re-extracted in full. Because verification was carried
out by one analyst rather than by two independent coders,
no inter-rater reliability statistic — Cohen’s k, percentage
agreement, or an equivalent — could be computed, and none
is reported. This is a substantive limitation of the coding
procedure and is stated as such in Section (5). Conversion
quality was checked by confirming, for every article, that
the abstract, the methods section and the reference list were
fully recoverable from the extracted text; tables and figures
embedded as images were read from the rendered article
rather than from the extracted text stream.

Descriptive and thematic analysis

Analyses were descriptive throughout. Counts and cross-
tabulations summarised annual publication numbers, journal
distribution, study-design distribution, vaccine-platform
mentions, geographic scope, and theme frequencies. Thematic
composition over time was displayed by cross-tabulating
prespecified themes against publication year. Theme co-
occurrence was calculated at article level: two themes were
treated as co-occurring when both were coded present for
the same article. The resulting network was visualised with
node size proportional to theme frequency and edge width
proportional to co-occurrence count. No inferential statistics,

Pneumococcal Vaccines

significance tests, or model-based trend estimates were
computed. With 40 articles the year-by-theme cells are small
and any such estimate would be unstable; annual and thematic
differences are therefore reported as counts and are nowhere
described as statistically significant or as established trends.
The robustness of the leading thematic ranks was examined
by a leave-one-out check of the theme-frequency table: no
single article changed the identity of the three most frequent
themes, but the two leading themes are separated by a single
article and their rank order is not robust.

Because the corpus was not obtained through a systematic
database search, citation-based metrics such as global
citation counts, h-index, author co-citation, and institutional
collaboration networks were not treated as valid outcomes
and were not computed. This decision was intentional
and conservative: such indicators are defined relative to a
complete retrieval frame, and computing them on a corpus
assembled by full-text availability would yield numbers
that resemble bibliometric results without possessing their
properties. A secondary consideration is that most of the
corpus was published from 2022 onward and has had little
time to accrue citations, so citation counts would in any
case be dominated by publication recency rather than by
influence. The consequence is that this article cannot address
questions about research volume, influence, or collaboration
structure, and does not attempt to.

Venue-level metric enrichment

Venue-level metric enrichment was performed after
completion of the full-text extraction. For each included
article, the publishing journal was standardised and linked to
publicly verifiable Web of Science/Journal Citation Reports
metrics when available, including Journal Impact Factor
and JCR category/quartile, and to Scopus/SCImago metrics
when available, including CiteScore, SJR and SCImago
quartile. Values were recorded with their source URLs and
confidence notes, because some official JCR and Scopus data
require institutional subscription access. Preprint servers
were retained in the map but classified separately, as they
carry no conventional journal metrics. These descriptors
answer the question of where this literature is published.
They carry no information about the internal validity, risk of
bias, or clinical relevance of any individual article, and they
are not used anywhere in this article to support a claim about
evidence quality.

Evidence appraisal and gap identification

Two coding layers were applied beyond descriptive
mapping. First, for each of the five development trajectories
reported in Section 3.8, the contributing articles were
examined for the type of evidence they supply (primary
measurement, formal synthesis, model-based projection, or
narrative argument), for agreement or disagreement in the
direction of their principal findings, and for methodological
limitations recurring across articles. Trajectories whose
conclusions rested predominantly on modelled or narrative
outputs, or in which contributing articles disagreed, were
recorded as areas of weaker corpus-level evidence. Second,
gaps were identified by comparing the thematic and
geographic distribution of the corpus with the questions that
the included articles themselves nominated as unresolved in
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their limitations and future-research sections. This anchors
the gap analysis in the corpus rather than in the authors’ prior
expectations, but it can surface only those gaps that at least
one included article recognised; gaps invisible to the entire
corpus remain invisible here.

Reproducibility

All extracted data, cleaned tables, venue-metric tables,
figures, and analysis code are provided with this submission
and are available from the corresponding author. The primary
data file is the cleaned extraction table, which contains
the complete 40 x 13 theme matrix and the per-article
extraction-confidence ratings, so that every count reported
in the relevant section can be recomputed independently.
The accompanying workbook, the article-level venue-metric
file, and the analysis scripts are listed under Supplementary
materials.

STATISTICAL ANALYSIS

All analyses were descriptive, in keeping with a non-
probability full-text evidence map. Theme presence was
recorded in a complete 40 x 13 binary matrix (article x
prespecified theme) with no missing cells, and this matrix
served as the basis for all reported counts. Categorical
variables (study design, vaccine platform, journal venue,
geographic scope, and publication year) were summarised as
frequencies. Thematic composition over time was examined
by cross-tabulating themes against publication year, and
theme co-occurrence was computed at the article level,
two themes being treated as co-occurring when both were
coded present for the same article; the resulting network was
displayed with node size proportional to theme frequency
and edge width proportional to co-occurrence count.

