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Executive Summary

Purpose of this review

This review of evidence aims to assess the benefits of the vaccination of adults with underlying health
conditions against pneumococcal disease. It has two main focuses:

e to consider whether there are additional indications or age groups with high burdens of
disease, for which pneumococcal vaccination is not routinely recommended or is not funded
as part of an extended immunisation programme for special groups in New Zealand

e to evaluate the use of higher valency pneumococcal conjugate vaccines in adults and their
potential to replace 23-valent pneumococcal polysaccharide vaccine (23PPV) and the 13-
valent pneumococcal conjugate vaccine (PCV13).

It draws on literature published between January 2019 and June 2026 and examines epidemiology,
systematic reviews, disease burden and vaccine effectiveness, published clinical trial data on vaccine
safety and immunogenicity, and international experience. This information will support the National
Immunisation Programme and updates to the Immunisation Handbook in New Zealand. Due to
resource constrains, this is a rapid review, not a systematic review, and the quality of the evidence
has not been formally graded. Cost-benefit analyses are beyond the scope of this review. It was
commissioned as part of a contract for services between the Immunisation Advisory Centre at the
University of Auckland and Health New Zealand | Te Whatu Ora to address certain questions about
pneumococcal vaccination in adults with the potential introduction of higher valency pneumococcal
conjugate vaccines (PCVs). The opinions and interpretations of the literature presented are solely
those of the author.

Burden of pneumococcal disease
Key findings

e The burden pneumococcal disease in New Zealand is shaped by age, multimorbidity, ethnic
and socioeconomic inequities, and evolving serotype patterns.

e Young children and oldest adults are the most affected, particularly those of Maori and
Pacific ethnicity.

e Non-invasive pneumococcal pneumonia is not notifiable but likely to contribute significantly
to the burden of pneumococcal infections.

Pneumococcal disease remains a significant public health issue in New Zealand, with the burden
concentrated in specific age and population groups despite vaccination efforts. Pneumococcal
infections range from mild infections, such as otitis media and sinusitis, to localised non-invasive
pneumonia, and severe invasive infection (invasive pneumococcal disease) in normally sterile body
cavities resulting in bacteraemic pneumonia, sepsis and meningitis. Overall, the burden of
pneumococcal disease in New Zealand is shaped by age, multimorbidity, inequities affecting Maori
and Pacific populations, and evolving serotype patterns. Although not clearly documented, IPD is likely
to be the tip of the iceberg for pneumococcal disease burden in adults. While vaccination has reduced
disease incidence, particularly in young children, persistent adult burden and disparities highlight the
need for broader, risk-based vaccination strategies and improved prevention measures.

Vi
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Highest burden in older adults and young children, with strong role of comorbidities

In New Zealand, invasive pneumococcal disease (IPD) occurs most frequently in adults aged 65 years
and over, who accounted for the largest number of cases in 2025, with similar incidence rates to
infants aged under 2 years. The rate of IPD in adults aged over 75 years exceeds that in young children
for whom vaccination is available. Risk increases markedly with age, immunosenescence and the
presence of comorbidities, particularly when multiple conditions and risk factors coexist (“risk
stacking”), which can elevate risk to levels comparable to traditional high-risk groups.

In older adults, an underestimated, vaccine-preventable cause of hospitalisation due to pneumococcal
infections is non-bacteraemic pneumococcal pneumonia (also known as community-acquired
pneumococcal pneumonia).

Significant ethnic inequities in disease burden

Maori and Pacific peoples experience disproportionately high rates of IPD across all age groups. In
2025, IPD incidence in Maori and Pacific adults aged 50 years and older was 3-5 times higher than in
non-Maori/non-Pacific populations. These disparities widen as IPD incidence increases in older age
groups: Maori and Pacific adults aged 75 years and over are four- and five-times greater risk of IPD.
These inequities are linked to a higher prevalence of comorbidities in younger ages, socioeconomic
deprivation, and increased exposure to transmission risks (e.g., multigenerational households).

Changing epidemiology and ongoing serotype-related challenges

Although pneumococcal vaccination has reduced the overall disease burden, New Zealand has
experienced shifts in disease patterns due to vaccine schedule changes and serotype replacement. A
rise in serotype 19A followed the recent use of PCV10, particularly affecting infants and later older
adults via transmission. While reintroduction of PCV13 reduced disease in children, adult disease
persists. A substantial proportion of adult IPD cases are caused by serotypes covered by higher-valency
vaccines (e.g., 23PPV, PCV20 and PCV21), indicating ongoing gaps in protection.

Persistent transmission despite indirect (herd) protection

Childhood immunisation provides some indirect protection to adults, but this is incomplete and varies
due to serotype replacement and transmission dynamics. Evidence suggests that indirect effects may
be plateauing in some settings, with continued disease in susceptible adults being driven by specific
serotypes and possible transmission from both young children and young adults.

Special groups at increased risk of pneumococcal disease

Key findings
e Adult groups currently funded pneumococcal vaccinations remain at highest risk of IPD.
e Multimorbidity substantially increases the burden of pneumococcal disease.
e The burden is substantial in adults with chronic illness before the age of 65 years.

e Community-acquired (non-invasive) pneumococcal pneumonia increases the risk for adverse
cardiovascular outcomes and those with underlying cardiovascular disease are at high risk of
IPD.

e Severe outcomes are also seen in those with chronic diseases not currently indicated for
funded pneumococcal vaccines.

vii
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Individuals with immunocompromising conditions remain at the highest risk of IPD and pneumococcal
immunisation programmes typically target these recognised immunocompromised cohorts. Growing
evidence shows that the health burden is also driven by individuals aged under 65, living with non-
immunocompromising chronic diseases not eligible for pneumococcal vaccination. Risk increases
further when multiple comorbidities are present.

Bidirectional impact

The relationship between pneumonia and chronic conditions is highly bidirectional: an acute
respiratory infection acts as a systemic catalyst to induce organ damage and inflammation; while
preexisting chronic diseases simultaneously accelerate infection severity, double bacteraemia rates
and multiply the odds of severe outcomes. Patients with chronic respiratory disease, liver disease and
cardiovascular disease experience particularly severe outcomes, including greater risk of
hospitalisation, bacteraemia, heart failure and death.

Role for pneumococcal vaccination

Pneumococcal vaccination can help to prevent pneumococcal infections and their downstream
complications in these ‘at increased risk’ groups. Beyond reducing the risk of pneumonia and invasive
disease, vaccination has been associated with lower rates of cardiovascular events, including acute
myocardial infarction, stroke and all-cause mortality in older adults. Evidence also suggests
vaccination may reduce hospitalisations in patients with COPD and cardiovascular disease. These
broader benefits support the use of pneumococcal vaccination as an important preventive strategy in
individuals with chronic health conditions, particularly those with multimorbidity who are at elevated
risk of severe disease and long-term complications.

Pneumococcal pneumonia and IPD cases could also be reduced by encouraging greater uptake of
vaccines against viral respiratory infections such influenza, respiratory syncytial virus and COVID-19,
particularly in adults with multiple comorbidities, and close contacts within multi-generational homes
or residential care facilities.

Risk factors

From the literature, there appears to be three tiers of risk factors for IPD.

1. High risk due to moderate to severe immunocompromise: unable to prevent invasive
infections or conditions where infections can more readily access normally sterile
compartments, including primary immunodeficiencies and HIV infection, asplenia,
haematological malignancies, cerebrospinal fluid leakage, kidney disease requiring dialysis,
transplant recipients, Down syndrome/Trisomy 21 (including adults).

2. Increased risk due to underlying chronic medical conditions that facilitate opportunistic
infections or in whom infections can progress to become invasive: such as congestive heart
failure, chronic respiratory diseases like cystic fibrosis, bronchiectasis and COPD, moderate
immunosuppression, chronic liver disease, diabetes mellitus, neurological diseases and
vascular diseases like cerebrovascular and ischaemic heart diseases. These are amplified by
increasing age. The risk of IPD increases with two or more underlying conditions to match the
risk for tier 1. The absolute risk is greatest with increasing age over 65 years, particularly with
increased frailty, but for those with multiple comorbidities aged under 65 years, the relative
risk is greater.

viii
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3. Potential risk due to pneumococcal coinfections following respiratory virus infection.
Preventing viral infections such as influenza, respiratory syncytial virus (RSV), COVID-19 can
help to reduce the risk of pneumonia and cardiovascular events, which in turn, lower the risk
of IPD, heart failure and hospitalisation that can lead to increased frailty. Risk groups include
individuals with a chronic medical condition, but also those with obesity, a risk for
exacerbation of respiratory disease such as asthma, with certain lifestyle factors (eg smoking,
alcoholism), and environmental factors, such as housing conditions, occupational risks,
pollution or passive smoking. Multiple coexisting factors increase the risk.

Generally, tier 1 conditions are eligible for pneumococcal vaccination in New Zealand, alongside
seasonal influenza and COVID-19 vaccines, but eligibility differs between PCV13 and 23PPV and adults
or children. Tier 2 conditions are unable to access funded pneumococcal vaccination and are likely to
benefit from protection against more opportunistic serotypes. Tier 1 and tier 2 are generally funded
seasonal influenza vaccine and all adults over 30 years are eligible for variant-matched COVID-19
vaccines. Although an RSV vaccine is available, it is not yet funded.

Higher valency pneumococcal vaccines

The evidence for the use of new, higher valency pneumococcal vaccines was considered. These
vaccines are not yet approved for use in New Zealand and there is limited real-world use of them
internationally. Much of the data presented is from pivotal clinical trials in which efficacy is inferred
by immunogenicity data.

Vaccine safety

Key findings

e Across clinical trials and post-licensure surveillance, PCV20 (Prevenar® 20, Pfizer) and PCV21
(Capvaxive®, MSD) demonstrate favourable and consistent safety profiles across age groups.

e Safety profiles of PCV20 and PCV21 are comparable with those of PCV13 and 23PPV

Common adverse events include mild to moderate injection-site pain and systemic symptoms (e.g.
myalgia, fatigue). Older adults generally reported fewer adverse events than younger adults. Fever is
uncommon and was reported by less than 1-2% of recipients. No serious adverse events reported
during clinical trials have been considered vaccine related. Real-world passive safety surveillance
reports to the US Vaccine Adverse Events Reporting System (VAERS) were consistent with trial
findings; a possible Guillain—Barré syndrome signal is under investigation, but rates remain low and
within expected background levels.

Higher-valency PCVs with modified carrier proteins have shown similar safety profiles to the licensed
pneumococcal vaccines during early-stage clinical development in adults.

Immunogenicity

Key findings

e PCV20 and PCV21 elicit robust, functional immune responses across all included serotypes,
meeting non-inferiority criteria compared with existing vaccines.

e PCV20: non-inferior to PCV13 for shared serotypes and to 23PPV for most additional
serotypes; strong opsonophagocytic (OPA) antibody responses seen across age groups
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e PCV21: non-inferior to PCV20 for shared serotypes and superior for most unique serotypes,
suggesting broader protection

e Responses are maintained across age groups and in adults with chronic conditions (clinical
trials excluded immunocompromise)

e Limitations of immunogenicity data include the absence of defined immune correlates of
protection for each serotype and reliance on immunobridging rather than clinical endpoints.

During clinical trials, immunogenicity is assessed by measuring serotype-specific antibody responses
(functional antibody opsonophagocytic activity and serum immunoglobulin G titres) and compared
with antibody titres from pivotal clinical trials of older PCV vaccines (PCV7 and PCV13) to demonstrate
non-inferiority and infer efficacy.

PCV20

Across multiple phase 3 clinical trials, PCV20 demonstrated a broad, functional immune response to
all 20 pneumococcal serotypes and was consistently non-inferior to PCV13 for shared serotypes. Only
serotype 8 missed the non-inferiority criteria compared with 23PPV in older adults, but the immune
response was considered robust with at least a four-fold rise in functional antibody titres in most
participants.

The immune response to PCV20 in non-immunocompromised adults at increased risk of
pneumococcal disease was like that seen in healthy groups; however, the clinical trials excluded
individuals who were immunocompromised who are a significant risk group for IPD. No impact on
immunogenicity was seen for either vaccine when PCV20 is coadministered with mRNA COVID-19
vaccines.

PCVv21

When compared with PCV20 or 23PPV, PCV21 induced robust antibody responses to shared and
unique serotypes in a range of adult age groups. It is likely to provide broader protection against
serotypes currently covered by PCV13 and 23PPV.

Vaccine effectiveness and potential impact

Key findings
e Real-world effectiveness data is limited for these vaccines

e PCV20 shows moderate effectiveness against IPD and pneumococcal pneumonia in older
adults, including immunocompromised groups. Greater effect seen against all-cause
pneumonia and lower respiratory tract infections.

Limited real-world evidence for PCV20 shows moderate vaccine effectiveness of around 25% against
IPD and around 23% against pneumococcal pneumonia, with larger population impact for broader
outcomes such as all-cause pneumonia. A large retrospective cohort study in adults aged 65 years and
over found absolute reductions are small for IPD but substantial for pneumonia and lower respiratory
tract infections, particularly in high-risk groups. For example, larger effects were shown in higher-risk
groups, with 1.3-2.4 times higher absolute rate reductions in those with immunocompromise or
chronic conditions. One study in individuals with inflammatory bowel disease on immunosuppressive
treatment reported PCV20 to be associated with a 50% reduction in pneumonia and severe outcomes,
though confounding is likely.
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A modelling study in the UK suggested that targeted vaccination of high-risk groups could be more
efficient in older adults than a universal age-based vaccination programme. PCV20 given to new aged-
care residents was projected to have a greater impact than 23PPV given as a universal age-based
strategy from 65 years.

At the time of writing, no real-world effectiveness evidence was available for PCV21.

Conclusions

Pneumococcal disease in adults is driven by age, multimorbidity and inequity. Newer conjugate
vaccines (particularly PCV20 and PCV21) offer broad protection with good safety and immunogenicity
profiles. Early real-world evidence indicates meaningful reductions in disease, especially for common
outcomes like pneumonia. Current, but limited evidence, suggests that targeted vaccination strategies
for high-risk groups, such as in aged-care facility residents, are likely to deliver the greatest health
impact and efficiency for immunisation programmes.

Summary table of key findings

Burden of pneumococcal disease

High IPD risk over age 65 years and particularly
aged over 75 years; strong additive effect from
multimorbidity; marked ethnic inequities

Accumulated risk at a younger age for adults
with heart and other organ failure, vascular
disease, chronic respiratory disease.

