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summary

S. pneumoniae has been classified by the World Health Organiza-
tion (WHO) as one of the 12 priority pathogens with the greatest
global health impact. Although many individuals (approximately
20-30% of adults and nearly 40-50% of children) may carry the
bacterium asymptomatically, certain groups are considered at
higher risk of disease (non-invasive illnesses and invasive dis-
eases). These include young children, the elderly and individuals
who are immunocompromised or affected by pre-existing medical
conditions.

Italian surveillance data show a significant increase in Invasive
Pneumococcal Disease (IPD) incidence in 2023 in comparison
with 2021 and 2022, rising from 0.84 cases per 100,000 popula-
tion in 2021 to 3.02 in 2023. The highest rates were observed in
children under I year of age [10.41/100,000 (2023)] and in adults
aged 65 and over (7.45/100,000 in 2023 compared with 2.11 in
2021 and 4.49 in 2022).

Surveillance systems and epidemiological studies on the global
distribution of the different pneumococcal serotypes associated
with disease continue to be essential to determining which sero-
types to include in new vaccines, in order to produce preparations
capable of preventing an increasing number of cases, hospitaliza-
tions, sequelae and deaths.

A milestone in pneumococcal vaccination was the development of
conjugate vaccines (PCVs), which started in the 2000s. The first
PCV, which covered seven serotypes (PCV7: 4, 6B, 9V, 14, 18C,
19E and 23F), was introduced in Italy in 2005 for the pediatric
population. The introduction of this vaccination strategy lead-
ing to a significant reduction in disease among children and an
overall decline in the pneumococcal disease burden across all
age-groups. However, an increase in disease caused by serotypes
not included in PCV7 was observed. This phenomenon, named
serotype replacement, led to the development of higher-valency
conjugate vaccines. In 2010, the 13-valent pneumococcal vaccine
(PCV13) and 10-valent pneumococcal vaccine (PCV10) were
approved. However, the phenomenon of serotype replacement

Introduction

Streptococcus pneumoniae (S. pneumoniae), a Gram-
positive bacterium, causes a wide spectrum of diseases,
ranging from non-invasive illnesses such as bronchitis,
non-bacteremic pneumonia, sinusitis and otitis media,
to invasive diseases, including bacteremia, septicemia,
osteomyelitis, pneumonia and meningitis [1].

continued to be observed, and consequently, the need for broader-
spectrum vaccines remained a public health priority.

In 2021 and 2022 PCV15 (serotypes: 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F, 22F, 23F and 33F) and PCV20 (serotypes: 1,
3, 4,5, 6A, 6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B, 18C, 19A, 19E,
22F, 23F and 33F) were authorized for immunization in individu-
als aged 218 years, respectively. In March 2025, the use of a new
21-valent pneumococcal vaccine was approved (serotypes: 3, 6A,
7F 19A, 22F 33F 8, 10A, 11A, 12F 9N, 17F, 20, 15A, 15C, 16F,
23A, 23B, 24F, 31 and 35B) and it included some serotypes par-
ticularly aggressive or emerging.

Maximizing the effectiveness of a vaccination program in combat-
ing diseases related to S. pneumoniae is based on the integration
of three key elements: epidemiological need, immunological need
and vaccine compliance.

From an epidemiological perspective, the 2023 specific data analy-
sis reveals that, out of 1,783 cases, 734 involved individuals over the
age of 64 (41.2%). The estimated global coverage with the PCV20
vaccine would be 63.6%, while with the PCV21 vaccine it would
be 76.4%. The specific analysis of the most recent available data
(1st half of 2024) reveals that a total of 1,152 cases were reported,
58.4% of which occurred in individuals over 64. If only the data
referring to subjects over the age of 64 are analyzed, the estimated
coverage becomes 72.1% for PCV20 and 79.2% for PCV21.

From an immunological standpoint, the vaccine of choice should
induce an immune response that is at least non-inferior to the
comparator, and ideally, more robust and long-lasting.

Regarding compliance, all possible strategies must be activated in
order to raise public awareness of the risks of pneumococcal disease
and the benefits of vaccination, so as to increase coverage rates.

A thorough analysis of epidemiological and clinical data, com-
bined with an assessment of the economic and social impact, is
crucial to guiding vaccination policies and supporting efficient
decision-making in order to protect the health of the entire popu-
lation.

S. pneumoniae is able to colonize the nasopharynx,
resulting in a carrier state, which involves approximately
20-30% of adults and nearly 40-50% of children [2].
Among its essential  structural = components,
phosphorylcholine — part of the bacterial cell wall — plays
a key role in the colonization of the upper respiratory
tract, owing to its ability to bind specific receptors on
human epithelial cells [3, 4].
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Under normal conditions, colonization does not progress
to clinically apparent disease. Progression to invasive
disease requires the local activation of proinflammatory
mediators, such as interleukin-1 (IL-1) and tumor
necrosis factor (TNF) [5]. This inflammatory response
induces both quantitative and qualitative changes in the
receptors present on epithelial and endothelial cells.
Choline in the bacterial cell wall has a high affinity for
the platelet-activating factor receptor, whose expression
is increased during inflammation [6]. Interaction with
this receptor facilitates bacterial internalization and
promotes transcellular passage across epithelial and
vascular barriers, allowing S. pneumoniae to invade
deeper tissues [7].

Another key factor in the pathogenesis of pneumococcal
disease is pneumolysin, a cytotoxin capable of forming
pores in eukaryotic cell membranes and interfering with
complement activation, thereby contributing to immune
evasion and tissue damage [6, 7].