No inferential statistics, significance tests, effect sizes,
or model-based trend estimates were computed, because
the corpus was assembled by full-text availability rather
than by systematic retrieval and therefore does not support
population-level inference. With 40 articles the year-
by-theme cells are small, so counts are reported without
significance testing and differences are not described as

Pneumococcal Vaccines

(n = 40)

|

[Full PDFs converted to text]

[Unique PDF files supp]ied]

(n = 40)

|

Eligible pneumococcal vaccine records
(n = 40)

|

Included in full-text bibliometric evidence map
(n = 40)

Figure 1. Corpus flow for the full-text evidence map. Forty full-
text articles were obtained, 40 were converted to text, and 40 were
included.

trends. The stability of the leading thematic ranks was
assessed with a leave-one-out check of the theme-frequency
table. Citation-based indicators (citation counts, h-index,
co-citation, collaboration networks) were deliberately not
calculated, as these are defined only relative to a complete
retrieval frame. Analyses were performed in Python (pandas,
NumPy, Matplotlib/NetworkX); the full matrix and analysis
scripts are provided to allow every count to be reproduced.

RESULTS

Corpus flow and inclusion

A total of 234 Forty unique full-text articles were obtained,
and all 40 were successfully converted to text and included.
No article was excluded after text extraction as unusable or
irrelevant. This should not be read as evidence of a high-yield
search strategy: topical eligibility was effectively determined
before full-text retrieval, so the screening step had little left
to exclude. Per-article extraction-confidence ratings are
reported in Supplementary Table 1. The included articles
were published between 2015 and 2026; no obtainable article
predated 2015, and the map is reported and interpreted as
covering 2015-2026 (Figure 1).

Annual distribution of included full-PDF pneumococcal vaccine studies by design class

Design class
mmm (Clinical trial/immunogenicity study
Modelling/economic evaluation
= Narrative/scoping review
mmm Observational surveillance/effectiveness
Other/unclear
Systematic review
Systematic review/meta-analysis

Number of studies
N = o

—
o~

o
~N
o o
~N ~N

Publication year

0 . l l
n © ©
i — —
o o o
~ ~ ~

2019
2022

2025
2026

Figure 2. Annual distribution of included articles by design class, 2015-2026. Counts are descriptive; no trend test was performed.
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Table 2. Distribution of study designs across the 40 included articles.

Design class Number of studies Interpretation

Narrative/scoping review 13 Reflects rapid synthesis of evolving PCV15/PCV20, adult,
global, and future-vaccine topics.

Modelling/economic evaluation 9 Indicates strong policy relevance of higher-valency PCV
decisions and schedule choices.

Observational surveillance/ 7 Captures real-world PCV impact, serotype replacement,

effectiveness carriage, and adult indirect effects.

Systematic review/meta-analysis 5 Provides formal synthesis of effectiveness, immunogenicity,
and serotype-specific outcomes.

Systematic review 4 Supports evidence consolidation without pooled quantitative
synthesis.

Clinical trial/immunogenicity study 1 Represents adult-specific V116/PCV21 immunogenicity and
safety evidence.

Other/unclear 1 Reflects one study whose design did not map cleanly to
standard categories.

PCV, pneumococcal conjugate vaccine; PCV15, 15-valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate
vaccine; PCV21, 21-valent pneumococcal conjugate vaccine; V116, adult-specific 21-valent pneumococcal conjugate vaccine.

Publication year and study-design distribution

Publication counts were concentrated in the most recent
period. The highest count was in 2024 (n = 9), followed by
2025 (n = 8), with 2022, 2023 and 2026 contributing four
articles each (Figure 2). Full texts of recent open-access
articles are systematically easier to obtain than those of
older or subscription-only work, so this distribution reflects
retrieval accessibility as much as publication activity and
cannot be read as an estimate of the field’s output over time
(Table 2). Within the corpus, the composition of designs
changes across the period: observational and early review
work on PCV implementation and serotype replacement
gives way to modelling, economic evaluation, systematic
review, and adult vaccine strategy.

Journal sources and journal-metric contextualization

The corpus covered 25 distinct journal venues or publishing
platforms. Vaccines was the most frequent source (n = 7),
followed by Vaccine (n = 4), Expert Review of Vaccines (n

=3), Emerging Infectious Diseases (n = 2), Human Vaccines
& Immunotherapeutics (n = 2), Frontiers in Immunology
(n = 2), and npj Vaccines (n = 2) (Figure 3). The diversity
of journals reflects the multidisciplinary structure of
pneumococcal vaccine research, spanning epidemiology,
immunology, infectious diseases, economic evaluation,
global health, health policy, microbiology, and vaccine
development.