Three tiers of risk have emerged: high risk,
increased risk and potential risk with viral
coinfections.

Non-invasive pneumococcal pneumonia is an
underestimated health burden in adults.

Higher valency pneumococcal vaccines

Safety

Immunogenicity

Effectiveness

Programme
impact

PCV20 and PCV21 are well tolerated; mostly
mild—-moderate AEs; no vaccine-associated SAE.

Robust responses; PCV20 non-inferior to
PCV13; PCV21 broader coverage for adults

Moderate VE (~25% against IPD); strong impact
on pneumonia; higher benefit in high-risk
groups

Targeted strategies could be more efficient
(fewer need to be vaccinated for impact);
PCV20 benefit greater than 23PPV

Supports targeting high-risk groups, including age-
care residents, and addressing access inequities

Increased benefits of pneumococcal vaccination in
those with multiple comorbidities, including ages
<65 years.

Further study of pneumococcal risk in adults is
required. Encourage greater uptake of respiratory
viral vaccines, like influenza, across all risk groups

Much of the public health benefit of adult
pneumococcal vaccination is likely to come
through preventing non-bacteraemic
pneumococcal pneumonia

No major safety barriers to programme expansion

Supports transitioning to higher-valency PCVs

Population benefit driven by common
pneumococcal disease outcomes rather than IPD
alone

Incorporate risk-based or hybrid strategies

Xi
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Recommendations for the New Zealand immunisation programme

Recommendation Details

Adopt a higher-valency PCV (e.g. e Likely to provide broader coverage and greater impact than 23PPV.

PCV20 or PCV21) for adult

programmes

Prioritise high-risk populations e Focus on individuals with multimorbidity and residents of aged-care

facilities, as well as current immunocompromised groups.

e Employ targeted strategies where efficiency (number needed to be
vaccinated) is substantially improved.

Address inequities in access and e Improve vaccine delivery for older Maori and Pacific populations and those
uptake with chronic diseases.

e Integrate vaccination into routine care settings (e.g. dialysis units, specialist
clinics).

e Simplify vaccination schedules as much as possible.

e Align with international trends toward single-dose PCV strategies to improve
uptake.

Continue surveillance and evaluation e Monitor serotype replacement and long-term effectiveness.
e Include pneumonia hospitalisations in evaluation of impact.

e Evaluate the incidence of pneumococcal disease in adults aged under 65

years
Support integrated respiratory e Promote uptake of influenza, COVID-19 and RSV vaccines to reduce co-
disease prevention strategies. infection risk in those at risk of complications and more widely to reduce

community and household transmission of these viruses.

e Assess the potential impact of pneumococcal vaccination on non-invasive
pneumococcal infections, such as community-acquired pneumonia and all-
cause pneumonia hospitalisations.

e Offer vaccination to those with heart failure, vascular diseases like ischaemic
heart disease and cerebrovascular disease, chronic respiratory disease and
chronic liver disease.

Coadminister pneumococcal vaccine e If routinely offered at age 65 years and over, co-administer with other
with other vaccines funded vaccines offered at that age, such as zoster, influenza and Tdap
vaccines.

Outstanding questions

Real-world evidence on safety and effectiveness of PCV20 (Prevenar 20) and PCV21 (Capvaxive) is just
emerging. Any impacts of immunisation on IPD rates will be slow to emerge through epidemiological
surveillance.

This review was unable to determine whether vaccination should be offered for all adults aged 65
years and over or to continue to target the high-risk groups already funded PCV13/23PPV vaccinations.
However, evidence suggests expansion of eligibility to additional adult groups and to elderly adults.
These include adults with multimorbidity, regardless of age, with congestive heart failure, ischaemic
heart disease, chronic liver disease or chronic respiratory disease, as well as residents of aged-care
facilities and other frail adults. Monitoring pneumococcal pneumonia hospitalisations would be a
useful to assess the potential vaccine impact in adults but more challenging than IPD notifications to
obtain.

Surveillance of predominant serotypes would determine whether either PCV20 or PCV21 provides
better protection to high-risk groups and older adults, particularly when the PCV20 programme is
underway in infants. PCV21 has a similar serotype coverage to 23PPV, providing additional protection
against serotypes not covered by PCV20, particularly against less invasive, opportunistic serotypes
more likely to cause disease in adults with weakened immune responses.

Xii
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Introduction

This review of evidence aims to assess the benefits of vaccination against pneumococcal disease in
adults with underlying health conditions. It has two main focuses:

e to consider whether there are indications or age groups for which pneumococcal vaccination
is not routinely recommended or funded as part of an extended immunisation programme
for special groups

e to evaluate the use of higher valency pneumococcal conjugate vaccines in adults and their
potential to replace pneumococcal polysaccharide vaccine (23PPV) and the 13-valent
pneumococcal conjugate vaccine (PCV13).

It draws on literature published between January 2019 and June 2026 and examines epidemiology,
systematic reviews, disease burden and vaccine effectiveness, published clinical trial data on vaccine
safety and immunogenicity, and international experience. This information will support the National
Immunisation Programme and updates to the Immunisation Handbook in New Zealand. Due to
resource constrains, this is not a systematic review and the quality of the evidence has not been
formally graded. Cost-benefit analyses are beyond the scope of this review. It was commissioned as
part of a contract for services between the Immunisation Advisory Centre at the University of
Auckland and Health New Zealand | Te Whatu Ora to address certain questions about pneumococcal
vaccination with the potential rollout of higher valency pneumococcal conjugate vaccines (PCVs) in
adults. The opinions and interpretations of the literature presented are solely those of the author.

Key questions considered for this review are:

e Would broadening the eligibility for pneumococcal vaccination benefit those with underlying
chronic diseases, such as vascular diseases and respiratory diseases?

e Should pneumococcal vaccination be offered to adults with multiple comorbidities that
individually are currently not eligible for funded vaccine under the extended pneumococcal
immunisation schedule?

e Do PCV20 or PCV21 provide additional benefits over the current pneumococcal vaccines
(PCV13 and 23PPV) for adults at high risk of invasive pneumococcal disease?

e  Willintroducing PCV20 to the childhood Schedule provide any indirect protection to adults?

e Should PCV20 or PCV21 be used in a universal age-based programme, such as those aged
over 65 or 75 years?

e Would PCV21 provide better serotype coverage than PCV20 in adult groups?

Burden of pneumococcal disease in adults

Age and comorbidities are important factors for increasing the risk of invasive pneumococcal disease
(IPD) and community-acquired pneumonia (CAP). Infections with the most invasive serotypes are
more commonly seen in younger people with few comorbidities, whereas the low invasive types are
more opportunistic, infecting those with multiple comorbidities and older age.?

A previous review of evidence? found two classifications of risk in both children and adults in the
literature, namely:
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e high-risk conditions, for which there is a significant risk from pneumococcal infection and IPD

e ‘at-risk’ conditions, which on their own may not significantly increase risk, but when
combined with or without life-style risk factors can increase an individual’s likelihood of
developing IPD.

Patients with comorbidities affecting the respiratory system and the immune system are particularly
at high risk of IPD and death. Chronic respiratory disease, particularly chronic obstructive pulmonary
disease (COPD), cystic fibrosis and lung cancer, is associated with impaired respiratory immunity and
increased infection risk. In the New Zealand context, bronchiectasis in an important cause of chronic
respiratory disease, with high rates starting in childhood. Compromised immunity is a significant risk
factor in opportunistic infections like pneumococcus.

Other, non-immunocompromising conditions can increase the risk of community-acquired
pneumonia (CAP or non-bacteraemic pneumococcal pneumonia), and in some cases can progress
further to become invasive bacteraemic pneumonia. The incidence of pneumococcal-associated
disease is likely to be underestimated due to CAP, which unlike IPD is not notifiable unless it
progresses to be invasive. Non-immunocomproming risk factors include chronic liver disease,
diabetes and cardiovascular disease and previous pneumonia. 3

Pneumococcal disease in older adults

As individuals age, waning immune responsiveness and comorbidities increase the risk for
pneumococcal disease. Infections in older patients with multiple comorbidities are likely to be less-
invasive opportunistic serotypes.?

The concept of ‘risk stacking’ is highly relevant in older adults as the prevalence of comorbidities
increases. For example, the high incidence of cardiovascular disease, chronic liver disease, diabetes
and lung disease in those aged over 65 years adds to the IPD risk in older people. Almost half of the
IPD cases in the over 65-year age group reported in the UK had at least one risk factor, the most
common being cardiovascular disease.*

Pneumococcal disease in other adults

Younger adults with multiple comorbidities and lifestyle or environmental factors can also be at
increased risk of IPD. The risk of life-threatening pneumococcal infections in children and adults with
two or more comorbidities is as high as in those with a recognised high-risk condition, and those
with three or more risk conditions were at substantially higher risk than those with a ‘high-risk’
condition.? As reported in our previous review,? the risk of IPD for adults aged 50 — 64 years with a
single non-immunocompromising medical condition was found to be twice that of the general
population.> ® The US-based study found that for adults aged 18 — 49 years, the rate of all-cause
pneumonia doubled in those with one underlying condition and was six times higher in those with
three or more conditions.> ® In adults aged 50 — 59 years, the rate ratio increased from 1.7 to over 5
with three or more conditions.”

Multiple risk factors are particularly applicable for Maori or Pacific peoples, in whom underlying
conditions such as obesity, cardiovascular disease or diabetes generally present at a younger age
than for European and Asian adults. Other factors increasing the risk of pneumococcal disease are
living with poverty and in crowded, multigenerational houses with young children who bring
respiratory viruses to the household.
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See Review of literature - special groups section below for further details and more recent evidence
around risk groups.

Summary

Age, comorbidity burden and pneumococcal serotype characteristics are major determinants of risk
for invasive pneumococcal disease and community-acquired pneumonia. Highly invasive serotypes
are more commonly associated with younger, otherwise healthy individuals, whereas opportunistic
serotypes predominate in older adults and those with multimorbidity.

Risk from pneumococcal disease increases substantially in those with chronic respiratory,
cardiovascular, metabolic and immunocompromising conditions. Risk rises further with accumulating
comorbidities, often equalling or exceeding that of traditionally defined high-risk groups.
Immunosenescence and multimorbidity drive a disproportionate disease burden in older adults,
while younger adults with multiple conditions also experience markedly increased risk and
associated health inequities. Although immunocompromising conditions confer the greatest relative
risk, cumulative multiple comorbidities amplify susceptibility and reduce the independent effect of
age alone. Despite this, age remains an important risk factor for adverse outcomes when combined
with frailty and multimorbidity. These findings supporting vaccination strategies based on overall
risk burden rather than age alone.

Epidemiology in New Zealand

This section considers the incidence and burden of invasive pneumococcal disease and
pneumococcal infections in Aotearoa New Zealand (NZ) over recent years. IPD is a notifiable disease,
cases are reported to EpiSurv and analysed by the Institute of Public Health and Forensic Science
(PHF Science).

A seasonal pattern is common with peaks in IPD incidence coinciding with winter / early spring
months, associated with increases in influenza and other seasonal respiratory viruses. See Figure 1.

Figure 1: Number of invasive pneumococcal disease cases by month and year in New Zealand
(Source PHF Science, to 31 July 2026)
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From 1 January to 31 July 2026, out of 357 IPD notifications, 19 (5%) were aged under 5 years, 172
cases (48%) were aged 5 — 64 years and 166 cases (46%) were aged 65 years and over. Half of these
were of M3ori or Pacific ethnicity (104 and 75/341 with known ethnicity).

For the latest published data see the Invasive Pneumococcal Disease dashboard and for monthly and
annual reports see PHF Science Digital library.



https://www.phfscience.nz/digital-library/invasive-pneumococcal-disease-dashboard/
https://www.phfscience.nz/digital-library/?q=IPD&sortBy=DateLatest&expertise=Public%20health&focusArea%5B0%5D=Public%20health%20%3E%20Health%20intelligence%20and%20disease%20surveillance&topic%5B0%5D=Public%20health%20%3E%20Health%20intelligence%20and%20disease%20surveillance%20%3E%20Invasive%20Pneumococcal%20Disease&researchType%5B0%5D=reportItem
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Influence of changing vaccination schedules

Pneumococcal conjugate vaccines have been highly effective at reducing IPD incidence overall. But
unlike trends in countries that continually used PCV13, the predominance of serotype 19A
pneumococcal disease in New Zealand highlighted the risks of inadequate serotype coverage (see
Figure 2).

Figure 2: Invasive pneumococcal serotypes, 2014 - 2025 (PHF Science, IPD annual report 2025)
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Uniquely, the New Zealand National Immunisation Schedule (childhood Schedule) has twice
switched between PCV10 and PCV13 since 2011. Following further changes — firstly from a three-
dose primary schedule with PCV13 to PCV10 in 2017, and then to a two-dose primary PCV10
schedule in 2020 — New Zealand experienced a marked rise in IPD in infants aged under 2 years (as
shown in Figure 3).”-8 Cases in older adults subsequently continued to increase from 2023,
particularly in adults age 75 years and over.