Although many individuals may carry the bacterium
asymptomatically, certain groups are considered at
higher risk of disease. These include young children, the
elderly and individuals who are immunocompromised
or affected by pre-existing medical conditions. Among
these, diabetes mellitus, chronic lung disease, liver
disease, chronic kidney disease and sickle cell anemia
are major risk factors. Recent studies have also identified
additional predisposing conditions, such as sarcoidosis,
inflammatory polyarthropathies, systemic connective
tissue diseases and various neurological disorders,
highlighting the complexity of individual susceptibility
profiles [8]. Furthermore, concurrent viral infections
can predispose individuals to invasive pneumococcal
disease [9]. Other contextual and behavioral factors —
such as the winter season, tobacco smoking and chronic
alcohol consumption — also constitute risk factors for the
development of invasive pneumococcal disease [8].

To date, the polysaccharide capsule surrounding the cell
wall is widely recognized as the main virulence factor
of S. pneumoniae. The structural composition of the
capsule enables the bacterium to evade opsonization
and phagocytosis [10]. Analysis of the capsule’s
polysaccharides has led to the identification of over
100 different S. pneumoniae serotypes. However, it is
important to note that only a subset of these serotypes
is responsible for the majority of invasive clinical
cases [11]. Disease-causing serotypes differ not only in
their structural characteristics but also in their associated
disease severity, lethality, invasiveness, antibiotic
susceptibility and distribution across age-groups and
geographic regions [12, 13].

The Burden of Streptococcus
pneumoniae Disease in Adults:
A Major Public Health Concern

Despite significant progress in diagnostic and therapeutic
pathways, infections caused by S. pneumoniae remain
associated with high morbidity and mortality rates,
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particularly among vulnerable populations such as
children, the elderly and individuals with compromised
immune systems [14]. Indeed, S. pneumoniae has been
classified by the World Health Organization (WHO) as
one of the 12 priority pathogens with the greatest global
health impact [3].

In 2021, S. pneumoniae was responsible for the majority
of lower respiratory tract infection (LRTI)-related cases
and deaths (excluding SARS-CoV-2), with an estimated
97 million cases and 505,000 deaths globally. Of these,
the largest number occurred in children under the age of
5 years, and in adults over 70 years old [15, 16].
According to data from the European Centre for Disease
Prevention and Control (ECDC), in 2022 the incidence
rate of invasive pneumococcal disease (IPD) in Europe
was 5.11 cases per 100,000 population, with the highest
rates being observed in individuals over 64 years of age
and in children under 4 years (13.42 and 12.49 cases per
100,000 population, respectively). Clinically, the most
common presentations were bacteremic pneumonia
(41.2%) and septicemia (37.7%), followed by meningitis
(13.8%). Overall case fatality rates were 17.1% among
those over 65 and 10.9% among individuals aged 45—
64 [17].

Italian surveillance data show a significant increase in
IPD incidence in 2023 in comparison with 2021 and
2022, rising from 0.84 cases per 100,000 population
in 2021 (500 cases) to 3.02 in 2023 (1,783 cases).
The highest rates were observed in children under 1
year of age [10.41/100,000 (2023), exceeding the pre-
pandemic value of 6.50 in 2019] and in adults aged 65
and over (7.45/100,000 in 2023 compared with 2.11 in
2021 and 4.49 in 2022). This increase was probably
attributable, at least in part, to improved diagnostic
techniques and growing awareness of IPD in Public
Health Surveillance. Most notifications occurred
during the winter months, confirming the established
seasonal pattern. The most frequently reported clinical
manifestations were sepsis and bacteremia (37-55% of
cases), followed by pneumonia associated with sepsis/
bacteremia (25-36%) and meningitis, with or without
sepsis/bacteremia (18-25%) [15]. The interim report
for the first six months of 2024 cited a total of 1,152
IPD cases, 673 of which occurred in individuals over
64 years of age [18].

S. pneumoniae infections, especially in the elderly, are
often responsible for a large number of community-
acquired pneumonia (CAP) cases, making them the
leading cause of hospital admissions among individuals
aged > 65 years — approximately 2,000 admissions
per 100,000 per year in the developed countries [19].
Moreover, beyond the disease burden directly caused
by the infection, pneumococcal CAP in the elderly
is frequently complicated by cardiovascular events,
which further increase its clinical, economic and social
impact [14, 20, 21].

In high-income countries, S. pneumoniae remains
responsible for up to 50% of CAP cases, with in-
hospital mortality reaching as high as 40% among older
adults [22].
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In Italy, CAP has a significant clinical and economic
impact, with a hospitalization rate of 31.8% among
adults, and S. pneumoniae remains the main etiological
agent [23]. A large study conducted in four Italian
regions between 2017 and 2020 found that, among
1,155 individuals aged > 65 years hospitalized for CAP,
13.1% had an infection caused by S. pneumoniae. The
most frequently detected serotypes were: 3 (2.0%),
8 (1.7%), 22F (0.8%), 11A (0.7%) and 9N (0.6%).
Moreover, the study showed that highly invasive
serotypes (1, 5, 7F and 8) accounted for 2.1% of
cases. Serotypes included in the conjugate vaccines
PCV15 and PCV20 were present in 4.4% and 7.5%,
respectively, of CAP cases [24].