Journal-metric enrichment showed that publicly verifiable
Web of Science/JCR Journal Impact Factor values were
available for 22 of 25 venues, while Scopus/CiteScore values
were available for 19 of 25 venues. At article level, 37 of 40
articles were published in venues with a publicly verified JIF
and 30 of 40 in venues with a publicly verified CiteScore.
Fourteen articles were published in venues with at least
one JCR Q1 category, whereas 36 articles were published
in venues with at least one SCImago/SJR Q1 category.
One included item was a medRxiv preprint and therefore

Journal sources represented in the updated full-PDF corpus

Vaccines

Vaccine

Expert Review of Vaccines

npj Vaccines

Emerging Infectious Diseases

Human Vaccines & Immunotherapeutics

Frontiers in Immunology

i

not reported

fin

Journal of Medical Economics

il

Nature Microbiology

The Lancet Global Health

in

Front. Microbiol.

i

Frontiers in Pediatrics

i

Frontiers in Public Health

i

medRxiv

il

(=]
[

N

N

M N|
w
H
~

N

] 4 5! 6 4
Number of studies

Figure 3. Journal venues represented in the corpus. The distribution is concentrated in vaccine-focused journals but includes infectious-disease,
microbiology, health-economics, public-health, and global-health outlets.
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Vaccine-platform mentions over time in the updated corpus
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PCV7 i i 1L 2 3
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Figure 4. Vaccine-platform mentions by publication year. PCV13 remains the anchor platform, while PCV15, PCV20, PCV21/V116, and
investigational higher-valency products appear more frequently in recent publications. Counts reflect mentions within the corpus, not the

volume of primary evidence for each platform.

had no journal-level IF or CiteScore. Among venues with a
verified JIF, the median JIF was 4.0 and the highest JIF was
19.4; among venues with a verified CiteScore, the median
CiteScore was 6.7 and the highest CiteScore was 39.4.

The venue profile indicates that this literature is disseminated
across indexed vaccine, infectious-disease, immunology,
microbiology, public-health and global-health journals rather
than through a single disciplinary outlet. High-metric venues
represented in the corpus included Nature Microbiology,
The Lancet Global Health, Morbidity and Mortality Weekly
Report, Emerging Infectious Diseases, npj Vaccines, and
Frontiers in Immunology, whereas vaccine-specialist journals
such as Vaccines, Vaccine, Expert Review of Vaccines, and
Human Vaccines & Immunotherapeutics contributed the
largest number of articles (Supplemantary Table 1). Two
qualifications are essential. First, JIF, CiteScore and SJR are
journal-level descriptors and say nothing about the quality
of any individual article in this corpus. Second, the venue
profile is itself shaped by the retrieval rule: fully and hybrid
open-access venues are over-represented among obtainable
full texts, so the apparent concentration in indexed, high-
metric journals partly measures which articles could be read
rather than where this field publishes.

Vaccine-platform evolution

PCV13 was the most frequently mentioned platform in
the corpus (n = 37), consistent with its role as comparator,
predecessor, or programmatic reference point across
observational studies, economic evaluations, systematic
reviews, and policy discussions. PCV7 remained frequently
mentioned (n = 30), typically as the historical baseline for
conjugate-vaccine effects and serotype replacement. PCV10
appeared in 25 articles, reflecting both direct comparison
with PCV13 and programmatic relevance in global and
LMIC settings (Table 3). Higher-valency products were

prominent: PCV20 appeared in 24 articles and PCV15 in
23. PPSV23/PPV23 appeared in 19 articles, chiefly in adult
vaccination and sequencing-policy contexts, and protein-
based or whole-cell approaches in 8, indicating an active but
less represented future-vaccine theme (3,6,17,18). Mention
frequency indexes how often a platform is discussed, not
how much primary evidence exists for it. PCV15 and PCV20
in particular are discussed considerably more often than
they are directly measured within this corpus, a divergence
examined in the relevant section.

Thematic structure and thematic evolution

The most frequent theme was higher-valency PCVs (n = 36),
followed by pediatric vaccination (n = 35) and effectiveness/
impact (n = 32). Serotype replacement/carriage and adult
vaccination each appeared in 22 articles. Immunogenicity/
safety appeared in 15 articles, and global health/LMICs,
economic evaluation/policy, and high-risk populations in
14, 13 and 12 articles respectively (Figure 5). Frequencies
for the remaining prespecified themes (indirect or herd
protection, antimicrobial resistance or genomics, schedule
optimization, and protein or universal vaccines) are reported
in Supplementary Table 1. Every included article was
assigned at least one theme, and the complete per-article
theme profile is provided in the supplementary data so
that readers can distinguish co-occurrence generated by
genuinely multi-topic primary studies from co-occurrence
generated by broad narrative reviews, which account for
13 of the 40 articles. The two leading themes are separated
by a single article, and their rank order should not be over-
interpreted.