Figure 3: Rates of invasive pneumococcal disease by age group, 2014-2025 (PHF Science, dotted
lines indicate years of Schedule changes)
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Figure 4: Serotype 19A invasive pneumococcal disease by age group, rate per 100,000, 2014-2024
(ESR, IPD annual report 2024)

an

r:

Rate per 100,000

=

] il
& £
£ £

Year

AgeGmps — <2 Zind — 5084 — 265

Figure 4 shows that the spike in cases in infants during 2022 (blue line) was echoed by an increase in
serotype 19A IPD in adults aged 265 years from 2023 (red line), likely due to higher nasopharyngeal
carriage and transmission from young children. Although a rapid decline was seen in the vaccinated
infant cohort in 19A IPD following PCV13 reintroduction in late 2022 (from a peak of 70% in 2022 to
19% in 2024), the continued increase during 2023 in older adults (to 33%) underscored the
importance of continual monitoring and appropriate vaccine selection for sustained population
protection. By 2025, the proportion of 19A in adults aged =65 years had fallen to 16%.°

Invasive pneumococcal disease incidence in 2025

During 2025, the bulk of the IPD cases were in adults aged over 65 years (326 / 720 cases), but the
incidence rates were similar between infants and older adults (31.9 vs 36.2 per 100,000 population;
see Table 1). The rate of IPD in adults aged 265 years has been increasing since 2020. Some of these
data were supplied by PHF Science directly and are to be considered as provisional. Where indicated,
data was also published in the finalised 2025 IPD report published on 30 July 2026.°

Table 1: Number and rate (per 100,000 population) of invasive pneumococcal disease cases
notified in 2025, by age and ethnicity (source PHF Science 2026)

Age group ‘

<2 years 2—-4 years 5-14 years 15-29 years 30-49 years | 50-64 years | 265 years Total by
Ethnicity ethnicity

No. rate rate rate rate rate rate No. rate
Asian 6 248 7 193 4 3.2 3 15 7 1.8 3 2.5 14 18.4 a4 4.5
European/ 4 8.3 4 5.5 9 3.0 16 3.2 41 5.4 67 10.3 207 285 348 11.4
Other
Maori 22 63.8 5 9.7 4 2.2 21 9.0 39 174 62 47.8 65 93.7 218 23.6
Pacific 6 503 4 224 4 6.1 9 8.8 17 169 29 57.0 38 136.4 | 107 28.4
People
Total by 38 319 20 11.2 21 3.1 49 4.8 104 7.0 162 17.1 326 36.2 717 135
age
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Across all ethnicities, the rates continue to increase between those aged 65 — 74 and in those aged
75 years and over (27.5 to 45.7 per 100,000) and were much higher than for adults aged 30 — 49 and
50 — 64 years (7.0 and 17.1 per 100,000 population; data provided by PHF Science).

People of Maori and Pacific ethnicity are disproportionately affected by IPD (see Figure 5), across all
age groups. Rates of IPD are notably high in the under 2-year-old children and rise markedly from
age 50 years. The incidence of IPD in Maori and Pacific adults aged 50 — 64 years and 65 years and
over were three to five times higher than for European/Other/MELAA adults. With a high incidence
of IPD in older adults, the discrepancy by ethnicity is even greater in those aged over 75 years (see
Figure 6). Compared with European and other ethnicities, the IPD rates were also five times higher in
elderly adults of Pacific ethnicities and four times higher for Maori.

Figure 5: Rate of invasive pneumococcal disease notification, by age and ethnicity, 2025 (data
source PHF Science)
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Figure 6 Rate of invasive pneumococcal disease notifications in adults, by age and ethnicity 2025
(data source PHF Science)
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Predominant serotypes

Table 2 shows the serotypes of isolates collected from IPD cases by age group from age 5 years
(noting that it does not include cases aged under 5 years). In these age groups, 19 cases isolates
were not serotyped and there was one non-typeable case. The table shows a large proportion of
cases in 2025 would have been covered by PCV20: 264/336 (78.5%) aged 5-64 years and 215/326
(66%) ages =65 years. For those aged 65 and over, an additional 73 cases (22%) had PCV21-specific
serotypes.

Figure 7 shows how the rates of PCV13-type IPD have changed with time since 2017 and the
additional types included in PCV20. See Table 3 for serotypes covered by each vaccine. PCV20
serotypes have increased in both young children and older adults.

Table 2 IPD cases, by serotype and ages from 5 years, 2025 (Source PHF Science, provisional data)

§ cross protection from 15B/C in vaccine # Non-PCV included 1 non-typeable case and 19 cases for which serotypes were not available.

Ages5to 64 Ages 265
Serotypes | years years

PCV7 7 8
PCV10 3 0
PCV13 82 81
19A 56 49
3 25 31
6A 1 1
PCV15 47 64
22F 40 51
33F 7 13
PCV20 125 62
8 112 41
10A 4 6
11A 4 10
12F 3
15B 2
PCv21 37 73
9N 14 18
15A 0 4
15BC* 1 0
15C* 1 6
16F 3 6
17F 3 3
23A 4 14
23B 10 13
31 0 3
35B 1 9
Non-PCV* 35 38

Total 336 326
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Figure 7: Rates of IPD due to serotypes covered by (a) PCV13, and (b) IPD due to serotypes
additionally included in PCV20, by age groups per 100,000 population, 2017-2025 (PHF Science,
2026, open access)

a) b)

FCV13 Rate per 100,000 PCV20 (excluding PCVIA serctypes) Rate per 100,000
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Summary

Generally, the pneumococcal immunisation programme in New Zealand has successfully reduced the
incidence of invasive pneumococcal disease and other pneumococcal infections in children with
indirect protection given to older adults. Following a surge in serotype 19A disease that coincided
with the use of PCV10 on a reduced schedule, the schedule was urgently switched back to PCV13 in
late 2022. Direct protection against the predominant serotype 19A was rapidly restored for those
aged under 1 year, but cases of 19A IPD continued to increase in older age groups, particularly adults
aged 65 years and over. Adults are also at high risk of IPD caused by PCV20 and PCV21 serotypes.
Routine vaccination of all infants with PCV20 could eventually provide indirect protection to older
age groups, but that would still leave a reasonable proportion of cases, particularly in older adults,
that could be covered by PCV21.

Pneumococcal vaccines for use in adults

An extended immunisation programme is available to children aged over 5 years and adults in New
Zealand who have certain underlying conditions that increase their risk for IPD. See Table 5 for the
adult indications for funded pneumococcal immunisation. Two vaccines are used currently, 13-valent
pneumococcal conjugate vaccine (PCV13) and 23-valent polysaccharide pneumococcal vaccine
(23PPV). Adults aged over 65 years are not routinely funded pneumococcal vaccination but are
recommended 23PPV as it is more affordable and has broader serotype coverage.

There are two types of pneumococcal vaccine.
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. Pneumococcal conjugate vaccines (PCV)
contain pneumococcal polysaccharides conjugated to a carrier protein
o PCV13 - Prevenar® 13 (Pfizer)
o  PCV15 - Vaxneuvance® (MSD) (not approved for use in NZ)
o  PCV20 - Prevenar® 20 (Pfizer) (not approved for use in NZ)
o PCV21 - Capvaxive (MSD) (not approved for use in NZ)

Other higher valency pneumococcal conjugate vaccines are in development for use in adults, (eg
two PCV24 vaccines and PCV31).

. Pneumococcal polysaccharide vaccine (PPV) — 23PPV; Pneumovax 23 (MSD)
contains only pneumococcal polysaccharides, limitation is that multiple doses result in
hyporesponsiveness, thereby limiting the duration of protection.

For the serotypes covered by each vaccine, see Table 3.

Table 3. Comparison of the pneumococcal serotypes contained within high valency vaccines used
in adults and groups at high IPD risk

Serotype

Vaccine
23Ppv IR v v v v v v v v v Vv

PCV13 v

PCV20 v

pcV21 v R R N N A VvV YV

PCV21 (Capvaxive, MSD; designated V116 in clinical trials) is specifically designed to offer broad
protection to adults. It has eight unique serotypes associated with adult pneumonia and IPD that are
not present in any of the current PCV vaccines and partially included in 23PPV.

Note that Sanofi and SK Science are also developing a 21-valent PCV (designated GBP410 in phase 3
clinical trials across Australia, Europe, South Korea and the US) for use in children.°

Other vaccines in clinical development

One 24-valent PCV (designated Pn-MAPS24v; Affinivax, acquired by GSK) has been designed using a
Multiple Antigen Presenting System (MAPS) platform to induce robust T and B cell responses.! It
contains 24 polysaccharides: all 13 in PCV13 and 10 in 23PPV (2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 22F,
and 33F) plus 20B. Each serotype is biotinylated and complexed with a unique fusion protein. The
fusion protein consists of rhizavadin fused to two pneumococcal protein segments derived from
genetically conserved surface protein genes (sp1500 and sp0785, associated with virulence of
serotype 3). The fusion of the two proteins confers protection against colonisation and generates

antibodies that opsonise and kill pneumococcal strains.'?

Another 24-valent PCV (designated VAX-24; Vaxcyte) utilises a cell-free protein synthesis platform to
insert non-native amino acids (para-azidomethyl-L-phenylalanine) into eCRM to form a proprietary
modified CRM — the carrier protein used in Prevenar (PCV7, 13 and 20) vaccines. These serve as
polysaccharide conjugation sites for each polysaccharide, activated with a small-molecule linker
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(dibenzocyclooctyne). This process is known as ‘click chemistry’. The concept is designed to
maximise exposure of T cell epitopes, to reduce carrier protein to polysaccharide ratio and to
enhance manufacturing consistency. This enables PCV development with increased serotype
coverage while minimising suppression by the carrier protein.' This vaccine contains serotypes 1, 2,
3,4,5,6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20B, 22F, 23F, and 33F
(combination from PCV20 and 23PPV, plus 20B).

Vaxcyte is also utilising the same platform as for VAX-24 to develop a 31-valent PCV31 (designated
VAX-31; Vaxcyte), with eCRM for polysaccharide conjugation to maximise exposure of T cell
epitopes. Subtypes in PCV31 account for around 95% of IPD in adults in the US —including an
additional 11 serotypes not in PCV20 and 12 not in PCV21. PCV31 includes capsular polysaccharide
antigens of serotypes 1, 2, 3, 4, 5, 6A, 6B, 7C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 16F, 17F,
18C, 19A, 19F, 20C, 22F, 23A, 23B, 23F, 31, 33F, and 35B.1*

International recommendations for pneumococcal immunisation in
adults

Presented is a summary of the pneumococcal vaccine recommendations in adults in a selection of
other countries. See Table 4 for a summary of vaccines available by country.

Table 4: A summary of some of the international immunisation schedules for pneumococcal
vaccinations for older adults and special groups (as of 1 July 2026).

Country  Routine Available vaccines Comments
schedule
New age 65 years and PCV13 and 23PPV none funded, available for private purchase
Zealand  °'¢'
special groups PCV13 and 23PPV discrepancies between vaccine eligibility, and between adults
and children aged 5-<18 years
Australia age =65 years PCV21
funded from 1 July 2026
aged 225, ATSI PCV21
special groups PCV20 aged <18 years
PCV21 aged >18 years, from 1 July 2026
Canada age 65 years and PCV20 or PCV21 regardless of previous PCV vaccination status, 1 year apart.
over PCV15/23PPV if PCV20 or PCV21 are unavailable
some provinces provide PCV20 or PCV21 only for those who
have not received 23PPV.
special groups PCV20 ages 2 to- <18 years
PCV20 or PCV21 ages 218 years
(or complete doses with PCV20
if partially vaccinated)
UK age 65 years and 23PPV or PCV20 (when single dose
over available)
special groups PCV13 single dose PCV20, no additional dose required at age 65
us age =50 years and PCV15+23PPV, PCV20 or single dose for all PCV naive

over

PCv21

special groups
aged >19-49

PCV15+23PPV, PCV20 or
PCV21

aged 19-49 years who previously received PCV13, complete
series with PCV20 or PCV21

if previously received PCV13+23PPV — review when aged 50
years.

10
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ATSI - Aboriginal and Torres Strait Islander people

Sources:

e https://www.tewhatuora.govt.nz/for-health-professionals/clinical-guidance/immunisation-handbook/17-pneumococcal-disease
e https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/pneumococcal-disease

e https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-

vaccines/page-16-pneumococcal-vaccine.html

e https://www.gov.uk/government/publications/pneumococcal-the-green-book-chapter-25

e https://www.cdc.gov/acip-recs/hcp/vaccine-specific/pneumococcal.html

General strategies

International policies are converging towards higher-valency PCVs and simplified schedules, but
implementation varies. The US is expanding age-based recommendations and simplifying regimens,
whereas Canada, Korea and the UK maintain more cautious, risk-based approaches with optional
sequential strategies. European guidance aligns with simplification but prioritises improving

coverage and addressing heterogeneity across programmes.* 1521

1. Age-based vs risk-based strategies
The US has transitioned to broad age-based vaccination, from aged >65 years to age >50 years.'®
Whereas Canada, UK and Korea have put greater emphasis on risk-based approaches.* 2% 21
Europe has mixed age and risk-based approaches but supports simplification.®
In July 2026, Australia also introduced PCV21 based on an age-based approach from age >25
years for Indigenous (Aboriginal and Torres Strait Islander peoples) and from age 65 for non-
Indigenous peoples.

2. Vaccine strategy
US and Europe prefer single-dose PCV20 or PCV21 approaches.'® 1° Canada and Korea retain

sequential schedules as options.?% 2!

3. Adoption of newer vaccines
The US has rapidly adopted the use of PCV20 and PCv21.17-18
PCV21 does not contain serotype 4 that is prevalent in certain populations in Alaska, Colorado,
Navajo Nation, New Mexico, and Oregon. PCV20 or PCV15/23PPV is likely to provide greater
coverage for these groups. (Note, serotype distribution is unknown in some states without IPD
surveillance 18).
Europe supports PCV20 uptake.'® Canada/Korea are transitioning more gradually transition®% 2!
The UK is focussed on delivery optimisation over product transition alone®

4. Focus on multimorbidity
UK and Europe: Strong emphasis on risk accumulation and under-vaccinated groups.* °

US: Increasingly simplified for population-level implementation, e.g. from age 50 years for all.*®
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Vaccine recommendations for adult special groups, from age 18 years

This section reviews the international recommendations around the underlying medical conditions
associated with a high risk for pneumococcal infections and for invasive disease in adults.
See Table 5 for details of the New Zealand extended pneumococcal immunisation schedule in adults.

Table 5: Extended pneumococcal immunisation programme for adults aged 18 years and over
(extracted from the Immunisation Handbook 2026 version 2, table 17.5)

PCV13 (Prevenar 13) and 23PPV (Pneumovax 23) are funded for (re)vaccination of patients:

o o

with HIV infection

who are pre- or post-HSCT? or chemotherapy?

who are pre- or post-splenectomy or with functional asplenia

who are pre- or post-solid organ transplant

undergoing renal dialysis

with complement deficiency (acquired or inherited)

with cochlear implants, intracranial shuntsP or cerebrospinal fluid leaks®

with primary immunodeficiency
PCV13 is funded pre- or post-HSCT or chemotherapy. 23PPV is only funded post HSCT or chemotherapy.
Only PCV13 is funded for these indications; 23PPV is recommended but not funded.