Serotype 3 plays a significant role in clinical
manifestations and is associated with more severe
disease [22, 25]. In recent years, this serotype has
become one of the most commonly identified causes of
interstitial lung disease in most Western countries [24,
26]. Its increased circulation is probably due to several
factors: the current conjugate pneumococcal vaccines
(PCVs) for adults appear to have limited efficacy against
this serotype, whose polysaccharide capsule is thicker
and lacks a covalent bond to the peptidoglycan layer.
This characteristic renders the capsule more resistant to
immune attack, as it reduces opsonophagocytic killing,
thereby facilitating persistence and transmission.

surveillance Systems: The Importance
of Continuous Monitoring

Communicable diseases continue to constitute a public
health priority, owing to their significant clinical,
economic and epidemiological impact. In this context,
epidemiological and laboratory surveillance plays a
central role, as it allows the systematic and integrated
collection of essential data that can guide public health
decision-making, support efforts to combat respiratory
infections and aid the development of new vaccines.
It also plays a key role in both global and local health
security. By definition, infectious disease surveillance
involves the continuous and systematic collection
of information regarding the distribution of diseases
and associated risk factors, as well as the analysis of
temporal, spatial and demographic trends, with the
aim of informing effective prevention and control
measures [27].

Recently, the World Health Organization (WHO), through
the publication of the Global Strategy on Comprehensive
Vaccine-Preventable Disease Surveillance (2021-2030),
has emphasized the need to develop more comprehensive
and integrated national and regional surveillance systems
capable of monitoring the full spectrum of the infectious
diseases that are most relevant in various geographical
contexts. This integrated approach not only supports
efforts to achieve the elimination and eradication goals
set out in the Immunization Agenda 2030, but also
constitutes an essential tool for strengthening vaccination
programs [28].

In the United States, following the release of the report
Addressing Emerging Infectious Disease Threats:
A Prevention Strategy for the United States [29],
the Emerging Infections Program (EIP) was established
a network of state health departments coordinated
by the Centers for Disease Control and Prevention
(CDC). The aim of this network is to detect emerging
pathogens, conduct research based on laboratory
and epidemiological data, and implement projects
supporting public health protection and prevention
efforts [30].

In 1995, the Active Bacterial Core Surveillance
(ABCs) system was launched — a surveillance network
created under the CDC’s EIP to monitor and estimate
the burden of invasive bacterial infections of public
health relevance [31]. Initially composed of four sites
(California, Connecticut, Oregon and Minnesota),
the ABCs network expanded in 2003 to include
Georgia, Maryland, New York, Tennessee, Colorado
and New Mexico, thus comprising a total of 10 sites.
The network ensures case monitoring through the
systematic verification of clinical and laboratory data
in collaboration with the CDC, state health departments
and universities [32].

The need to establish an active surveillance network
arose alongside the development of the 13-valent
PCV, as it was crucial to have a system capable of
determining baseline IPD rates, monitoring circulating
serotypes and assessing vaccine effectiveness. Indeed,
evidence gathered through the ABCs network revealed
a significant reduction in IPD incidence in children, due
to the introduction of the 7-valent PCV (PCV7), as well
as in adults, due to herd protection. However, it also
showed an increase in cases caused by S. pneumoniae
serotypes not included in the commercial vaccines [31].
In Europe, the first S. pneumoniae surveillance systems
date back to the 1990s, when the growing availability
of vaccines - initially polysaccharide-based and
later conjugate vaccines — highlighted the need for
standardized data on disease incidence and serotype
distribution, in order to measure vaccine impact and
guide immunization strategies. With the introduction
of the PCV7 conjugate vaccine, several European
countries established dedicated surveillance systems or
strengthened existing ones.

The ECDC implemented the TESSy surveillance,
which was designed for the collection, analysis and
sharing of epidemiological data across the European
Union and the European Economic Area. This system
integrates demographic, clinical and laboratory data,
enabling time-trend analyses of cases and comparisons
between member states, with the aims of monitoring
incidence, evaluating the impact of vaccination
programs, identifying emerging trends and supporting
evidence-based policy decisions.

In Italy, a surveillance system for Invasive Bacterial
Diseases (MIB), coordinated by the Istituto Superiore
di Sanita (ISS), has been in place since 2007. The aim of
this surveillance is to monitor the temporal and spatial
trends of these diseases, describe the frequency of cases
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by pathogen (Neisseria meningitidis, S. pneumoniae
and Haemophilus influenzae) and serotype, and
estimate the proportion of cases preventable through
vaccination, in order to improve prevention and control
strategies [15].

Pneumococcal Vaccines: Epidemiological
Evolution, Serotype Variation and New
Opportunities

Surveillance systems and epidemiological studies on
the global distribution of the different pneumococcal
serotypes associated with disease continue to be
essential to determining which serotypes to include
in new vaccines, in order to produce preparations
capable of preventing an increasing number of cases,
hospitalizations, sequelae and deaths [33].

The development of the first generation of pneumococcal
polysaccharide vaccines wusing purified capsular
polysaccharides dates back to the 1950s. The non-
conjugate polysaccharide vaccines elicit a short-lived
immune response, with a significant decline in immunity
6-24 months after vaccination. Indeed, these vaccines
primarily induce a B cell-mediated immune response
without involving T cells [34-36].

The first second-generation pneumococcal
polysaccharide vaccine was the I14-valent PPSV14,
licensed in the United States in 1977. It was later
superseded by PPSV23, which contains the serotypes
most commonly associated with invasive pneumococcal
disease (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and
33F) [35]. PPSV23 is indicated for active immunization
from 2 years of age, is administered in a single dose
and is used sequentially after a conjugate vaccine, with
revaccination being possible after five years [37].

A milestone in pneumococcal vaccination was the
development of conjugate vaccines (PCVs), which
started in the 2000s. These vaccines are based on
mechanisms similar to those of conjugated Hib vaccines,
which used carrier proteins such as diphtheria toxoid
(PRP-D), meningococcal outer membrane protein (PRP-
OMP) and tetanus toxoid (PRP-T) [34]. The covalent
conjugation of capsular polysaccharides with a carrier
protein has been shown to elicit a T cell-dependent
adaptive immune response and induce B memory cells,
resulting in immunological memory. This antigenic shift
renders these vaccines much more immunogenic in both
adults and infants [38, 39].