The theme—year cross-tabulation shows that articles
published after 2020 more often address higher-
valency PCVs, economic evaluation, adult vaccination,
immunogenicity/safety, and serotype replacement. Articles

86

J Eur Int Med Prof. 2026,4(3):81-93



Ozsoy et al.

Pneumococcal Vaccines

Table 3. Vaccine-platform mentions across the corpus and the interpretive role of each platform.

Vaccine platform Number of studies Main interpretive role in the corpus
mentioning platform

PCV13 37 Dominant comparator and reference standard for
pediatric, adult, and indirect-effect analyses.

PCV7 30 Historical baseline for assessing early conjugate-
vaccine impact and serotype replacement.

PCV10 25 Key programmatic alternative, especially in
pediatric and global/LMIC contexts.

PCV20 24 Central recent platform in economic,
epidemiologic, and coverage-expansion analyses.

PCV15 23 Recent platform assessed for immunogenicity,
pediatric prevention, and cost-effectiveness.

PPSV23/PPV23 19 Adult vaccination, older-adult policy, and
comparison with conjugate strategies.

Protein-based or whole-cell approaches 8 Future-vaccine theme aimed at broader or serotype-
independent protection.

PCV21/V116 2 Adult-specific higher-valency strategy emerging in
recent trial and modelling work.

LMIC, low- and middle-income country; PCV, pneumococcal conjugate vaccine; PCV7, 7-valent pneumococcal conjugate
vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15,
15-valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine; PCV21, 21-valent pneumo-
coccal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine; PPV23, 23-valent pneumococcal poly-
saccharide vaccine; V116, adult-specific 21-valent pneumococcal conjugate vaccine

from 2015-2020 more often emphasise PCV introduction,
carriage, serotype replacement, and early work on future
protein antigens (1-4,19). From 2021 onward the corpus
contains more work on PCV15/PCV20 immunogenicity and
value assessment, global disease burden by vaccine serotype,
dynamic transmission modelling, and policy optimisation
(9-11,20-24). These are differences in composition between
two small groups of articles. Given that PCV15 and PCV20
were licensed in 2021-2023, the direction of the difference
is expected rather than novel, and the cross-tabulation
documents the composition of the mapped literature rather
than establishing that the field as a whole has reoriented
(Figure 6).

Theme co-occurrence network

The co-occurrence network shows that higher-valency PCVs
are linked with pediatric vaccination, effectiveness/impact,
adult vaccination, economic evaluation/policy, and serotype
replacement/carriage. This structure is epidemiologically
coherent rather than novel: higher-valency vaccine decisions
necessarily involve residual serotype burden, indirect
effects, adult disease, cost-effectiveness, and programmatic
feasibility. The network is therefore best read in two ways:
as a check that the coding recovers known conceptual
dependencies, and as a map of which of those dependencies
are actually treated together within single articles (Figure
7). The more informative observation is asymmetry rather
than density. Protein or universal vaccine themes were less
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Figure 5. Frequency of the thirteen prespecified themes across the 40 included articles. Higher-valency PCVs,
pediatric vaccination, and effectiveness/impact form the core thematic triad.
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Thematic evolution across publication years in the updated full-PDF corpus
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Figure 6. Thematic distribution across publication years. Darker cells indicate more articles within a theme—
year combination; cell counts are small and the pattern is descriptive.

frequent but connected specifically to serotype replacement,
antimicrobial resistance/genomics, and the stated limitations
of higher-valency PCVs, and were not prominently
connected to economic evaluation or to effectiveness/impact
(2,3,6,17,18). Future-vaccine research in this corpus is thus
argued largely on ecological and microbiological grounds
and has not yet been brought inside the health-economic and
policy framework within which valency-expansion decisions
are actually made.

Geographic scope

The most frequently represented geographic scopes were the
United States, global analyses, Europe, France, the United
Kingdom, Spain, Australia, Japan, Sweden, and Germany.