The following highlights the current (as of July 2026) recommendations in a selection of countries for

the range special groups that are considered at medical, lifestyle or environmental risk of

pneumococcal disease to update our previous review of evidence.? See also hyperlinks to sources
given below. A direct comparison with the adult schedule in New Zealand with Australia (for PCV21
from 1 July 2026), Canada, UK and US schedules is given in Table 6.
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Table 6: Comparison of adult clinical risk groups recommended pneumococcal vaccination by
country (as of 1 July 2026)

United
Kingdom

United States
(recommended)

Canada
(recommended)

Australia
(funded)

New Zealand
(funded)

Risk group / condition

Previous episode of IPD

Asplenia / splenic
dysfunction, incl.
haemoglobinopathies
Primary
immunodeficiency
Complement deficiency

Haematological
malignancy
Solid organ transplant

Stem cell transplant
(HSCT)
HIV infection

Immunosuppressive
therapy
Non-haematological
malignancy
(chemo/radiotherapy)
CSF leak / cochlear
implant / intercranial
shunts

Chronic respiratory
disease: bronchiectasis
COPD, severe asthma,
interstitial lung disease
Chronic kidney disease

Chronic heart disease?
Chronic liver disease®
Diabetes mellitus
Smoking
Alcohol/substance use

settings or communities
with high IPD risk
homeless

occupational risk

No (addiiton in
2027)

No

only pre/post
splenectomy
Yes

Yes

Limited, if on
chemotherapy
Yes

Yes

Yes

No

Yes,

23PPV post-
chemotherapy

Yes
(limitations)

No

Yes (on dialysis)
No
No
No
No
No

No

No

No

Yes

Yes

Yes
Not specified
Yes

Yes

Yes

Yes

No

No

Yes

Yes
(limitationsd)

Yes
No
Yes
No
No
No

ATSIY people
from age 25y
No

No

Not specified

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
No
Yes
Yes
Yes

Yes¢®

Yes

Yes

(funded)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
(excluding
shunts)
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Not specified

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes

a. CHD -including ischaemic heart disease under medical follow-up, chronic heart failure, hypertension with cardiac

complications

®© o 0 T

CLD - includes cirrhosis, biliary atresia, chronic hepatitis

ATSI - Aboriginal and Torres Strait Islander peoples
Settings with high IPD risk — eg residential care

Excluding severe asthma and interstitial and fibrotic lung disease
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Australia

https://immunisationhandbook.health.gov.au/resources/tables/table-risk-conditions-for-
pneumococcal-vaccination-and-eligibility-for-nip-funding

From 1 July 2026, the National Immunisation Programme in Australia replaced PCV13, 15 or 20 and
23PPV in adult groups with PCV21. Anyone eligible for extended pneumococcal vaccination aged
under 18 years will receive PCV20.

Canada

https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-
immunization-guide-part-4-active-vaccines/page-16-pneumococcal-vaccine.html#a3

The following are the recommended groups for PCV15, PCV20 or PCV21 vaccination in Canada.
Spacing of one year is recommended between previous 23PPV and PCV20 or PCV21 doses, but this
may be reduced to eight weeks prior to planned immunosuppression or when diagnosed with a
disease leading to immunodeficiency. Minimum interval between PCVs is eight weeks.

Immunocompromising conditions

e congenital immunodeficiencies involving any part of the immune system

e immunocompromising conditions or immunosuppressive therapy, within the last two years,
including use of long-term corticosteroids, chemotherapy, radiation therapy and
immunosuppressive biologics

e HIVinfection

e haematopoietic stem cell transplant (HSCT) recipients

e active malignant neoplasms, including leukaemia and lymphoma

e candidates and recipients of solid organ or islet transplants

e chronic kidney disease, particularly those individuals with stage four and five chronic kidney
disease, and those with nephrotic syndrome, on dialysis or with renal transplant

e functional or anatomic asplenia (congenital or acquired) or splenic dysfunction, including
Sickle cell disease and other haemoglobinopathies.

In addition to the predominantly immunocompromised groups funded in NZ, Canadian
recommendations include individuals with these medical conditions:

e chronic heart disease, including ischaemic heart disease under medical follow-up, chronic
heart failure, hypertension with cardiac complications

e diabetes mellitus, particularly if aged over 50 years

e chronic lung disease, including COPD, bronchiectasis, interstitial lung fibrosis, cystic fibrosis,
asthma requiring medical care in preceding 12 months.

e chronic neurologic conditions that may impair clearance of oral secretions

e chronic cerebrospinal fluid (CSF) leak.

Canada also considers social, behavioural and environmental risk factors, such as:

individuals who are unhoused

e communities or setting with high IPD rates, (e.g. residential care)

e smoking, particularly if aged over 50

e substance abuse (alcohol, cocaine, injectable drugs)

e occupational risk — long term exposure to metal fumes (i.e. welders).
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United Kingdom

https://www.gov.uk/government/publications/pneumococcal-the-green-book-chapter-25

https://www.gov.uk/government/collections/pneumococcal-vaccination-programme

Table 7 lists the risk groups recommended and funded additional pneumococcal vaccination in the

UK.

Table 7: Clinical risk groups who should receive pneumococcal immunisation in the UK (Green

Book, table 25.2)

Clinical risk group

Examples (decision based on clinical judgement)

Asplenia or
dysfunction of the
spleen

Chronic respiratory
disease (chronic
respiratory disease
refers to chronic

lower respiratory
tract disease)

Chronic heart disease

Chronic kidney
disease

Chronic liver disease

Diabetes

Immunosuppression

Individuals with
cochlear implants

Individuals with
cerebrospinal fluid
leaks

Occupational risk

This also includes individuals with coeliac disease who are diagnosed with
splenic dysfunction and all haemoglobinopathies including homozygous
sickle cell disease

This includes chronic obstructive pulmonary disease (COPD), including
chronic bronchitis and emphysema; and such conditions as bronchiectasis,
cystic fibrosis, interstitial lung fibrosis, pneumoconiosis and
bronchopulmonary dysplasia (BPD). Individuals in whom respiratory
function may be compromised due to neurological or neuromuscular
disease (such as cerebral palsy).

Asthma is not an indication, unless so severe as to require continuous or
frequently repeated use of systemic steroids (as defined in
Immunosuppression below).

This includes those requiring regular medication and/or follow-up for
ischaemic heart disease, congenital heart disease, hypertension with
cardiac complications, and chronic heart failure.

Nephrotic syndrome, chronic kidney disease at stages 4 and 5 and those
on kidney dialysis or with kidney transplantation.

This includes cirrhosis, biliary atresia and chronic hepatitis.

Diabetes mellitus requiring insulin or anti-diabetic medication. This does
not include diabetes that is only diet controlled.

Due to disease or treatment, including patients undergoing chemotherapy
leading to immunosuppression, bone marrow transplant, asplenia or
splenic dysfunction, complement disorder, HIV infection at all stages,
multiple myeloma or genetic disorders affecting the immune system (such
as IRAK-4, NEMQ).

Individuals on or likely to be on systemic steroids for more than a month
at a dose equivalent to prednisolone at 20mg or more per day (any age),
or for children under 20kg, a dose of 1mg or more per kg per day.

It is important that immunisation does not delay the cochlear
implantation.

This includes leakage of cerebrospinal fluid such as following trauma or
major skull surgery (does not include CSF shunts).

Please see page 10.

Pneumococcal vaccination is considered for individuals at risk of frequent or continuous exposure to

metal fumes (such as welders), accounting for the exposure control measures in place. In these
situations, vaccination should not replace the need for measures to prevent or reduce exposure.
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United States

https://www.cdc.gov/pneumococcal/hcp/vaccine-recommendations/risk-
indications.html#cdc generic section 6-risk-conditions
(A decision-making tool is also available as an app PneumoRecs VaxAdvisor)

Indications for pneumococcal vaccination for both children and adults:

e cerebrospinal fluid leak

e chronic liver disease

e cochlear implant

e animmunocompromising condition
o diabetes mellitus.

Immunocompromising conditions in both children and adults:

e congenital or acquired asplenia, or splenic dysfunction

e congenital or acquired immunodeficiency (including lymphocyte and complement
deficiencies and phagocytic disorders)

e diseases or conditions treated with immunosuppressive drugs or radiation therapy (including
haematological malignancy and solid organ transplant)

o HIVinfection

e Sickle cell disease or other haemoglobinopathy.

Indication for pneumococcal vaccination of adults, specifically:

e chronic heart disease, includes congestive heart failure and cardiomyopathies, excludes
hypertension

e chronic lung disease, includes chronic obstructive pulmonary disease, emphysema, and
asthma

e chronic renal failure or nephrotic syndrome

e alcoholism or cigarette smoking.

16


https://www.cdc.gov/pneumococcal/hcp/vaccine-recommendations/risk-indications.html#cdc_generic_section_6-risk-conditions
https://www.cdc.gov/pneumococcal/hcp/vaccine-recommendations/risk-indications.html#cdc_generic_section_6-risk-conditions
https://www.cdc.gov/pneumococcal/hcp/vaccine-recommendations/app.html

Review of Evidence, 2026: Pneumococcal — adults and special groups

Review of literature - special groups

Generally, the groups at greatest risk of invasive pneumococcal disease are those already eligible for
funded pneumococcal vaccination.?? However, as mentioned previously, other conditions and
comorbidities also increase the risk of invasive disease and other pneumococcal infections, such as
non-invasive pneumococcal pneumonia, and form a significant burden on health services.
Pneumococcal vaccines are not funded in New Zealand for adults with health conditions such as
diabetes, chronic respiratory disease, chronic heart disease and heart failure, and chronic liver
disease, including those with more than one underlying condition, regardless of age.

This section considers the recent evidence around the role these comorbidities play in the
pneumococcal burden. Focus is on non-immunocompromising conditions, such as heart, lung and
liver diseases, and the bi-directional relationship between community-acquired pneumonia (CAP)
and chronic comorbidities. It highlights the role pneumococcal vaccination can play in reducing
severe outcomes.

See Table 10 for details of the studies presented below.

Risk factors

As mentioned above, there are recognised high-risk conditions for which pneumococcal vaccination
is generally funded, such as HIV infection, organ transplantation, asplenia and haematological
malignancies.?? Other conditions, which on their own, are not as strongly associated with risk for
invasive pneumococcal disease, but in conjunction with older age and multiple chronic conditions,
increase risk from pneumococcal infection that can lead to hospitalisation and progress to invasive
disease.

An expert review” suggested that the increased likelihood of pneumococcal infections in individuals
with multiple risk factors be taken into consideration when making pneumococcal vaccine
recommendations. The UK has noted an increase in cases of pneumococcal septic arthritis in older
adults and those with comorbidities that are associated with non-vaccine serotypes and 23PPV/non-
PCV13 serotypes.* Although 23PPV was offered to certain groups, access and coverage was
suboptimal.

Furthermore, viral-bacterial coinfections are common.* In addition to offering pneumococcal
vaccination to those with underlying conditions, prevention of preceding viral infections with
influenza, respiratory syncytial virus and COVID-19 vaccines can help to reduce the incidence of
pneumococcal infections and adverse outcomes of respiratory illness.

Invasive pneumococcal disease

Ditzel et al (2025) conducted a systematic review that identified more than 50 different conditions
that increase the risk for IPD in adults.?? Twenty-two conditions were used as domains for a meta-
analysis (see Figure 8). The conditions with the highest incidence rate ratio (IRR) were predominantly
immunocompromising, for example:

e transplant =30.8 (95% Cl 17.6 — 53.6)
e asplenia=24.3(18.6—-31.7)
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e HIVinfection =21.9 (15.7 — 30.4)

e haematological malignancy =19.6 (11.1 — 34.7)

e chronic kidney disease, age <65y = 18.4 (11.4 — 29.7) versus ages 265y = 5.2 (2.1 - 12.6)
e compromised cerebrospinal fluid barrier = 17.0 (2.8 — 103.9)

e Down syndrome =47.5(22.5-100.2)

The conditions with the most pronounced risk were in line with the current US recommendations for
pneumococcal vaccination.

Figure 8: Pooled risk estimates of risk conditions for adult invasive pneumococcal disease.
Summary of the studies that reported incidence rate ratios for the 22 risk domains that were
eligible for meta-analysis, stratified by age (Ditzel, 2025 open access)

Risk domain
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Chroniclung _
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Alcoholism -

Smoking -
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Obesity -
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Abbreviations: IPD - invasive pneumococcal disease; PLWH - people living with human immunodeficiency virus; CSF - cerebrospinal fluid;
IRR - incidence rate ratio
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However, several of the reviewed studies suggested a cumulative risk with multimorbidity (see
Figure 9).22 After adjusting for underlying conditions, the direct risk associated with age alone was
reduced. Risk associated with given conditions was higher in those aged below 65 years than for the
older populations, such as diabetes, chronic liver disease, chronic kidney disease, and for those of
African American ethnicity. Secondary immunodeficiency, including immunosuppressive treatment,
had a comparable relative risk to chronic lung disease, chronic liver disease, chronic heart disease or
alcoholism.?? It was noted that within the studies included in this systematic review there was a high
degree of bias and heterogeneity.

Figure 9: Risk estimates of multimorbidity for adult invasive pneumococcal disease. Forest plot of
reported incidence rate ratios stratified by number of comorbidity risk conditions (colour), over
different age categories. (Ditzel, 2025, open access)
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Conclusion

Although immunocompromising conditions are most significantly associated with IPD, chronic
disease and multiple comorbidities increase the risk of pneumococcal disease in adults under 65
years.
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Community-acquired pneumococcal pneumonia

Community-acquired pneumococcal pneumonia (CAP) is a significant health burden, particularly in
older adults and those with underlying health conditions. Community-acquired pneumococcal
pneumonia can progress to invasive bacteraemic pneumonia in an estimated 25% of pneumonia
cases.?3 The risk of pneumonia increases with coexisting comorbidities and with age.?*

As presented in an earlier review of evidence,? a 2013 literature review identified several comorbid
conditions associated with an increased risk of CAP in European adults.? Table 8 gives the frequency
of these comorbid conditions in patients with CAP across several of the reviewed studies.

Table 8: Frequency of comorbid conditions in adults with community-acquired pneumonia (Source:
Torres et al 2013, Thorax open access)

Number of cohorts Patients with

Comorbid condition with data* condition (%)
Previous pneumonia 10 3.2-33.8
Chronic respiratory 25 9.7-68
disease

CoPD 21 9.4-62

Asthma 9 3-50.0
Chronic heart disease 23 10-47.2

Heart failure 27 1.0-46
Diabetes mellitus 48 4.9-33.0
Cerebrovascular disease/ 26 3.2-33
stroke
Dementia 12 1.1-33.6
Cancer 33 4.3-18.0
Chronic liver disease 36 0.3-20
Chronic renal disease 39 0.5-26.7

*For studies that only reported data separately for each cohort, all cohorts were
included; for studies that reported data for the overall study population, the summary
data were used.