The first PCV, which covered seven serotypes (PCV7:
4,6B, 9V, 14, 18C, 19F, and 23F), was introduced in the
United States in 2000 and in Europe in 2001. In Italy,
vaccination with PCV7 was included in the National
Immunization Prevention Plan (PNPV) in 2005 for the
pediatric population [40].

The introduction of pediatric vaccination with PCV7
effectively generated long-lasting immunity in
vaccinated infants and reduced nasopharyngeal carriage
of the seven most virulent S. pneumoniae serotypes —
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leading to a significant reduction in disease among
children and an overall decline in the pneumococcal
disease burden across all age-groups [39, 41, 42].

In parallel with the reduction in IPD cases caused by
vaccine-targeted serotypes, however, an increase in
disease caused by serotypes not included in PCV7
was observed [43]. This phenomenon, named serotype
replacement, i.e. arelative increase in cases of disease due
to serotypes not included in the commercially available
vaccine, led to the development of higher-valency
conjugate vaccines. In 2010, the 13-valent pneumococcal
conjugate vaccine (PCV13) was approved. In addition to
the serotypes in PCV7, it covers serotypes 1, 3, 5, 6A, 7F
and 19A. Initially indicated only for children, it was later
approved for adults over 50 years of age [44]. Around
the same time, a 10-valent conjugate vaccine was also
approved for the pediatric population [45].

In high-income countries, the introduction of PCV10
and PCV 13 conjugate vaccines has led to two significant
trends: on one hand, a considerable decrease in invasive
and non-invasive disease caused by vaccine-included
serotypes; on the other, the phenomenon of serotype
replacement [35]. This epidemiological phenomenon has
generated the need to develop conjugate vaccines that
contain an ever-greater number of serotypes, in order to
broaden protection against pneumococcal disease.

In 2021, the European Medicines Agency (EMA)
authorized PCV15, a conjugated and adsorbed
polysaccharide vaccine containing the serotypes: 1, 3,
4,5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and
33F. Initially used for the active immunization of adults
aged 218 years, in October 2022 it was also authorized
for use in individuals from six weeks of age. For those
over 18 years, a single dose is administered, and it is
important to note that the product’s Summary of Product
Characteristics (SmPC) indicates co-administration
with the seasonal quadrivalent (inactivated, split
virion) influenza vaccine, thus providing an important
contribution to vaccination strategies [46].

In February 2022, in Europe (in May 2022 in Italy),
the 20-valent conjugated adsorbed vaccine (serotypes:
1,3, 4,5, 6A, 6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B,
18C, 19A, 19F, 22F, 23F and 33F) was authorized for
immunization in individuals aged 218 years. Later,
PCV20 also obtained authorization for pediatric use
(March 2024) according to a 3 + 1 schedule. In adults
and the elderly, PCV20 may be co-administered with the
seasonal influenza vaccine [47].

The systematic review by Teixeira et al. examined 118
studies published between 2010 and 2022 in 33 European
countries, and showed that the serotypes covered only
by PCV20 (8, 10A, 11A, 12F, 15B, 22F and 33F) have
become increasingly prevalent among adults since the
introduction of PCV13, causing both invasive and non-
invasive pneumococcal disease [12].

A recent cost-effectiveness study used a Markov model
to evaluate the implementation of PCV20 in the Italian
adult vaccination strategy. Assuming vaccination of
100% of cohorts aged 65 to 74 years, immunization
with PCV20, in comparison with PCV13, proved to
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be dominant (lower cost and a better health outcome),

yielding an estimated reduction of 1,208 deaths; 1,171

cases of bacteremia (excluding meningitis); 227 cases of

meningitis; 9,845 hospitalized cases of non-bacteremic
pneumonia, and 21,058 non-hospitalized cases; the
total gain was of 6,581.6 life-years and 4,734.0 QALY

(Quality Adjusted Life Year). Comparison with PCV15

showed an ICER (Incremental Cost-Effectiveness

Ratio) of €66 per life-year gained and €91 per QALY.

The authors concluded that vaccination of the elderly

population with PCV20 was a sustainable and efficient

investment [48].

In March 2025, in Europe and subsequently in Italy

(May 2025), the use of a new 21-valent pneumococcal

conjugate polysaccharide vaccine, conjugated to the

CRM197 carrier protein, was approved [49]. The

vaccine protects against 21 serotypes (3, 6A, 7F, 19A,

22F, 33F, 8, 10A, 11A, 12F, 9N, 17F, 20, 15A, 15C,
16F, 23A, 23B, 24F, 31 and 35B), some of which are
particularly aggressive or emerging. Administered in

a single dose, it is indicated for active immunization

against invasive disease and pulmonary infection caused

by S. pneumoniae in individuals aged 18 years or older.

Clinical trials conducted in adults have evaluated its

effectiveness against invasive pneumococcal disease

and pulmonary infection, as well as its immunogenicity.

The double-blind, randomized STRIDE 3 trial included

pneumococcal vaccine-naive adults aged 18 years

and older, with or without stable chronic medical
conditions [50]. Participants were divided into two
cohorts: the first included individuals aged 50 and older,
who were randomized 1:1 to receive either PCV21 or

PCV20. The second cohort comprised participants aged

18 to 49 years, randomized 2:1.

Serotype-specific opsonophagocytic activity (OPA) and

IgG responses were measured on Day 1 and Day 30

post-vaccination. PCV21 displayed non-inferior OPA

levels in comparison with PCV20 for the ten shared

serotypes and met superiority criteria for 10 of the 11

serotypes included only in PCV21 (with the exception

of serotype 15C). Although superiority was not reached
for 15C, robust immune responses were observed.