Several articles explicitly addressed LMICs, global
vaccine value, Asian countries and territories, Pakistan,
the Philippines, and broad global access considerations
(7,8,23,25). The corpus is therefore not restricted to high-
income settings, but high-income policy and modelling
questions clearly predominate (Figure 8). This is close
to the inverse of the global distribution of pneumococcal
disease burden, and it is compounded by the retrieval rule,
since surveillance and programmatic evaluations from low-
resource settings are more often published in venues whose
full texts are harder to obtain. The geographic imbalance
observed here should be read as a joint product of the
literature and of the sampling method, and it is revisited as a

Theme co-occurrence network in the updated full-PDF corpus
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Figure 7. Theme co-occurrence network. Node size reflects theme frequency; edge width reflects article-level
co-occurrence derived from the complete 40 x 13 theme matrix.
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Most frequent country/region mentions in the updated corpus
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Figure 8. Most frequent country and region mentions. Counts represent mentions in extracted study-
scope fields and should not be interpreted as author-affiliation counts or as a measure of national

research output.

research gap in the relevant section.

Evidence trajectories across major development domains
The updated corpus supports five development trajectories.
First, the implementation-impact trajectory documents
reductions in vaccine-type disease and carriage after PCV
introduction, alongside serotype replacement and geographic
heterogeneity (1,5,7,26,27) (Table 4). Second, the higher-
valency trajectory evaluates PCV15, PCV20, PCV2l/
V116, and investigational expanded-valency products as
responses to residual disease (9-12,16,17,28). Third, the
adult and high-risk trajectory addresses PPSV23, PCV13,
PCV15/PCV20, adult-specific products, indirect protection
from pediatric programs, and policy for older adults or
medically vulnerable groups (12,13,15,29-33). Fourth, the
economic and modelling trajectory estimates the population
value, cost-effectiveness, transmission impact, and schedule
effects of alternative PCV strategies (8-11,13,20,34). Fifth,
the serotype-agnostic future-vaccine trajectory highlights
protein antigens, conserved targets, whole-cell approaches,
and ecological optimization as responses to serotype
replacement and antigenic diversity (2,3,6,17,18,35).

Evidence concentration and consistency across trajectories
Mapping which topics are studied is not the same as
establishing what is known about them. The articles
contributing to each trajectory were therefore examined
for the type of evidence they supply and for agreement in
the direction of their principal findings, as described in the
relevant section.

The implementation and replacement trajectory is the best
supported. It rests on primary observational surveillance
and carriage data collected in several countries, and the
contributing articles agree on the direction of two central
findings: substantial reductions in vaccine-type disease
following PCV introduction, and partial offset by non-
vaccine serotypes (1,5,7,26,27). They disagree on magnitude,
and that disagreement appears systematic rather than
random, tracking baseline serotype distribution, schedule,
and surveillance intensity. A pooled estimate of net impact
across these settings would not be interpretable, and none of
the included articles attempts one.

The higher-valency trajectory is the weakest relative to
its prominence. It is the most frequently addressed theme

Table 4. Development trajectories, representative articles, and core contribution.

Development trajectory

Representative studies

Core contribution

PCV implementation, effectiveness,
and replacement

1,5,7,14,26,27,36

Demonstrates vaccine-type reductions
but continuing non-vaccine serotype and
carriage challenges.

Higher-valency PCV expansion

Evaluates PCV15, PCV20, V116/PCV21,

9-12,16,17 and expanded-valency strategies for
residual disease.
Adult and high-risk vaccination 23,13,29-33 Connects pediatric indirect effects, adult

direct vaccination, older-adult policy, and
risk-condition evidence.

Economic evaluation and dynamic
modelling

8-11,13,20,34

Quantifies health, cost, and programmatic
implications of competing vaccine
choices.

Protein, universal, and ecologically
optimized vaccines

2,3,6,17,18,35

Explores strategies beyond capsular-
polysaccharide valency expansion.
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in the corpus (n = 36), yet the evidence supporting it is
predominantly modelled or synthesised: the corpus contains
a single clinical immunogenicity and safety trial, which
concerns an adult-specific product, and no primary study
comparing the clinical effectiveness of PCV15 with that
of PCV20 (9-12,16,17,28). Conclusions about the relative
merits of PCV15 and PCV20 within this corpus therefore
rest on immunobridging assumptions, on projected serotype
coverage, and on cost-effectiveness models whose outputs
are sensitive to the same uncertain inputs. Given licensure
timing this is expected rather than a defect of the individual
articles, but it means that the dominance of higher-valency
PCVs in the thematic map reflects research attention rather
than accumulated primary evidence.

The adult and high-risk trajectory is intermediate. It combines
primary surveillance of adult disease following pediatric
programme introduction, recommendation documents,
and one adult immunogenicity trial (12,13,15,29-33). The
limitation recurring across these articles is the attribution of
change in adult disease to indirect protection in the absence
of contemporaneous adult carriage data.