COPD, chronic obstructive pulmonary disease.

Large-scale retrospective data reflects a growing volume of chronically unwell, at-risk patients. A
French cohort study in 2018 found that 10% of adults (mean age 66.1 years, with over half aged over
65 years) in a general health database covering 40 million people were considered at risk of
pneumococcal disease. If these four million adults, 18% had at least two comorbidities, 90% had
chronic medical conditions and 14% had an immunocompromising comorbidity: 72% with diabetes,
17% with chronic respiratory disease, 8% with chronic liver failure and, predominantly representing
the older age group, 12% had heart failure.?

Bidirectional exacerbation: pneumonia and comorbidities

The relationship between pneumonia and chronic comorbidities is heavily bidirectional. An acute
episode of community-acquired pneumonia or invasive pneumococcal disease acts as a severe
systemic catalyst, destabilising underlying chronic conditions. Conversely, those conditions
simultaneously increase the severity of infection.
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Figure 10: Comparison of rates of hospital admission, outpatient attendance and accident and
emergency (A&E) visits for patients with or without community-acquired pneumonia (CAP)
hospital diagnosis, stratified by underlying comorbidity and year, in England (Campling, 2020,
open access)
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Prevention of CAP in individuals with underlying comorbidities helps to reduce the burden on the
patient and the healthcare system. A retrospective cohort study in England found that an episode of
hospitalised CAP in patients with underlying comorbidities significantly increased the burden on the
patient and healthcare for at least three years, when compared with individuals with the same
comorbidities not hospitalised for CAP.%® Six comorbidities were examined: bone marrow transplant,
chronic heart disease, chronic kidney disease, chronic liver disease and chronic respiratory disease.
Patients with immunocompromise were not included. Figure 10 shows the rates of hospital
utilisation by comorbidity and year after initial diagnosis of hospitalised CAP and compared with
those without CAP.

Figure 11 shows the odds of death by comorbidity after initial hospitalisation for CAP.%® Patients with
chronic respiratory disease had almost six times the odds of in-hospital mortality.
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Figure 11: Adjusted odds ratios for mortality in each clinical risk group for those hospitalised with
community-acquired pneumonia compared with those who did not. (Campling, 2020, open access)

Abbreviations: BMT - bone marrow transplant
(BMT); CHD - chronic heart disease (CHD); CKD -
chronic kidney disease; CLD - chronic liver
disease; CRD - chronic respiratory disease.
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Chronic liver disease

Data (published in a letter) from the CAPNETZ cohort study in Germany underscored that patients
with chronic liver disease (CLD) present with hospitalised CAP (n=289; median age 64 years) at a
significantly younger median age than those without CLD (n=5,449, median age 73 years).?’ Despite
their younger age and fewer baseline cardiovascular comorbidities, patients hospitalised with CAP
with CLD had double the incidence of concurrent bacteraemia (19.6% vs. 8.9%; p < 0.001); higher 30-
day mortality (11.3% vs. 7.1%; odds ratio = 1.67; 95% Cl 1.12 — 2.49; p = 0.054) and prolonged
hospital stays than those without CLD.?”

Socioeconomic and health deprivation

A retrospective clinical record review in Christchurch Hospital identified hotspots of adults
hospitalised with CAP in Christchurch, New Zealand, that were associated with geographical areas of
high socioeconomic deprivation and health equity.?® Of the 924 cases in the study, 40/370 cases
sampled had S. pneumoniae infection. The mean age of the cases was 70 years (+ 18 years), but the
mean age of cases identifying as Maori was 12 years younger than age of cases with NZ European
ethnicity. Compared with the least deprived quintile, rate ratios were highest for the two most
deprived quintiles: RR 1.5 (95% CI 1.3 — 1.8) and 1.6 (1.3 — 2.0). This risk increased when stratified by
health deprivation (RR 2.3; 1.8 — 3.0). Of the cases, 75% had at least one and 17% had more than
three underlying comorbidities; most common being chronic cardiovascular disease and chronic
respiratory disease. Geographically, most areas had rates below 5 per 1,000, but in two areas rates
were 51 and 22 per 1,000. Rates remained high in these areas after removing cases in age-care
residences and age distribution did not closely mirror the CAP hotspots. Socioeconomic deprivation
was an important but not the only factor in the CAP clusters. This data highlights a role for targeted
preventative interventions in identifiable hotspots.?8

Conclusions

Community-acquired pneumococcal pneumonia (CAP) disproportionately affects people with
chronic health conditions, including respiratory, cardiovascular, liver and kidney disease, diabetes
and immunocompromising conditions. These conditions increase the risk and severity of CAP, while
pneumonia can worsen underlying disease, increase healthcare utilisation, and elevate mortality.
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The evidence highlights particularly poor outcomes in patients with chronic respiratory, liver and
heart disease, emphasising the importance of prevention of pneumococcal infections in at-risk
populations. Socioeconomic disparities compound risk factors associated with age and chronic
disease.

Cardiovascular disease

The risk of IPD is increased in cardiac patients, particularly in those with congestive heart failure.
Additionally, pneumococcal pneumonia is associated with onset of cardiac complications — including
acute myocardial infarction, arrythmia or new or worsening heart failure, and long-term
cardiovascular disease.?’

Pneumococci interact with the cardiovascular system through virulence factors, resulting in
pneumolysin-induced cardiac toxicity, platelet activation and myocardial invasion, and induce long-
term proinflammatory and prothrombotic mechanisms. Some capsular serotypes have a greater
propensity to invade and persist within cardiac myocytes.?®

Post-hoc analysis of two clinical trials (PARADIGM-HF and PARAGON-HF) found that pneumonia in
ambulatory patients with heart failure was linked to a three- to five-fold increase in mortality risk,
which peaks acutely but remains elevated beyond three months post pneumonia (see Table 9).24
The patients with pneumonia also had more comorbidities, including COPD, diabetes and atrial

fibrillation, than those without pneumonia incidence.

Table 9: Post-hoc analysis of subsequent risk of cardiac clinical outcomes after occurrence of
pneumonia in two clinical trial cohorts (PARADIGM-HF and PARAGON-HF) (Shen et al, 2021, open
access)

Unadjusted Adjusted
HR* (95% CI) p Value HR*T (95% CI) p Value
PARADIGM-HF
All-cause death 5.19 (4.47-6.03) <0.001 4.34 (3.73-5.05) <=0.001
CV death 4.40 (3.68-5.26) <0.001 3.62(3.02-4.34) <=0.001
HF hospitalization 295 (230-3.78) <0.001 239 (1.86-3.07) <0.001

CV death or HF hospitalization  3.34 (2.79-3.99) <0.001 2.72 (2.27-3.26) <0.001
PARAGON-HF

All-cause death 4.53 (3.73-5.50) <0.001 376 (3.05-458) «0.001
CV death 3.65 (2.79-4.79) =0.001 3.03 (2.31-3.98) <0.00
HF hospitalization 219 (1.70-2.84) <=0.001 1.98 (1.52-2.58) =0.001

CV death or HF hospitalization ~ 2.45 (1.97-3.05) <0.001 222 (1.77-277) <0.001

*Hazard ratios were estimated with stratification by geographic regicn. fAdjusted variables included randomized
treatment, age, sex, left ventricular ejection fraction, NYHA functional class, systolic blood pressure, HF duration,
previous HF hospitalization, history of myocardial infarction, hypertension, diabetes, and atrial fibrillation, eGFR,
and log-transformed MT-proBMP.

Heart disease increases the risk of pneumonia, which in turn, can exacerbate underlying heart
disease. CAP can also significantly accelerate the development of heart failure. A greater risk for
heart disease was observed in younger adults who had survived an episode of pneumonia but may
not typically be seen as being at risk for heart failure. Over a median 10-year follow-up in Canada,
11.9% of adults with no prior history of heart failure developed the condition post-pneumonia
compared to 7.4% of matched controls (adjusted hazard ratio [aHR] 1.6; 95% Cl 1.44 — 1.81;

p < 0.001).3° This relative risk was highest in patients under the age of 65 years (aHR = 1.98) and in
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those who experienced pneumococcal bacteraemia (aHR = 2.4).3° Although older adults had the
highest absolute risk, the relative risk was greater in younger adults.

Protective effects of pneumococcal vaccination against cardiovascular disease

The benefits of pneumococcal vaccination extend beyond preventing pneumococcal disease by
offering broader protection against cardiovascular and other health impacts.

A systematic review and meta-analysis showed 23PPV decreased the overall risk of cardiovascular
events (relative risk [RR] 0.91; 95% Cl 0.84 — 0.99; 15 studies), acute myocardial infarction (AMI; RR
0.88; 0.79 — 0.98; 12 studies) and all-cause mortality (RR 0.71; 0.60 — 0.84) in adults aged over 65

years.3!

Lower odds of AMI (adjusted odds ratio [aOR] 0.70; 95% Cl 0.62 — 0.80) and stroke (aOR 0.71;

0.77 — 0.86) were observed in older adults (mean age 80 years) vaccinated with 23PPV in Japan. This
protection was greatest within 6 months of vaccination (aOR 0.55 against AMI) but waned by two
years.3? It was noted that the greater protection was observed in these adults at an older age than in
other studies, which may be due to confounding from healthy lifestyle and user biases. A high
proportion of the AMI and stroke cases had comorbidities, including CHF, cardiac arrythmias,
valvular disease, peripheral vascular disorders, hypertension, COPD, diabetes or renal failure.
Adjustment for influenza vaccine uptake did not change the results.3?

In a small, prospective, observational study (published as a letter), PCV13 vaccination was shown to
reduce the risk of hospitalisation in 121 COPD patients with non-exacerbating COPD plus
cardiovascular disease (CVD).33 Statistically fewer vaccinated COPD patients with CVD were
hospitalised than those who were unvaccinated (16% vs 50%, p = 0.007). No difference was
observed in those with COPD without CVD. COPD exacerbations were predominantly associated with
bacterial infections, but only 15% were pneumococcal, such that the effect of PCV13 was non-
significant in those with exacerbated COPD.33

Conclusion

Heart disease increases the risk of pneumonia, which in turn, can exacerbate underlying heart
disease. CAP can also significantly accelerate the development of heart failure, including in adults
not previously considered to be at increased cardiovascular disease risk. As well as reducing the risk
for pneumonia, pneumococcal vaccination can reduce the heart disease burden by preventing
pneumococcal infections acting as systemic catalyst for AMI and strokes.

Indirect protection of adults

As detailed in Table 10, the nasopharyngeal (NP) carriage and transmission of pneumococcal
serotypes can influence the disease burden in different age groups. It is commonly stated that
vaccination of children provides indirect protection to older age groups. Nasopharyngeal carriage
dynamics are a key determinant of pneumococcal transmission and age-specific disease burden,
underpinning the indirect (herd) effects of paediatric PCV programmes. A targeted review found,
generally, that infant PCV programmes reduce adult carriage of vaccine-type serotypes, though
effects are heterogeneous and offset by serotype replacement, leaving a persistent burden from
non-vaccine types.3
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Modelling from Israel demonstrated that declines in IPD among adults were primarily driven by
reduced carriage in older vaccinated children (aged >36 months), with limited contribution from
infant protection, reflecting a stronger impact from the toddler booster dose on transmission; catch-
up vaccination in children aged 1-5 years was therefore identified as a strategy to accelerate indirect
protection.3> However, evidence from Germany suggests these indirect effects may have plateaued,
with persistent and, in some cases, increasing adult IPD due to specific serotypes (notably serotypes

3, 4, 19F and 19A), despite sustained declines in infant disease.3®

Emerging data from the UK indicate that young adults may act as an independent reservoir,
exhibiting higher carriage of certain PCV13 serotypes than vaccinated children and mirroring
serotype patterns seen in older adults. Thereby, highlighting gaps in indirect protection and

important considerations for vaccination policy across the life course.3’

Conclusions

While paediatric pneumococcal conjugate vaccine (PCV) programmes provide indirect protection
through reduced vaccine-type carriage and transmission, these effects are variable, limited by
serotype replacement, and may be plateauing in some settings in which there is persistent adult
disease and evidence that young adults maybe contributing to ongoing transmission to susceptible
adults. These findings support a life-course vaccination approach alongside prevention of viral co-
infections to reduce pneumococcal disease and adverse outcomes.

Summary

Individuals with immunocompromising conditions remain at the highest risk of invasive
pneumococcal disease (IPD) and pneumococcal vaccination programmes typically target
immunocompromised cohorts. Growing evidence shows that adults aged under 65 years with
chronic conditions, such as diabetes, chronic respiratory disease, chronic heart disease, chronic liver
disease and chronic kidney disease, also experience a substantially increased burden of
pneumococcal disease. Risk increases further when multimorbidity is present. The health burden is
particularly driven by individuals aged under 65 living with non-immunocompromising chronic
diseases not eligible for pneumococcal vaccination.

The relationship between pneumonia and these chronic conditions is highly bidirectional: an acute
respiratory infection acts as a systemic catalyst to induce organ damage and inflammation; while
preexisting chronic diseases simultaneously accelerate infection severity, double bacteraemia rates,
and multiply the odds of severe outcomes. Patients with chronic respiratory, liver and cardiovascular
diseases can experience particularly severe outcomes, including a greater risk of hospitalisation,
bacteraemia, heart failure and death.

Pneumococcal vaccination can help to prevent pneumococcal infections and their downstream
complications in these ‘at-risk’ groups. Beyond reducing the risk of pneumonia and invasive disease,
vaccination has been associated with lower rates of cardiovascular events, including acute
myocardial infarction, stroke and all-cause mortality in older adults. Evidence also suggests
vaccination may reduce hospitalisations of patients with COPD and cardiac disease. These broader
benefits support the use of pneumococcal vaccination as an important preventive strategy in
individuals with chronic health conditions, particularly those with multimorbidity who are at
elevated risk of severe disease and long-term complications.
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There appears to be three tiers of risk factors for IPD and other severe pneumococcal infection
outcomes:

1.