Additionally, PCV21 elicited a cross-reactive immune

response to serotype 15B, probably due to structural

similarity between 15B and 15C. PCV21 was generally
well tolerated, with a safety profile similar to PCV20,
and showed a greater response toward serotypes 3 and

8. Furthermore, the most commonly reported adverse

events were mild and short-lasting (less than 3 days)

pain at the injection site and headache [50].

In another Phase III randomized controlled trial

(STRIDE-6), the safety, tolerability and immunogenicity

of the PCV21 were evaluated in adults aged 50 years

and older. The study included 717 previously vaccinated
adults, who were divided into three cohorts on the basis
of their prior vaccination history:

e Cohort 1: individuals previously vaccinated with
PPSV23, randomized 2:1 to receive PCV21 or
PCV15.

e Cohort 2: individuals previously vaccinated with

PCV13, randomized 2:1 to receive PCV21 or
PPSV23.
* Cohort 3: individuals with mixed vaccination history
received open-label PCV21.
Immunogenicity was assessed 30 days post-vaccination
in terms of geometric mean titers (GMTs) of OPA and
geometric mean concentrations (GMCs) of IgG for
all serotypes included in V116. Safety was monitored
by recording the proportion of participants reporting
adverse events.
PCV21 was found to be immunogenic against all 21
serotypes included, with immune responses generally
comparable to those elicited by the other vaccines used
in the study. Thirty days after vaccination, OPA GMTs
against shared serotypes were generally similar between
PCV21 and PCV15 (Cohort 1), and between PCV15
and PPSV23 (Cohort 2). The most frequently reported
adverse events were injection site pain and fatigue,
usually mild to moderate in intensity and lasting no
longer than 3 days [51].
It is also noteworthy that PCV21 includes emerging and
hard-to-control serotypes, including 9N, 15C, 16F, 17F,
20A, 23A, 23B, 24F, 31 and 35B. Notably, serotype
15C is capable of eliciting a cross-reactive immune
response against the deOAc15B polysaccharide, owing
to structural similarity, thereby providing protection
against serotype 15B.
Table I provides a summary of the evolution of
pneumococcal vaccines.
Figure 1 illustrates the evolution of third-generation
pneumococcal vaccines.

Pneumococcal Vaccination of Adults
in Italy: Where Do We Stand?

Recent demographic projections for Italy indicate an
ongoing transition marked by progressive population
aging. Indeed, it is estimated that, by 2050, individuals
aged 65 and over will constitute 34.6% of the total
population, compared with the current 24.3% [52].
In this context, it is clear that Public Health must pay
particular attention to this population group, in order to
implement vaccination programs capable of reducing the
disease burden due to preventable infectious illnesses.
With regard to invasive pneumococcal disease (IPD)
in Italy, among adults over the age of 64, the incidence
increased in 2023, reaching 7.45 cases per 100,000
inhabitants, compared with 2.11 in 2021 and 4.49 in
2022 [15].

Pneumococcal vaccination with conjugate vaccines for
adults and the elderly began to be offeredin 2015 in certain
Italian Regions, with a gradual rollout. The 2017-2019
PNPV recommended free pneumococcal vaccination
for all individuals aged 265 years; this consisted of the
administration of PCV13, followed, after at least two
months, by a dose of 23-valent polysaccharide vaccine
(PPSV23) in a sequential schedule. Vaccination was also
recommended for all individuals at higher risk of severe
pneumococcal infections and complications due to
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Tab. I. Pneumococcal vaccines: the evolution.

ADULT PNEUMOCOCCAL VACCINATION IN ITALY

FIRST GENERATION

1911: whole-cell vaccine

1930: vaccine serotypes combined with live attenuated bacteria

Mid-1930s: multivalent vaccines containing partially purified capsular material

Late 1940s: multivalent polysaccharide vaccines

Early 1950s: first generation of pneumococcal polysaccharide vaccines introduced into the market

SECOND GENERATION

Unconjugated polysaccharide vaccines

1977: 14-valent vaccine approved in the USA

1983: 23-valent vaccine (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 11F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F) approved in the USA

Conjugated polysaccharide vaccines

2000: 7-valent vaccine (PCV-7) (4, 6B, 9V, 14, 18C, 19F, 23F) approved in the USA and shortly afterwards in Europe (2001)

THIRD GENERATION

Conjugated polysaccharide vaccines with expanded antigenic coverage

9V, 14, 18C, 19A, 19F, 23F)

2009-2010: approval of the 10-valent vaccine (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F) and the 13-valent vaccine (1, 3, 4, 5, 6A, 6B, 7F,

22F, 23F and 33F) approved for adults > 18 years.

December 2021 (European approval) - March 2021 (Italian approval): 15-valent vaccine (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F,

February 2022 (European approval) - May 2022 (Italian approval): 20-valent vaccine for individuals >18 years.

March 2025 (European approval) - May 2025 (Italian approval): 21-valent vaccine (3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F, 9N, 17F,
20, 15A, 15C, 16F, 23A, 23B, 24F, 31 and 35B) approved for individuals aged > 18 years.

Fig. 1. Evolution of third-generation pneumococcal vaccine.
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33F
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* For PCV21, a cross-reactive immune response was observed versus serotype 15B; this was elicited by serotype 15C, which is structurally similar to
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specific clinical conditions or chronic comorbidities [53].
The  2023-2025 PNPV  reinforces  previous
recommendations, reaffirming the need to ensure free
pneumococcal vaccination for the cohort of 65-year-olds
and for frail patients of any age [54]. It should be noted
that the right to free vaccination is maintained for life.
Regarding at-risk adults and older individuals, vaccination
with a single dose of PCV is recommended starting from
the cohort of 65-year-olds. The offer should eventually
be supplemented with a sequential vaccination schedule
(PCV/PPSV) depending on the type of PCV used.