The economic and modelling trajectory is internally
consistent in structure, but its conclusions are conditional.
The included evaluations report favourable results for higher-
valency strategies, yet differ in perspective, discounting,
assumed vaccine price, assumed indirect effects, and
whether serotype distribution is held static or allowed to
evolve (8-11,13,20,34). Because vaccine price is frequently
the dominant driver and is often not the price actually
negotiated, cost-effectiveness conclusions in this corpus are
not transportable between settings, and agreement among
them constitutes weaker evidence than it appears.

The serotype-agnostic trajectory is at the earliest stage. It
is supported by preclinical and conceptual work rather than
by clinical outcome data, and no included article reports
the efficacy of a protein-based or whole-cell pneumococcal
vaccine in humans (2,3,6,17,18,35) Its role in this corpus
is argumentative: it is the trajectory that articulates why
capsular valency expansion has an ecological ceiling.

Research gaps identified within the corpus

Five gaps follow from the appraisal above and from the
unresolved questions nominated by the included articles
themselves.

First, primary comparative effectiveness data for PCV15
versus PCV20 are absent. The corpus contains extensive
modelled comparison and no direct measurement. Post-
implementation effectiveness studies with serotype-specific
endpoints are the single most consequential missing evidence
type in this literature, because the economic and policy
conclusions that follow are conditional on the coverage
assumptions such studies would test.

Second, contemporaneous adult carriage data are lacking.
Adult policy in this corpus depends on assumptions about
indirect protection inferred from disease trends rather than
measured in carriage, and this gap limits every projection of
how adult burden will change as pediatric schedules move to
higher valency.

Third, evidence from high-burden low- and middle-income
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settings is thin relative to burden. Surveillance, carriage,
genomic and cost-effectiveness data generated in South Asia
and sub-Saharan Africa are under-represented, and vaccine-
choice decisions in precisely those settings are the ones most
sensitive to local serotype ecology and to price.

Fourth, serotype and outcome definitions are not harmonised.
The included articles differ in case definitions, age bands,
invasive versus non-invasive endpoints, and the handling of
serotype 6C and of non-typeable isolates. This heterogeneity
is the principal obstacle to quantitative synthesis across this
literature and would have to be addressed before a meta-
analysis of effectiveness estimates became defensible.

Fifth, the ecological consequences of higher-valency
vaccination are modelled but not yet observed. Projections
of replacement dynamics under PCV20 rely on parameters
estimated from the PCV7 and PCV13 eras, and the corpus
contains no empirical post-PCV20 replacement data against
which those parameters can be tested.

DISCUSSION

This full-text evidence map describes a literature organised
around higher-valency conjugate vaccines and, increasingly,
around life-course vaccination policy. The central pattern
within the corpus is that higher-valency PCVs dominate
thematically but not evidentially: the theme co-occurs
with pediatric vaccination, adult vaccination, effectiveness,
economic evaluation, serotype replacement and policy, while
the primary comparative data that would adjudicate between
higher-valency options are largely absent. The corpus
frames vaccine choice as a multi-dimensional decision
involving local serotype ecology, indirect effects, residual
disease, age-specific burden, immunogenicity, affordability,
antimicrobial resistance and health-system feasibility, and it
makes that decision under substantial empirical uncertainty.
Two constraints apply to every statement in this section.
First, the corpus was assembled from obtainable full texts,
so the distribution of topics reflects the sampling method
as well as the literature. Second, the direction of several
patterns described here (the rise of PCV15 and PCV20
following their licensure) is unsurprising, and is offered as a
description of the mapped corpus rather than as a discovery.

The venue-level layer shows that this corpus is not confined to
specialist vaccine outlets but is distributed across infectious-
disease, immunology, microbiology, public-health, global-
health and multidisciplinary journals, consistent with the
range of methods the field now requires. This observation
describes dissemination and nothing further. Journal-
level metrics do not substitute for study-level risk-of-bias
assessment, clinical relevance, or article-level -citation
analysis, and the proportion of the corpus appearing in
high-metric venues is partly an artefact of the open-access
retrieval rule discussed in relevant section.

The prominence of PCV13 across 37 of 40 studies reflects
its role as the pivotal reference point for the modern field.
PCV13 is used as the baseline comparator in economic
evaluations of PCV20, as the predecessor for PCV15/PCV20
policy discussions, as the anchor for adult indirect-protection
studies, and as a central platform in systematic reviews of
effectiveness and serotype-specific disease (9-11,14-16).
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This continued dominance does not mean that PCV13
remains the endpoint of vaccine development. Rather, it
shows that higher-valency strategies are being evaluated
relative to a mature and extensively studied benchmark.