High risk due to moderate to severe immunocompromise: unable to prevent invasive
infections or in whom infections can more readily access normally sterile compartments,
such as primary immunodeficiencies and HIV infection, asplenia, haematological
malignancies, cerebrospinal fluid leakage, kidney disease requiring dialysis, transplant
recipients, Down syndrome/Trisomy 21 (including adults).

Increased risk with underlying chronic medical conditions that facilitate opportunistic
infections or in whom infections can progress to become invasive: such as congestive heart
failure, chronic respiratory diseases like cystic fibrosis and COPD, immunosuppression,
chronic liver disease, diabetes mellitus, vascular diseases like cerebrovascular and ischaemic
heart disease, and neurological diseases, plus increasing age. Having two or more underlying
conditions places an individual at the same level of IPD risk as those in tier 1. The absolute
risk is greatest with increasing age over 65 years, particularly with increased frailty, but for
those with multiple comorbidities and under 65 years, the relative risk is greater.

Potential risk due to pneumococcal coinfections following a respiratory virus infection:
preventing viral infections such as influenza, respiratory syncytial virus (RSV), COVID-19 can
help to reduce the risk of pneumonia and cardiovascular events, which in turn, lower the risk
of IPD, heart failure and hospitalisation that can lead to increased frailty. This includes
individuals with obesity, a risk for exacerbation of respiratory conditions such as asthma,
those with certain lifestyle factors (e.g., smoking, alcoholism), and environmental factors,
such as housing conditions, occupation and pollution or passive smoking. Multiple coexisting
factors increase the risk.

Generally, tier 1 conditions are eligible for pneumococcal vaccination in New Zealand, alongside
seasonal influenza and COVID-19 vaccines, but eligibility differs between PCV13 and 23PPV and
adults or children. Those with tier 2 and 3 conditions are unable to access funded pneumococcal
vaccination in NZ, but most are eligible for influenza and COVID-19 vaccination. Although one RSV
vaccine (Arexvy® GSK) is available to adults aged from 50 years, it is not yet funded.

Although nasopharyngeal carriage and transmission underpin indirect (herd) protection from

paediatric vaccination programmes, some countries have noted a plateau and persistent adult
infections, despite reductions in younger age groups. These findings support a life-course
vaccination approach alongside prevention of viral co-infections to reduce pneumococcal disease
and adverse outcomes.
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Review of literature - newer pneumococcal vaccines

The following summarises published literature about the use of higher valency pneumococcal
vaccines in adult groups, including those with underlying health conditions that increase their risk for
invasive pneumococcal disease and adults aged over 65 years. See Table 12, Table 13 and Table 14
for details of the studies presented.

Safety

Most of the safety data are from clinical trials since these vaccines have only recently received
regulatory approval and real-world experience is limited at the time of writing. See Table 12 for
further study details.

20-valent pneumococcal conjugate vaccine

Evidence from clinical trials indicates that PCV20 (Prevenar 20) has a comparable safety and
tolerability profile to PCV13 and 23PPV in adults aged 18 years and over, including pneumococcal-
naive individuals and those with prior vaccination.3843 Across phase 2 and 3 randomised controlled
trials (RCT), local and systemic adverse events were typically mild to moderate, most commonly
injection-site pain and myalgia (ranged from <15% to 70% in younger age groups and <10% — 40% for
over 65 year groups). Lower reactogenicity is observed in older adults and fever was infrequent (<1%
—2% in PCV20 and PCV13 groups). Serious adverse events were rare and not considered vaccine
related. Co-administration with mRNA COVID-19 vaccine was also well tolerated and did not increase
adverse event rates.**

Real-world evidence from post-licensure surveillance in adults aged 219 years, reported to the US
Vaccine Adverse Events Reporting System (VAERS), showed that the safety profile of PCV20 is
consistent with findings from clinical trials. Injection-site reactions were commonly reported, with
overall rates of serious adverse events remaining low.* A signal for Guillain—Barré syndrome has
been identified and is under investigation, although reported rates remain low and within expected
background levels.

21-valent pneumococcal conjugate vaccine

As for PCV20, PCV21 has a comparable safety profile to PCV13 and 23PPV.%® 47 |n phase 3 RCTs,
adverse events were common with up to 80% of participants reporting at least one adverse event,
but these were generally mild to moderate and transient. Injection-site pain, fatigue, and headache
most frequently reported with similar incidence and intensity between vaccine groups. As seen with
other vaccines, higher reactogenicity was observed in younger adults. No vaccine-related serious
adverse events or deaths were identified.*® 4’ Safety profiles were consistent across age groups and
aligned with findings from other pneumococcal conjugate vaccine studies. Real-world evidence
remains limited at the time of writing.

Pneumococcal vaccines with modified conjugates — higher valency vaccines in
development

Overall, safety profiles of newer PCVs in development —two 24-valent and a 31-valent vaccine —
were consistent across age groups, including older adults, and aligned with expectations for
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conjugate vaccines. These vaccines are designed to improve immunogenicity and T cell response to
pneumococcal polysaccharides, which often increases reactogenicity.

Clinical trial data indicate that these vaccines have safety and tolerability profiles comparable to
existing PCVs across adult populations. The currently published literature is from phase 1 and 2
dose-finding and first-in-human studies. Phase 1-2 and phase 2 RCT of PCV24 candidates (Affinivax
and Vaxcyte) and PCV31 (Vaxcyte) demonstrated that adverse events were generally mild to
moderate, transient, and like comparator vaccines, PCV13 or PCV20.1214 |njection-site pain,
tenderness, fatigue, myalgia, and headache were commonly reported. While reactogenicity
increased at higher doses in some groups, severe adverse events were uncommon, and no vaccine-
related serious adverse events or consistent safety concerns were identified over follow-up periods
of up to 6 months.

Summary

Together, clinical trial data and real-world evidence support a favourable and consistent safety
profile for PCV20 and PCV21 across adult populations. Younger adults reported more local and
systemic reactions than older groups, as is commonly reported for other vaccines. Safety of the PCV
vaccines with modified carrier proteins appear to be comparable to the currently licensed higher
valency vaccines.

Immunogenicity

Regulatory approval of PCV20 (and other new pneumococcal vaccines) is based on immunogenicity
and non-inferiority against a predecessor or comparator, because IPD is a rare disease, phase 3
efficacy studies are impractical. Much of the immunogenicity data for PCV20 considers ‘non-
inferiority’ to the serotypes in common with the licensed PCV13 vaccine. No serotype-specific
immunological correlates of protection have been established for pneumococcal conjugate vaccines.

WHO defines primary analysis endpoints of clinical trial data for non-inferiority between
pneumococcal vaccines to be the percentage of subjects with IgG =0.35 pg/ml and serotype-specific
IgG geometric mean concentration ratios (GMR) between vaccine of interest and a licenced
comparator.*® If one or more serotype fails to meet both sets of criteria, the regulatory approval
authority for each country (ie Medsafe in New Zealand) should take into consideration the disease
burden associated with those serotypes. Based on efficacy and effectiveness from studies of the
PCV7 vaccine, non-inferiority of the additional serotypes in the new vaccines (PCV20 or PCV21) is
assumed by comparing the proportions of participants that reached IgG >0.35 pg/ml for each new
serotype against any serotype that achieves the lowest percentage of 1gG 20.35 pg/ml in the
licensed comparator (PCV13) group. Functional antibody titres are assessed using opsonophagocytic
activity (OPA) assays. This data is obtained from a subset of trial participants, but again, since no
serotype-specific correlates of protection are defined, geometric mean titre ratios (GMR) are used to
compare new and licensed vaccines.*®

The measure of immunogenicity used to confirm non-inferiority does not necessarily indicated long-
term protection. A UK study using an indirect cohort method in infants given PCV13 found that
serotype-specific correlates of protection may be higher or lower than 0.35 pg/ml, and that vaccine
effectiveness may be lower than predicted by the clinical trial immunogenicity data.*® Therefore,
caution is required when predicting vaccine efficacy from immunogenicity data from clinical trials.
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Clinical trials can only demonstrate non-inferiority or equivalence between the vaccine formulations
in a selected group of healthy participants.

See Table 13 for further study details.

Phase 3 clinical trials = PCV20

A pivotal phase 3 clinical trial, conducted in the US and Sweden, found robust functional
(opsonophagocytic activity, OPA) antibody responses across all 20 serotypes in PCV20 across
different age groups (18 — 49 years, 50 — 59 years and 260 years) compared with PCV13 (see Figure
12).38 The PCV20 OPA geometric mean titres (GMT) were slightly lower for the PCV13-matched
serotypes than PCV13. Serotype 8 did not quite meet non-inferiority for PCV20 compared with
23PPV in the 260 age group, but the PCV20 response was higher for the other six shared serotypes.3®
When compared by immunobridging, the OPA response to PCV20 for all 20 serotypes in the younger
age groups were non-inferior to those aged 60 — 64 years.

Figure 12: Model-based opsonophagocytic activity geometric mean ratio in phase 3 clinical trial,
participants aged 260 years: A) comparing 13 serotypes shared between PCV20 and PCV13; B)
additional 7 serotypes shared between PCV20 and 23PPV. (Essink et al 2022, open access)

Non-inferiority declared if lower bound of the two-sided 95% confidence interval (95% Cl) for GMR was >0.5 (two-fold criterion).
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Further phase 3 clinical studies, conducted in India,*! Japan, South Korea and Taiwan,*? found
consistent and similarly robust immune responses.

PCV20 was shown to be a valid alternative to 23PPV revaccination in individuals with prior
pneumococcal vaccination history. A US and Swedish phase 3 study investigated PCV20 in older
adults who had previously received 23PPV, PCV13 or both and compared with controls who
received, respectively, PCV13, 23PPV or PCV20 only.* Robust immune responses were seen against
the PCV20 serotypes, regardless of prior vaccination. Baseline OPA GMTs were highest for those who
had previously received both PCV13 and 23PPV, and lowest for those who had received 23PPV only.

Post-hoc analysis of two clinical trials3® %% found that immune responses to PCV20 serotypes were
robust and non-inferior to PCV13 in adults with a higher risk of pneumococcal disease (e.g., diabetes,

chronic pulmonary disease, but excluding immunocompromised groups).*®
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Coadministration of PCV20 and mRNA-COVID-19 vaccine (Comirnaty) does not result in clinically
significant interference of the immune response to either vaccine in adults aged =65 years. The
observed GMR for the PCV20 serotypes were 2.5 — 24.5 in the coadministered group and 2.3 —30.6
in the PCV20 alone group.**

Summary

Across multiple phase 3 clinical trials, PCV20 demonstrated a broad, functional immune response to
20 pneumococcal serotypes and is consistently non-inferior to PCV13 for shared serotypes. Only
serotype 8 missed the non-inferiority criteria compared with 23PPV in older adults, but the immune
response was considered robust with >4-fold rise in functional antibody titres in most participants.
The immune response to PCV20 in non-immunocompromised adults at increased risk of
pneumococcal disease was like that seen in healthy groups; however, the clinical trials excluded
individuals who were immunocompromised who are a significant risk group for IPD. No impact on
immunogenicity was seen for either vaccine when PCV20 is coadministered with COVID-19 vaccine.

Phase 3 clinical trials - PCV21

Fewer clinical trials have been published for PCV21 than PCV20. A pivotal clinical trial (STRIDE-3)
conducted in 11 countries investigated immunogenicity in two cohorts stratified by age comparing
PCV21 with PCV20.%¢ Cohort 1 with age groups ranging from 50 to over 85 years and cohort 2 aged
from 18 — 49 years. In cohort 1, PCV21 non-inferiority in comparison to PCV20 was confirmed for all
10 shared serotypes and superiority was met for 10 out of 11 of the unique serotypes in PCV21.
Non-inferiority was not met for serotype 6C, although robust immune responses were observed for
similar proportion of participants with a 24-fold increase in OPA antibody titres for both PCV21 and
PCV20. Immunobridging criteria were met for 21 serotypes in cohort 2 compared with 50 — 64 years

age group in cohort 1.%6

A phase 3 study (STRIDE-9) in Japan in 450 pneumococcal naive adults showed PCV21 was non-
inferior to 23PPV for 12 common serotypes and for cross-reactive 15B. PCV21 induced numerically
higher GMTs than 23PPV against the remaining eight unique serotypes and cross-reactive 6C.*’

Summary

When compared with PCV20 or 23PPV, PCV21 induced robust antibody responses to shared and
unique serotypes in a range of adult age groups. It is likely to provide broader protection against
serotypes currently covered by PCV13 and 23PPV.

Vaccine effectiveness and potential impact

Data is limited on the real-world effectiveness of the higher valency PCVs currently in use.
Regulatory approval was granted based on immunogenicity and immunobridging from previous PCVs
(ie PCV7 and PCV13) for the shared serotypes and antibody responses to the extra serotypes.

Studies are underway. For example, a Merck/MSD-sponsored test-negative case-control study is
evaluating PCV21 (Capvaxive, MSD) against pneumococcal pneumonia in older adults in US and
Canada (HMA-EMA real-world data catalogue, EU PAS1000000640) but is not due to analyse data
until 2029. A phase 4 study is being conducted in Czechia, Israel and Spain investigating vaccine
effectiveness of PCV20 (Prevenar 20) against vaccine-type IPD in adults aged 65 and over, using
surveillance data (EU PAS1000000007) for which data analysis was due to commence this year.
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Details of published retrospective studies for PCV20 are summarised below and detailed in Table 14.
No studies were found to date about the effectiveness of PCV21 in adults or high-risk groups.

Real-world effectiveness

A large retrospective cohort study in the US (2022-2024; ~16.5 million adults aged >65 years in
Medicare) found that PCV20 vaccination was associated with moderate protection against a range of
pneumococcal and respiratory outcomes, although serotype-specific effectiveness could not be
assessed and there was some residual confounding around healthcare usage. Adjusted vaccine
effectiveness was 25.6% (95% Cl 17.4 — 33.0) against IPD, 23.3% (16.3 — 29.8) against pneumococcal
pneumonia, 15.2% (14.5 — 15.9) against all-cause pneumonia, and 7.4% (6.9 — 7.8) against lower
respiratory tract infection (LRTI). During the first year, this corresponded to reductions of 12.0 (8.0 —
16.0) IPD cases and 12.8 (8.2 — 17.4) pneumococcal pneumonia cases per 100,000, and much larger
reductions for broader outcomes (758 fewer cases all-cause pneumonia and 636 LRTI cases per
100,000).>! Noting that those who had received PCV20 prior to the study were excluded, and follow-
up was excluded if they received 23PPV within 2 years, PCV13 within 5 years and PCV15 prior to the
study date.>?