For these categories, a minimum coverage target of 75%
and an optimal target of 95% has been established, in
line with the standards already defined for other adult
vaccinations. The stated objective is to harmonize
vaccination uptake across the country, reduce regional
inequalities and ensure adequate protection for the most
vulnerable segments of the population [54].

A cross-sectional study conducted as part of the OBVIOUS
project and published in 2024 analyzed pneumococcal
vaccination coverage in Italy and the barriers limiting
uptake. Conducted in 2022 on a representative sample of
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adults, the survey revealed that coverage among high-risk
adults remained unsatisfactory: only 39.5% of eligible
individuals had been vaccinated, with even lower rates
among those aged 265 years (33.7%). Slightly higher rates
were recorded among patients with chronic conditions
such as diabetes, cardiovascular or respiratory diseases,
but coverage still fell well below the >75% target set by
the national program [55].

Another retrospective study, published in 2024 and
conducted in the Province of Viterbo (Lazio Region,
Italy), investigated the rate of completion of the
sequential pneumococcal vaccination schedule among
65-year-olds. Coverage was extremely low, with only
2.32% of individuals completing the schedule within
two years of turning 65, reaching a peak of just 3.27%
in 2020 [56].

Finally, a study conducted during the 2023-2024
vaccination season at the geriatric outpatient clinic of the
University of Palermo involved 76 frail elderly patients,
who were primarily affected by cognitive or endocrine
disorders such as diabetes and osteoporosis. The aim
was to assess the feasibility and impact of a proactive
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vaccination strategy by directly offering influenza
and pneumococcal vaccines at the clinic. Vaccination
coverage proved encouraging: 46.05% of patients
received only the pneumococcal vaccine, 28.95%
received both vaccines (influenza + pneumococcus), and
25% received only the influenza vaccine [57].

However, it is important to note that the available data
on pneumococcal vaccination coverage in adults and the
elderly come only from local or regional studies, making
it difficult to assess whether the coverage targets set by
the PNPV and the Essential Levels of Care (LEA) have
been achieved.

Key Elements for Choosing the Best
Vaccination Strategy

Maximizing the effectiveness of a vaccination program
in combating diseases related to S. pneumoniae is based
on the integration of three key elements (Fig. 2):

» Epidemiological need;

* Immunological need;

* Vaccine compliance.

EPIDEMIOLOGICAL NEED

The concept of epidemiological need is fundamental
to defining vaccination strategies, as it is linked to
ensuring that a vaccine effectively addresses the needs
of a given population at a specific point in time, taking
into account continuously evolving demographic
characteristics. In the case of pneumococcus, the high
antigenic variability (over 100 serotypes identified),
the dynamics of serotype replacement induced by

Fig. 2. Key elements for choosing the best vaccination strategy.

Epidemiological
need

Best
vaccination
strategy

Immunological

need Compliance

The lack of even one of these three key points
reduces the effectiveness of the vaccination program

the selective pressures of conjugate vaccines, and
the heterogeneity of the population groups affected
require continuous surveillance and regular updating
of preventive strategies [11-13, 58]. Over the years,
serotype replacement has profoundly changed the
epidemiology of IPD and CAP, particularly in the adult
and elderly populations [58].

In the United States, after the introduction of PCV13,
the incidence of IPD cases caused by vaccine serotypes
in adults sharply decreased, displaying a 70% reduction
in those aged >65 years. However, since 2014, no further
reductions have been recorded, and during the 2018—
2020 period, serotypes covered by PCV20 and PCV21
accounted for 54% and 85% of IPD cases in the elderly,
respectively. In Canada, the most prevalent serotype
among individuals aged 265 years in 2022 was serotype
3 (13.3%), followed by 22F (9.9%) and 9N (6.7%), with
PCV20 coverage at 58.5% [59].

According to data from the ECDC, in 2022, cases due
to serotypes not included in PCV13 showed higher
incidence rates in individuals aged >64 years and
children under 4 years old than in other population
groups, with rates of 4.32 and 4.66 per 100,000
inhabitants, respectively [17]. In recent years, European
epidemiological surveillance has revealed that certain
serotypes continue to play a predominant role in causing
invasive disease and CAP [12]. In particular, serotype
3 remains one of the main causes of IPD and CAP in
adults and the elderly [60].

Data from various European and North American
contexts report a considerable portion of cases caused
by serotype 3 (between 12% and 19%) in subjects
aged over 50 [12]. A systematic review analyzed data
from primary studies conducted between 1984 and
2020 in order to gather information on the distribution
of serotypes involved in pneumococcal pneumonia
in adults and the elderly, while also considering the
vaccination strategies in place during the studies. In
all the publications, serotype 3 was the most common
(11.9% of total isolates), with a growing percentage
with increasing age (18.9% in those over 50). The
authors reported that the prevalence of serotype 3
remained high even after the introduction of PCV10/
PCV 13 vaccination [60].

The persistence of this serotype, even though it was
included in earlier-generation conjugate vaccines
(PCV13), may be explained by its particular ability to
evade the antibody response, a feature which contributes
to its greater invasiveness and clinical severity, with
significantly higher fatality rates than those of other
serotypes [61].