A second major finding is the renewed importance of
serotype replacement and carriage ecology. Early PCV
programs reduced vaccine-type disease, but non-vaccine
serotype expansion has repeatedly altered disease ecology
(1,4,5,7). In the updated corpus, replacement is not treated
only as a surveillance outcome; it is also a driver of vaccine
design. Ecological optimization, dynamic transmission
modelling, serotype-specific disease-burden estimation,
and protein-based vaccine research all respond to the same
underlying problem: capsular-polysaccharide vaccines can
suppress targeted serotypes while leaving ecological space
for others (2,17,23,34).

The third major finding is the growing integration of adult
vaccination into a field historically led by pediatric PCV
programs. The adult literature in this corpus includes PPSV23
effectiveness, updated adult recommendations, adult indirect
protection from pediatric PCV programs, older-adult disease
after infant PCV10/PCV13 introduction, improved adult
coverage and revaccination models, and the V116 adult-
specific conjugate vaccine trial (12,13,15,29,30,32). This
trajectory is important because adult disease prevention
depends on both herd effects from pediatric vaccination
and direct adult strategies. As serotype distributions change
under pediatric programs, adult vaccine policy must adapt
rather than assume static risk patterns.

The fourth finding concerns value and policy. Modelling and
economic evaluations are highly represented in the updated
corpus, especially from 2021 onward. These studies evaluate
not only clinical outcomes but also quality-adjusted life
years, healthcare costs, societal costs, vaccine acquisition
costs, and programmatic value (8-11,13,20). This confirms
that higher-valency vaccine adoption is fundamentally a
policy decision under uncertainty. The same vaccine may
have different value depending on serotype distribution,
indirect effects, vaccine price, coverage, schedule, and
baseline disease burden.

The fifth finding is that future-vaccine research remains
strategically important despite lower frequency. Protein
and universal-vaccine themes appeared in fewer studies
than higher-valency PCVs, but their placement in the co-
occurrence network is informative. These studies connect
to serotype replacement, antimicrobial resistance, genomics,
and ecological optimization (2,3,6,17,18). This suggests
that future pneumococcal vaccine research is increasingly
motivated by the limitations of serotype-specific expansion.
Protein-based and conserved-antigen approaches may
eventually complement or disrupt the current valency-
expansion paradigm, but the corpus indicates that these
approaches remain less mature than PCV15/PCV20 evidence
streams.

The gaps identified in Section 3.10 define a concrete
research agenda. The highest priority is post-implementation
comparative effectiveness of PCV15 and PCV20 with
serotype-specific endpoints, since almost every downstream
conclusion in this literature, including the economic ones,
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is currently conditional on modelled coverage assumptions.
The second is contemporaneous adult carriage surveillance
conducted alongside pediatric schedule changes, without
which indirect protection remains inferred rather than
measured. The third is the generation of surveillance,
genomic and economic evidence in high-burden low- and
middle-income settings, where vaccine-choice decisions
are most sensitive to local serotype distribution and to
price. Cutting across all three, the field would benefit from
harmonised serotype and outcome definitions and from
transparent reporting of modelling assumptions, particularly
vaccine price and the treatment of serotype replacement,
since these are the inputs on which conclusions most
often turn. Integrated studies combining carriage, invasive
disease, non-invasive pneumonia, antimicrobial resistance,
genomic surveillance and economic evaluation remain rare
in this corpus and would address several of these needs
simultaneously.

Policy makers should interpret higher-valency PCV evidence
through local epidemiology. Where residual disease is
concentrated in serotypes covered by PCV15 or PCV20,
higher-valency vaccines may offer substantial benefit. Where
non-vaccine serotypes are already diverse or changing
rapidly, incremental valency expansion may produce smaller
long-term gains unless accompanied by surveillance and
adaptive scheduling. The corpus also supports the case for
life-course vaccination policy integrating pediatric indirect
protection with direct adult vaccination, particularly for
older adults and high-risk groups. These implications follow
from the content of the included articles and are offered as
an interpretation of that content; they are not derived from a
systematic review and do not carry the evidential status of a
guideline recommendation.

This study occupies a deliberate middle position between
bibliometrics and scoping review, and the terminology
deserves to be explicit, since the label chosen determines
what a reader is entitled to expect. Conventional bibliometrics
analyses database records and citation structure and can
characterise research volume, influence and collaboration,
but cannot reliably characterise study design, outcome
definitions or stated limitations, because these are often
absent from metadata. A PRISMA-ScR scoping review
characterises precisely those content features, but requires
a documented systematic search that the present corpus
does not have. This design applies the content-level coding
of a scoping review to a corpus assembled by full-text
availability, and reports the result as an evidence map of
that corpus and of nothing beyond it. Readers expecting
bibliometric indicators (citation impact, citation-derived
research clusters, institutional influence) will not find them
here, and should not, because the corpus cannot support
them. What the design does provide is a content-fidelity
advantage that matters in this specific field, together with
the appraisal and gap layers reported in Sections 3.9 and
3.10, which are not available from metadata alone. Full-
text evidence mapping complements rather than replaces a
database-based bibliometric census or a systematic review,
and it should be reported under a name that implies neither.