Effects were stronger in higher-risk groups, with 1.3—2.4 times higher absolute rate reductions in
those with immunocompromise or chronic conditions. For example, in immunocompromised adults,
there were 30 fewer IPD cases and around 1,864 fewer all-cause pneumonia cases per 100,000 with
adjusted vaccine effectiveness of 25.0% (13 — 35.3) and 16.5% (15.5 — 17.6), respectively. Overall,
PCV20 was associated with reductions in pneumococcal disease and a substantial public health
impact through prevention of pneumonia and LRTI in older adults.>?

PCV20 vaccination was associated with a lower risk of bacterial pneumonia and other respiratory
and severe clinical outcomes in individuals with inflammatory bowel disease (IBD) receiving
immunosuppressive medications in the US. The retrospective analysis included 12,796 individuals
after propensity matching. It compared those vaccinated with PCV20 with unvaccinated controls
(mean age vaccinated group 55.8 + 17.1 years and controls 55.2 + 16.3 years).>? Relative risk (RR)
reductions were observed for pneumonia (RR 0.54, 95% Cl 0.47 — 0.63), acute respiratory failure
(0.42, 0.35 - 0.50), hospital admission (0.57, 0.53 — 0.62), ICU admission (0.47, 0.40 — 0.57), and all-
cause mortality (0.32, 0.25 — 0.40); no effect seen for meningitis (RR 1.00, 0.42 — 2.40). Protective
effects against pneumonia were consistent across age groups, including ages 18 — 39 years (RR 0.50,
0.29 —0.84) and 40 — 64 years (0.55, 0.43 — 0.70).>2 Note, this study did not adjust for prior
pneumococcal or other vaccinations, socioeconomic factors, and potential healthy user bias. The
authors did not believe that vaccination alone accounted for the marked reduction in outcomes but
is a low-risk intervention used as part of a care bundle for individuals with IBD.>?

Modelling impact

Surveillance data from England (2022-23) found that IPD was associated with high mortality in
adults aged over 80 years. Adults living in care homes had a substantially higher risk than the general
population aged over 65 years.”3 A modelling study compared a planned programme of vaccinating
all adults from age 65 years with PCV20 with vaccination only of new care-home residents. The
modelling suggested that vaccinating all adults at age 65 would prevent some cases and deaths, but
is relatively inefficient (for example, ~3,700 people need vaccination [NNV] with 23PPV to prevent
one IPD case and NNV ~19,455 people to prevent one death). Targeting new care-home residents
prevents more outcomes per dose (NNV ~687 per case and ~1,095 per death). It was estimated that
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PCV20 could have a greater impact than 23PPV, with lower NNVs (e.g. NNV ~384 per case and ~774

per death in care-home residents). However, effectiveness of PCV20 is not yet established in any age
53

group.

Summary

PCV20 has the potential to make a meaningful population impact on IPD and respiratory outcomes
in adults. Based on limited data, vaccine effectiveness in older adults was around 25% against IPD
and pneumococcal pneumonia. The risk reduction was around double in immunocompromised
groups. It is unclear whether PCV20 will have a greater overall impact than 23PPV. One study
suggested that targeting high-risk groups (e.g. new aged-care home residents) may provide greater
benefit than universal age-based vaccination.

No data was available around the real-world effectiveness and potential impact of PCV21 in older
adults and special groups.
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Summary of evidence

Table 10: Burden of disease and pneumococcal vaccination in special groups

Outcomes Ref | Participants / study design Results Findings

Burden in adults with comorbidities

Review of risk 4 Review of evidence for adults at increased e PLWHIV IRR 14.6% vs general population, 4.5-fold higher rate despite antiretroviral treatment.
groups risk. of IPD, UK ) ) e Risk stacking: >2 comorbidities significantly higher risk of PD than single high-risk condition — not formally recognised in UK
E.stlmated 12.7% English population had >1 vaccination guidelines.
risk factor e Consensus statement HSCT revaccination recommendations — 3 primary doses from 3-6 months post HSCT and booster at 18 months
with either PCV13 or 23PPV.
e Overall, large gap in uptake for risk groups with PCV13 and 23PPV.
Eg. Dialysis — preferred place for vaccination in dialysis units rather than GP due to frequency of visits. But few accessing vaccination.
Despite this, funding only available to support vaccination programmes in primary care settings.
systematic 22 Systematic review of 58 reports and 46 Highest IRRs immunocompromising conditions: Most pronounced conditions with largest risk were
review, high included for meta-analysis. e Transplant = 30.8 (17.6-53.6) in line with current US recommendations for
risk conditions e More than 50 different risk conditions o Asplenia = 24.3 (18.6-31.7) pneumococcal vaccination.

for adults IPD were identified, 22 used
for domains for meta-analysis.

e PLHIV=21.9(15.7-30.4)

e Haematological malignancy = 19.6 (11.1-34.7)

o CKD <65y = 18.4 (11.4-29.7) vs CKD 265y = 5.2 (2.1-12.6)

e Compromised CSF barrier = 17.0 (2.8-103.9)

e Down syndrome = 47.5 (22.5-100.2)

Several studies suggested cumulative risk with multimorbidity.

e High level of bias and heterogeneity.

After adjusting for underlying conditions, age posed a small direct risk.

e Below age 65y, risk associated with a given condition was higher than in the
older population eg diabetes, chronic liver disease, African American ethnicity.

Secondary immunodeficiency, including adults on immunosuppressive

medication, mediated a relative risk size comparable to chronic lung, liver, or

heart disease or alcoholism.

continued next page
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Proportion of
adults at risk of
pneumococcal
disease
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Ref

25

Participants / study design Results
Annual cross-sectional study on
retrospective data, France 2014-2018 to
assess number of adults eligible for
pneumococcal vaccination. Total sample of
40 million adults beneficiaries in scheme.

In 2018, identified over 4 million patients at-risk of pneumococcal disease
e Mean age 66.1 years (55.1% aged 265 years), 18% >2 comorbidities.
e 14% immunocompromised (youngest ages, mean age 57.2 years £ 15.5)

Of these, ~3.6 million (90%) had chronic medical conditions (mean age 67.4 years
+14.3):

o 72% diabetes

e 17% chronic respiratory disease

e 12% heart failure (oldest age group at mean of 76.8 + 13.1 years)

e 8% chronic liver failure.

In all cases, the numbers of those at risk had increased between 2014 and 2018.

Risk and complications of community-acquired pneumococcal pneumonia

Hospitalisation,
Nz

28

Retrospective clinical record review, adult
CAP admissions at Christchurch Hospital,
NZ. Socioeconomic status using Geocoding
of residential addresses.

total of 2066 recorded CAP admissions,
1194 excluded (<18y, out of region, no
primary diagnosis, recently hospitalised).

924 hospitalisations included (81% NZE, 9% Maori, 5% pacific, 25% other).

76% 21 and 17% 23 major comorbidities; most common chronic cardiovascular
(47%) and 34% chronic respiratory disease.

Of 40% with sputum samples taken, H. influenzae 22% and S. pneumoniae 11% of
CAP. 13% coninfection with virus.

Ages (mean 70 + 18y)

e <50 =127 case (14%)

e 50-64 =158 (17%)

® 65-79 =318 (34%)

e >80 =324 (35%)

CAP hotspots, not equally distributed across SES quintiles (P<0.0001)

rates compared with quintile 1 (least deprived vs most deprived), rate ratio

o Highest quintiles 1.5 (1.3-1.8) and 1.6 (1.3-2.0); stratified by health deprivation
RR 2.3 (1.8-3.0) and income 1.4 (1.1-1.8)

e Maori and Pacific vs NZ European — younger and higher proportion in highest
deprivation.

e Geographically — most areas had rates <5 per 1000 but 2 areas rates 51 and 22
per 1000, removing age-care residents did not alter upper outliers and were
not distorting results.

e Maori and Pacific ethnicity correlated with deprivation — possible that
deprivation not ethnicity is predominant risk factor

e Average age of CAP in Maori 12 years younger than NZE.

Findings

This study assessed the annual size of the
population at risk for pneumococcal disease in
France in 2018. Approximately 10% of adults were
considered at increased risk of pneumococcal
disease, with 90% of these adults with chronic
medical conditions and 14% immunocompromised.

Study identified CAP hotpots in Christchurch
associated with socioeconomic disparities in health
equity.

Although age was a risk factor, the CAP hotspots
did not closely mirror age distribution across the
city.

Socioeconomic deprivation was an important but
not the only factor in the CAP clusters. These data
highlight a role for targeted preventative
interventions in these hotspots.
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comorbidities
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Ref

27

26

Participants / study design

CAPNETZ study, CAP 2001-2017, Germany
— identifying patients CLD

Total cohort of 11,832 with episodes of
CAP, 5449 hospitalised with information
on presence or absence of CLD. (Letter)

Retrospective cohort study of 2.2 million
patients aged >18 years, England, hospital
burden of CAP over 3 years. ICD10 codes.
Examine impact of a episode of
hospitalised CAP in those with 21 of six
underlying comorbidities:

CHD, CKD, CLD, CRD, diabetes, post-HSCT
with inpatient admission in 2012/2013.
Patients with CAP 2013/2014 followed 3
years and propensity-score matched to
those with same comorbidities not
hospitalised with CAP at any point in 3
years. Counter-balanced severity with
healthcare utilisation during baseline year
(2012/13)

Results

In this cohort, 289 patients (5.3%) with CAP had CLD.

These patients were significantly younger than those without. Median age 64
years (50-73) vs 73 (64-80 years) p<0.001

CLD patients with CAP had lower incidence of cardiac disease, CVD, diabetes —
likely due to younger age.

Chronic respiratory diseases were more common in this group.

CAP survival was lower despite younger age

e 30d mortality CLD vs non-CLD = 11.3% vs 7.1%; OR 1.67 (1.12-2.49) p=0.014
e 180d mortality = 19% vs 15.5%; OR 1.38 (1.0 — 1.92, p=0.054

e Age 265y, CVD, CHF, CLD independently associated with 30d mortality.

e CLD = 2" highest in hospitalised CAP (OR 2.35 (1.55-3.66)

Higher median hospital stay with CLD, even with other severe comorbidities — 12d
(IQR 8-16) vs 10 (8-14) p<0.001
CAP cases with bacteraemia CLD vs without = 19.6% vs 8.9%, p<0.001

After selecting hospital CAP in 2013/14 and 1:1 matched controls number in each
group: CHD = 36,386, CKD = 12,190, CLD 2,222, CRD 20,764, diabetes = 16,382,
post-BMT = 2,711

Relative risk (RR) of hospital admission after CAP ranged from: (see Figure 10)
Statistically significant increase in health-care resource utilisation observed.
Increase maintained for >2 years.

Patients with comorbidities hospitalised for CAP had substantially higher odds of
in-hospital mortality vs those without comorbidity. OR (95% Cl), each p < 0.0001
(see Figure 11)

e BMT=7.5(4.7-11.9)

e CLD=4.76 (4.12-5.51)

e CRD =5.94 (5.65-6.24)

Limitations — accuracy of CAP diagnosis — some pneumonia result of other
conditions. Unable to distinguish between community vs hospital acquired
pneumonia (did exclude all cases onset >48h after admission)

The study only included 6 comorbidities and did not include those with
immunosuppression or functional asplenia.

Findings

Hospitalisation and mortality rates of those with
CAP and CLD are higher than for those without
CLD., even in those with other severe morbidities.
Patients with CLD are hospitalised with CAP at a
younger age than those without, despite having
fewer other comorbidities, except chronic
respiratory disease.

Patients with CLD and CAP have double the
incidence of bacteraemia than those with CAP
without CLD.

continued next page

This study demonstrates the importance of
prevention of CAP in patients with comorbidities.
Admission to hospital for CAP can impact patient
and healthcare system for 3 years after initial
diagnosis. Risk of admission and mortality is
significantly increased for 3 years after initial CAP
hospitalisation in those with comorbidities
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patients with
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Ref

29

24

Participants / study design

Review of cardiac complications associated
with Spn CAP

Post-hoc analysis, incidence of pneumonia
in PARADIGM-HF trial which included
8,399 ambulatory patients aged >18y with
reduced ejection fraction heart failure
(HFrEF) on contemporary therapy and
compared with 3,796 patients aged >50y
with preserved ejection fraction (HFpEF) in
the PARAGON-HF trial. (North America,
Europe, Latin America, Asia-Pacific)
Comparator groups for pneumonia were
another type of infection — urinary tract
infection.

Results

Findings

Pneumococcal CAP is associated with cardiac complications — including AMI, new/worsening arrhythmia, new/worsening heart failure.

Most common among older adults and nursing home residents. Increase risk for long-term CVD.

Theories include involvement of major Spn protein virulence factor — pneumolysin in cardiac toxicity and platelet-driven neutrophil
activation. Pneumococcal adhesins have also been suggested to facilitate the trans-endothelial passage of the bacterium from circulation

into the heart tissue. Some capsular serotypes appear to have a greater propensity to invade the myocardium and to persist in the

cardiac cells and monocytes.

Some studies suggest the presence of persistent antigenemia following pneumococcal infections predispose to systemic

proinflammatory/prothrombotic phenotype.

Close interaction between influenza and pneumococcal pneumonia.

PARADIGM-HF trial:
e mean age 63.6 (+ 11.4) without pneumonia / 66.9 + 11.6 without pneumonia
(p<0.0001)
e 528 (6.3%) developed pneumonia
e incidence rate: 29 (95% Cl 27-32) per 1000 patient-years
e patients with pneumonia had more comorbidity (COPD 25.6% vs 12.0%),
diabetes (42.6% vs 34.1%), AF (45.6% vs 36.2%)
e post-first pneumonia = 3—5-fold elevation in risk of subsequent outcomes.
PARAGON-HF:
® mean age 72.4y (+ 8.4) without pneumonia / 75.6y + 8.0 without pneumonia
(p<0.0001)
e 510 (10.6%) with pneumonia
e |R=39(36-42) per 1000 patient-years
e patients with pneumonia also had more comorbidity, including COPD (26.2%
vs. 12.5%), diabetes (48.6% vs. 42.3%) and AF (61.4% vs. 51.5%). No difference
for current smoking.