At the same time, serotypes 22F and 33F have shown
increasing epidemiological importance, emerging as
frequent causes of invasive disease in adults. Indeed, a
2023 systematic review documented that serotype 22F
accounted for approximately 6-7% of IPD cases not
covered by PCV13 in adults, ranking among the most
common serotypes alongside 8, 12F and 19A [62]. These
findings are consistent with observations from European
surveillance systems, which confirm the rising incidence
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Tab. Il. Serotypes identified in cases of invasive pneumococcal
disease reported to the Italian MIB surveillance system that are
common to both PCV20 and PCV21 vaccines [15, 181.

Serotype 2021 | 2022 | 2023 Aast sczecr’::st er Total
3 41 171 336 183 731
6A 1 3 3 4 11
7F 2 5 8 7 22
8 52 137 | 191 118 498
10A 9 18 31 13 71
1A 8 18 29 13 68
12F 3 1 10 16 30
15B* 5 6 14 14 39
19A 1 43 57 42 153
22F 5 13 51 74 143
33F 0 4 9 9 22
Total 137 | 419 | 739 493 1788

* Serotype included in PCV20. For PCV21, a cross-reactive immune re-
sponse was observed; this was elicited by serotype 15C, which is structur-
ally similar to serotype 15B.

Tab. lll. Serotypes identified in cases of invasive pneumococcal
disease reported to the Italian MIB surveillance system that are
exclusive to PCV20 115, 181.

2024
Serotype 2021 | 2022 | 2023 (1%t semester) Total

1 4 2 8 7 21
) 2 2 8 6 18
5 1 1 1 0 3
6B 1 4 3 0 38
9V 1 1 3 1 6
14 5 15 17 22 59
18C 0 0 2 3 5
19F 7 21 34 18 80
23F 0 2 6 7 15
Total 21 48 82 64 215

Tab. IV. Serotypes identified in cases of invasive pneumococcal
disease reported to the Italian MIB surveillance system that are
exclusive to PCV21 115, 181.

2024
Serotypes | 2021 | 2022 | 2023 (1%t semester) Total
9N 7 21 42 19 89
15A 8 13 30 9 60
15C 1 1 11 16 19
16F 2 3 3 5 13
17F 1 6 8 1 16
20 5 4 9 9 27
23A 13 22 30 31 96
23B 7 24 29 15 75
24F 1 10 22 6 39
31 2 8 13 19 42
35B 0 3 1 3 17
Total 47 115|208 |123 493

of 22F and, to a lesser extent, 33F as causal agents of
IPD in individuals aged 265 years [62].

In Italy, the ISS reported that in 2023, 58% of IPD cases
were covered by PCV20, compared with only 40%
covered by PCV13. Among subjects aged 265, serotype
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8 was the most frequent (15% of isolates), followed by
3, 22F and 33F. This indicates a mismatch between the
vaccine used and the actual burden of disease [15].

An analysis of the data from the Surveillance System
for Invasive Bacterial Diseases for the period 2021-2024
(first half) reveals the most frequently detected serotypes
and allows us to compare them with recent conjugate
vaccine formulations currently available for the adult/
elderly population (PCV20 and PCV21).

Table II lists the S. pneumoniae serotypes detected by
invasive bacterial disease surveillance in Italy during
2021-2024 (first half) [15, 18] that are common to both
PCV20 and PCV21 vaccines.

As shown in Table II, a significant proportion of cases
could potentially be prevented through the use of one of
the latest-generation vaccines.

Surveillance data from 2021-2024 (first half) prompt
further considerations.

Tables IIT and IV report the cases that could potentially
be prevented by the exclusive use of PCV20 and PCV21,
respectively.

As shown in Table IV, the new PCV21 vaccine has been
specifically developed to include emerging serotypes of
significant epidemiological and clinical relevance.

The 2023 specific analysis reveals that, out of 1,783
cases, 734 involved individuals over the age of 64
(41.2%). The estimated coverage with the PCV20
vaccine would be 63.6%, while with the PCV21 vaccine
it would be 76.4%.

The specific analysis of the most recent available data
on invasive disease cases (1st half of 2024) reveals that
a total of 1,152 cases were reported, 58.4% of which
occurred in individuals over 64. If only the data referring
to subjects over the age of 64 are analyzed, the estimated
coverage becomes 68.1% for PCV20 and 78.7% for
PCV21.

The epidemiological need is conditioned not only by
the age of the population but also by its vulnerability.
Patients with immunodeficiencies, asplenia, HIV, or
those who have undergone solid organ or hematopoietic
transplants have a risk of invasive pneumococcal
disease (IPD) that is 5 to 20 times higher than that
of the general population [63]. Indeed, 30-day
mortality in cases of pneumococcal bacteremia among
immunocompromised patients can exceed 25%, as
opposed to 10-15% in the general population [64].
The 2023-2025 National Immunization Plan (PNPV)
therefore explicitly includes vulnerable individuals
among the priority groups for vaccination, regardless
of age, setting a minimum coverage target of 75% [54].
This measure addresses a clear epidemiological need to
protect the groups at highest risk, in whom the expected
benefit is greatest in terms of reducing hospitalizations
and mortality. In summary, the persistence of serotype
3 and the emergence of new serotypes highlight the
importance of ongoing epidemiological surveillance
and the continuous updating of vaccination strategies.
The inclusion of emerging serotypes in next-generation
vaccines is a crucial step in further reducing the burden
of pneumococcal disease among adults and the elderly
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— populations that are particularly vulnerable to this
disease and its complications.