The main strength of this study is that the unit of analysis
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is the complete article. This permitted extraction of design,
population, vaccine-platform, outcome and stated-limitation
fields that are unavailable or unreliable in bibliographic
metadata, and it made possible the trajectory-level appraisal
in the relevant sections, which are the elements of this work
that go beyond description. All thirteen themes were coded
for all 40 articles with no missing cells, the complete coding
matrix is available, and every reported count is reproducible
from the supplied data and scripts.

The most important limitation is the sampling frame. The
corpus was defined by full-text availability rather than by
a systematic Scopus, Web of Science, PubMed or Embase
search, and it is therefore a non-probability sample of the
pneumococcal vaccine literature. Subscription-only articles,
non-English publications, conference proceedings, grey
literature, and work from lower-resourced settings are likely
to be under-represented, and the resulting bias is not random:
it favours recent open-access work from high-income
settings. No count reported here estimates a population
quantity, and the absence of a topic from this corpus is not
evidence that the topic is unstudied. Statements about what
this corpus contains are supported; statements about what the
field contains are not, and we have confined ourselves to the
former throughout.

A second limitation is the coding procedure. All verification
was performed by a single analyst with a documented second
pass, but no independent duplicate coding was undertaken
and no inter-rater reliability statistic can be reported. Theme
assignment involves judgement, particularly at the boundary
between substantive treatment and incidental mention, and
individual theme counts should be treated as reproducible
from the published matrix but not as free of coder-dependent
variation. First-pass extraction was software-assisted, which
raises the possibility of systematic rather than random
extraction error; the verification pass was designed to detect
this but cannot be assumed to have eliminated it.

A third limitation is the size of the corpus. With 40 articles,
year-by-theme and design-by-year cells are small, ranks
separated by one or two articles are unstable, and no
inferential claim can be sustained. Counts are therefore
reported without significance testing and differences are
not described as trends. A leave-one-out check confirmed
that no single article alters the identity of the three leading
themes, but the rank order within them is not robust.

A fourth limitation is compositional. Thirteen of the 40
articles are narrative or scoping reviews and a further nine
are modelling or economic evaluations, so theme counts
partly measure how often a topic is synthesised rather than
how often it is measured. This is why Section 3.9 separates
evidence type from thematic frequency, and it is the reason
the thematic map should not be read as a map of evidence
strength.

A fifth limitation is temporal. No obtainable article predated
2015, so the PCV7 licensure period and the early post-
implementation era are represented here only as background
reported within later articles. The title and stated scope of
this map have been restricted to 2015-2026 accordingly.

A sixth limitation concerns the venue-level metrics. Publicly
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available JIF, CiteScore and SJR values differ by reporting
year and by source, and some official JCR and Scopus values
require subscription access, so these figures constitute a
transparent contextual enrichment rather than a definitive
ranking audit. medRxiv was classified as a preprint server
without journal metrics, and Acta Medica Philippina had a
publicly verifiable Scopus/SCImago record but no publicly
verified JCR Impact Factor among the sources available
during extraction.

Finally, the appraisal and gap analysis added in Sections 3.9
and 3.10 are corpus-level and qualitative. No formal risk-
of-bias instrument was applied to individual articles and
no quantitative synthesis was attempted; the heterogeneity
of case definitions, age bands and endpoints described
in Section 3.10 is itself the reason a meta-analysis of
effectiveness estimates was not defensible on these data.

CONCLUSION

Within a corpus of 40 full-text articles published between
2015 and 2026, pneumococcal vaccine research is organised
around higher-valency conjugate vaccines, life-course
and adult vaccination, economic evaluation, and residual
serotype disease, with protein-based and serotype-agnostic
approaches forming a smaller cluster connected to serotype
replacement and antimicrobial resistance rather than to
cost and policy. PCV13 remains the reference comparator
throughout. The appraisal reported here shows that thematic
prominence and evidential strength diverge: higher-valency
PCVs are the most discussed topic and among the least
directly measured, and the corpus contains no primary
comparative effectiveness data for PCV15 versus PCV20,
no contemporaneous adult carriage data to underpin indirect-
protection assumptions, and no empirical post-PCV20
replacement data against which current projections can be
tested. These are the priorities that the corpus itself identifies.
Because the corpus was assembled from obtainable full
texts rather than through a systematic search, all of these
statements describe the mapped literature and are not offered
as estimates of the field as a whole..
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