IMMUNOLOGICAL NEED

Immunogenicity constitutes the second pillar
underpinning efforts to achieve “better protection”.
The vaccine of choice must induce an antibody
response that is at least non-inferior to that of the
reference comparator, thereby ensuring a comparable
or superior efficacy profile across the age-groups and
risk categories targeted by the vaccination program.
PCVs (pneumococcal conjugate vaccines) were
developed to overcome the limitations of purified
capsular polysaccharides, which elicit a T-cell-
independent immune response that is poorly effective
in young children and incapable of generating
immunological memory [65]. The addition of a
protein carrier (e.g., CRM197, a non-toxic mutant of
diphtheria toxin) converts the polysaccharide antigen
into a T-cell-dependent immunogen that is capable
of stimulating helper T cells, generating memory B
cells and ensuring a stronger anamnestic response.
This mechanism enhances long-lasting protection and
reduces nasopharyngeal carriage, leading to herd
immunity [66].

The introduction of PCV13 in children, and later also
in the adult/elderly population, marked a turning point.
However, as cases of IPD caused by vaccine-included
serotypes declined, an increase in disease caused
by non-vaccine serotypes was observed.

Another phenomenon emerged during the PCV13
vaccination campaigns; protection against serotype
3 proved to be suboptimal, with immunity waning over
time. Several studies have documented lower antibody
titers and lesser clinical effectiveness against this
serotype, which remains a leading cause of CAP and
invasive pneumococcal disease (IPD) in adults [24].
These findings have highlighted two critical aspects
of immunogenicity; it must be evaluated not only
in quantitative terms (antibody titers), but also
in qualitative terms (opsonophagocytic activity and
duration of protection).

The main correlate of protection against IPD is OPA
(opsonophagocytic activity), which measures the ability
of antibodies to mediate phagocytosis and bacterial
killing. OPA titers 21:8 are generally considered
protective, although the exact threshold may vary by
serotype [67]. Capsular IgG antibodies (measured
by enzyme-linked immunosorbent assay - ELISA)
are useful, but not always predictive of protection.
For example, serotype 3 can induce high IgG levels
with low opsonophagocytic activity, which explains the
suboptimal protection observed [68].

The two most recent conjugate vaccines currently
available for the adult/elderly population (PCV21 and
PCV20) meet the non-inferiority criteria for shared
serotypes (vs. PCV13) and display superiority for the
additional ones — reinforcing the rationale for their
adoption. It should be noted, however, that in the non-
inferiority study of PCV20 vs PPSV23, PCV20 did

not meet the non-inferiority criterion for serotype
8 [47].

COMPLIANCE NEED

The parameter associated with adherence to the

vaccination program plays a crucial role.

To achieve asignificant public health benefit, itis essential

to reach and maintain vaccination coverage levels in line

with the targets set by the National Immunization Plan,

i.e. 75% or higher in adults and the elderly.

With regard to pneumococcal vaccination, “compliance”

goes beyond individual adherence to recommendations:

it is a key element of Public Health. Indeed, it reflects
the system’s ability to translate epidemiological needs
and the immunological potential of vaccines into real,
sufficiently high coverage rates capable of generating

a collective impact. Compliance is therefore not only

a responsibility of individual citizens but also of health

institutions, which must ensure that vaccination pathways

are accessible, free of charge and actively promoted.

In this context, strategic planning must include multiple

actions implemented through a multidimensional

approach. Desirable measures include:

* Integrating vaccination pathways into both primary
care and specialist care settings;

» Strengthening the active role of general practitioners
and medical specialists;

* Launching information campaigns to raise public
awareness of pneumococcal risks and the benefits of
vaccination, also by enlisting the support of patient
associations;

* Enhancing training programs for
professionals;

* Improving digital systems for tracking vaccination
coverage.

In summary, adequate professional training, proper public

awareness, efficient local health service organization,

and continuous monitoring of coverage rates are key
means of ensuring broad and equitable protection.

These efforts will help reduce the clinical, social and

economic burden of pneumococcal diseases, especially

in the context of Italy’s aging population.

healthcare

Conclusions

Infections caused by Streptococcus pneumoniae
constitute a significant public health challenge both
globally and locally, as they are associated with a
substantial burden of morbidity and mortality in the
general population — particularly among young children
and the elderly.

Patients over the age of 65 are especially vulnerable to
pneumococcal diseases, owing to age-related changes in
the immune system and a higher prevalence of chronic
conditions. Therefore, they are a primary target for
vaccination programs.

The emergence of serotypes that are poorly covered
by current vaccines, combined with the significant
incidence and severity of disease, calls for a reassessment
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of the adequacy of existing vaccination strategies,
especially in adults. A dynamic vaccination strategy is
required — one that can adapt to serotype replacement, a
phenomenon driven by the very vaccination campaigns
themselves [69].

From an epidemiological perspective, it is essential
that the vaccine of choice provides broad and optimal
protection against the serotypes most responsible for
disease in the target population, in alignment with
surveillance data.

From an immunological standpoint, the vaccine chioce
should induce an immune response that is at least non-
inferior to the comparator, and ideally, more robust and
long-lasting.

Regarding compliance, all possible strategies must be
activated in order to raise public awareness of the risks
of pneumococcal disease and the benefits of vaccination,
SO as to increase coverage rates.

The absence of even one of the three above-mentioned
pillars — epidemiological need, immunological strength
and compliance — reduces the overall impact of the
vaccination strategy and may have consequences both
on the incidence of pneumococcal diseases and on the
associated economic and social burden.

A thorough analysis of epidemiological and clinical data,
combined with an assessment of the economic and social
impact, is crucial to guiding vaccination policies and
supporting efficient decision-making in order to protect
the health of the entire population. An additional factor
that makes the strengthening of vaccination campaigns
even more urgent is the fight against antimicrobial
resistance. Indeed, a major contributor to the significant
burden of pneumococcal disease is growing resistance
to the commonly used antibiotic therapies — such as
beta-lactams and macrolides — with resistance rates
exceeding 20% in Southern Europe [70-72].
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