Patients who had pneumonia had HF for longer, but no difference in frequency of
previous HF hospitalisations.

Urinary tract infection — many variables associated with pneumonia also
increased risk of UTI — older age, longer duration symptomatic HF, more
comorbidities (sex differed).

Unadjusted HRs for the analysed outcomes ranged from 1.31 to 2.23,
compared with 2.19 to 5.19 associated with pneumonia.

continued next page

The incidence of investigator-reported pneumonia
was high in patients with HF, especially HFpEF.

An episode of pneumonia was associated with an
approximately 4-fold elevation in risk of death.
The risk was greatest around the time of the
pneumonia episode but remained elevated beyond
3 months.

Encourage more greater use of pneumococcal and
influenza vaccination in patients with heart failure.
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Outcomes Ref | Participants / study design

Risk of heart 30 Prospective controlled study, Canada

failure post CAP 2000-2002. 4988 adults with CAP, no
history of heart failure, matched by age,
sex and setting of treatment with adults
aged <65y without pneumonia (controls)
or prevalent heart failure (n=23). Av age 55
years, 53.1% male, 63% outpatients.
(Excluded immunocompromised and other
high-risk groups)
Adjusted for comorbidity index

Use of 23PPV and/or PCV13 in special groups

23PPV 31 SRMA, 1946-2019, 18 studies included
protection total 716,108 participants.

against

cardiovascular

disease

Results

e Over median of 9.9 years (IQR range 5.9-10.6), 11.9% with pneumonia had
heart failure vs 7.4% controls (aHR = 1.6 (1.44-1.81), p<0.001

o within 90 days of pneumonia discharge 1.4% vs 0.6%, aHR = 1.61 (1.44-
1.81, p<0.001)
o within 1 year of discharge 3.3% vs 1.4%, aHR = 1.86 (1.5-2.32; p<0.001).

e Those aged <65 years had lowest absolute increase but greatest relative risk of
heart failure: 4.8% vs 2.2%, aHR = 1.98 (1.5-2.53)

e Those aged >65y had highest absolute increase but lowest relative risk: 24.8%
18.9%, aHR = 1.55 (1.36-1.77)

e Pneumococcal bacteraemia — significant risk of heart failure — 13.3% vs 7.4%,
aHR = 2.4 (1.08-5.3); non-pneumococcal bacteriaemia — no increased risk in
heart failure vs controls (aHR = 0.89; 0.32-2.4)

e Noincrease in risk of stroke or fractures shown (heart failure risk not a
reflection of increased frailty).

23PPV vaccination decreases risks of any cardiovascular event (AMI, CHF,

cerebrovascular (eg stroke/TIA events) in all age groups, but significant >65 not

younger:

e Any CV event: RR =0.91 (95% Cl 0.84-0.99; 15 studies)

e AMI: 0.88 (0.79-0.98; 12 studies)

e Cerebrovascular (4 studies) — no significant difference 0.96 (0.83-1.10)

o All-cause mortality — all age groups 0.78 (0.68-0.88) vs 265 years 0.71 (0.60-
0.84)

Possible confounding for healthier controls in those aged 18-64y, as unlikely to
received 23PPV under 65 if healthy.

Low numbers and lack of specific-event reporting, unable to assess impact of
23PPV on new or worsening CHF or arrhythmias.

Findings

continued next page

Community acquired pneumonia increases risk of
heart failure. Risk is extended to younger adults
who survive an episode of pneumonia but may not
typically be seen as higher risk for heart failure.
Consider use of pneumococcal vaccination in
patients at high risk of pneumonia and CV disease.
Subsequent shortness of breath or wheeze may
not be related to another RTI but new onset heart
disease.

Polysaccharide pneumococcal vaccination
decreased the risk of some cardiovascular diseases
particularly for those aged >65 years.

continued next page
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Outcomes Ref

Vaccine 32
effectiveness

23PPV against

CvD

Impact of 33
PCV13 on COPD
and CVD

Participants / study design

Population-based nested case-control
study (VENUS), Japan.

383,781 individuals, 5,356 with acute
myocardial infarction (AMI) and 25,730
with stroke matched with 26.753 and

128,397 event-free controls, respectively.

23PPV vaccinated compared with
unvaccinated.

Sub analysis of prospective observational
study, 121 COPD patients followed for 18
months with/out CVD (ischaemic heart
disease, HF, arrythmia, cerebrovascular
accidents).

(letter to editor)

Results

follow-up median 2.5 years (IQR 2.2-2.5)

Mean age of index date = AMI 79.3 (SD 7.6) stroke 79.4 (7.4 years)
23PPV vaccinated had lower odds of AMI or Stroke

e AMI aOR=0.70 (0.62-0.80)

e Stroke aOR = 0.81 (0.77-0.86)

More recent 23PPV (within 6 months) further lowered odds. No difference if
vaccinated 2720 days prior to event/matched index data
e <6m AMI aOR = 0.55 (0.42-0.72); stroke 0.83 (0.74-0.93)

e >720 days AMI = 1.11 (0.84-1.47); stroke 0.90 (0.78-1.03)

AMI and stroke cases had higher percentage of comorbidities (CHF, cardiac

arrythmias, valvular disease, peripheral vascular disorders, hypertension, COPD,

diabetes, renal failure.

o No difference in the number of months with outpatient visit over prior 6
months

e Adjustment for influenza vaccination did not change results

71/121 patients (59%) classified as having CVD with COPD (COPD/+CVD)

compared with COPD/-CVD group.

e 50% of non-vaccinated vs 16.1% of vaccinated COPD/+CVD patients were
hospitalised (p = 0.007)

o Not statistically different for COPD/-CVD vaccinated and unvaccinated (23% vs
13%, p=0.413)

In COPD/+CVD group, exacerbator (based on number of hospital admissions

during study period for COPD, excluding CAP) and non-exacerbator phenotypes

identified:

e PCV13 vaccination reduced risk in non-exacerbating patients (OR 0.05,
P=0.013)

e 43.3% of the non-vaccinated COPD/+CVD non-exacerbator phenotype patients

were admitted to hospital at least once compared to only 3.8% of the
vaccinated ones.

o Not significant for exacerbator type p=068

o Not significant for COPD/-CVD group.

Findings

23PPV vaccination decreased the risk of AMI and
stroke in older adults, including those with
underlying cardiovascular comorbidities.

Noted that this study had a higher age (~80 years)
and greater protection was reported than other
studies. Although there was potential confounding
lifestyle and healthy-user biases, sensitivity
analyses suggest 23PPV had a role in reducing CV
events.

PCV13 vaccination reduced risk of hospitalisation in
patients with non-exacerbating COPD plus
cardiovascular disease. COPD exacerbations were
predominantly associated with bacterial infections,
only 15% pneumococcal.

Limitations — small sample size — observed effects
did not fit logistic regression adequately.

continued next page
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Outcomes Ref | Participants / study design Results Findings

Abbreviations: AF — atrial fibrillation; aHR — adjusted hazard ratio; AMI — acute myocardial infarction; aOR — adjusted odds ratio; BMT — bone marrow transplant; CAP — community-acquired pneumonia; CHD —
chronic heart disease; CHF — congestive heart failure; CKD — chronic kidney disease; CLD — chronic lung disease; COPD — chronic obstructive pulmonary disease; CRD — chronic respiratory disease; CSF —
cerebrospinal fluid; CV — cardiovascular; CVD — cardiovascular disease; GP — general practice; HF — heart failure; HFpEF — heart failure with preserved ejection fraction; HFrEF — heart failure with reduced ejection
fraction; HR — hazard ratio; HSCT — haematopoietic stem cell transplant; IPD — invasive pneumococcal disease; IQR — interquartile range; IR — incidence risk; IRR — incidence rate ratio; PD — pneumococcal disease;
PLHIV — people living with HIV; 23PPV — 23-valent pneumococcal polysaccharide vaccine; PCV — pneumococcal conjugate vaccine; RR — risk ratio; RTI - respiratory tract infection; Spn — Streptococcus pneumoniae;
SRMA — systematic review meta-analysis; TIA — transient ischaemic attack; UTI — urinary tract infection; UK — United Kingdom; US — United States of America
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Table 11: Indirect protection and international recommendations

Outcomes

Participants / study design

Results

Findings

Transmission and indirect protection

Indirect 34
protection
from children

Preschool age, 35
indirect
protection

Limited 36
indirect
protection

Targeted literature review March 2023.

Surveillance data, Israel. 2009-2016. PCV7
catch up in children under 24 months,
replaced with PCV13 in 2010. NP swabs
taken from first 4 Jewish and 4 Bedouin
children aged under 5 years who visited ED.
Recorded number of PCV doses received.
Data only based on Jewish children
(n=4,464) due to the way IPD data was
collected in the regions. Modelled indirect
effects.

IPD cases in Germany.
23PPV routinely recommended age 260y but
low uptake

Impact of infant PCV programme on NPC in adults — most studies showed a decrease, two show increased non-vaccine types.
indirect effects have been shown with established paediatric vaccination programmes in young, adults with underlying conditions and

older adults.

Dependent on serotype replacement and variable magnitude of indirect effect. Burden due to non-vaccine serotypes remains high in

adults.

Among 4,464 Jewish children, prevalence of PCV7 serotypes in NP swabs declined
from 21% in 2009 to 2.6% in 2016, apparent in all ages under 5. Most rapid
declines in 12-23 and 24-35 months, slower in <12m and 36-59 months.

A decline in IPD due to PCV7 serotypes in adults (age 18-39, 40-64 and 65) was
most strongly associated with increase in direct effect from 36-54, 30-59 and 30-
54 months. Statistical support from 6-59 months but weaker significance if
included <12m infants. Strong evidence that direct protection among older
children (from 36 months) related to decline in IPD in adults but direct protection
against carriage for under 12 months was not as important for indirect
protection.

Declines in carriage 224 months and under 6 months were most strongly

associated with declines in adult IPD (PCV7 serotypes).

e IPDin infants declined from 11.09 to 5.94 per 100,000 between 2003/6 to
2017/18.

o Adults cases 260y rose from 1.64 to 10.08. PCV13-IPD = 31% of cases - due to
ST3 (21% of cases for age group)

e Coverage for PCV15 and PCV20 in children would increase to 8.5% and 28%,
respectively, but in adults increase by 10.4% and 21.9%.

With the building of pneumococcal immunity in
children and reducing carriage in preschool-aged
children, rather than infants, maintain indirect
benefits of PCVs to adults.

The first two doses in infancy have a weak effect
on colonisation but the toddler booster dose
provides strong protection against carriage and
subsequent transmission.

These finding suggest that catch-up campaigns in
children aged 1-5 years could accelerate indirect
benefits of PCVs.

Seems herd protection from infant programme
has reached its limit in Germany (serotype 4, 19F
and 19A IPD have persisted in adults) and no herd
protection from serotype 3.

continued next page

40



Review of Evidence, 2026: Pneumococcal — adults and special groups

Outcomes Participants / study design Results Findings
Adults as a 37 Nasal wash samples from adults age 18-44 e 98isolates from 97 carriers from 1631 adults (standardise carriage prevalence Particular serotypes may be circulating in young
reservoir years without close contact young children 6.4%) Carriers ranged from 18-58 years. Only 1 carried >1 serotype. adults. These were similar to the predicted

(Liverpool, UK) in 2011-2019. . e Higher proportion PCV13 serotypes in young adults than children (22.2% vs serotype distribution in older a.dults. Such that
NPC from NP swabs was compared in adults 4.3%) young adults may be a reservoir for

18-44y with vaccinated young children aged =7 pneumococcus in the community and older adults.
13-48 months (Thames Valley), and national o Different serotype distribution in young adults vs children. Abundant serotypes

IPD data 214-2019. in young adults — 3, 8, 37 — likely circulating in adults and older children.
Serotype-specific case-carrier ratio — e Invasiveness was generally higher in young adults. Serotype invasiveness was
estimate no. of carriers / serotype-specific highly correlated (R=0.9) in young adults.

IPD cases.

e Serotype 37 was not reported in IPD cases for same period

International recommendations

Comparison 4 Review of evidence for UK programme e Uptake of 23PPV is low in high-risk groups, national strategies required to urgently optimise vaccine access and coverage.
between (2023) e Lack of international consensus around risk groups
countries

o Noted an increase in pneumococcal septic arthritis in older adults and underlying comorbidities due to non-vaccine and 23PPV/non-
PCV13 serotypes

Older adults 19 Review of programmes (2022-2024) o Single dose of PCV20 for older adult and high-risk groups
and at-risk e Additional dose of PCV20 for those previously vaccinated with PCV13/23PPV or incomplete schedule.
groups

e Most European countries recommended PCV20 for adults aged 265 years, some from age 260 years.
e For high-risk groups, most countries recommend PCV20 as an option from age 18 years, some only from 50 years.

Abbreviations: ED — emergency department; IPD — invasive pneumococcal disease; NP — nasopharyngeal; NPC — nasopharyngeal carriage; PCV — pneumococcal conjugate vaccine; PCV20, PCV15, PCV13 - 20-
valent, 15-valent, 13-valent pneumococcal conjugate vaccine; 23PPV — 23-valent pneumococcal polysaccharide vaccine; UK — United Kingdom
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Table 12: Vaccine safety

Outcomes

Participants / study design

Results

Findings

PCV20

Pivotal trial safety,
immunogenicity
and tolerability

Safety, tolerability

Immunogenicity
and safety

Safety and
immunogenicity,
India

38

39

40

41

Phase 3 RCT three age groups (18-49,
50-49, 260y). US and Sweden.
Randomised 1:1 to 1 dose PCV20 or
PCV13.

Those aged 260 received saline or
23PPV.

(NCT03760146, Pfizer)

Phase 2 RCT 444 adults aged 60-64y
in US. Randomised 1:1 to PCV20 plus
1 month later saline or PCV13 +
23PPV 1 month later.
(NCT03313037, Pfizer).

phase 3, RCT, 1708 pneumococcal
naive adults aged 18-49y randomised
2:2:2:1 to three lots of PCV20 vs
PCV13. (NCT03828617, Pfizer)

phase 3 RCT in Indian adults aged
>18 years given PCV20

Groups aged 18-49 and 250y, 200
per group. First 50 of each group
enrolled in immunogenicity study.
(NCT05875727, Pfizer)

e Out of 3009 randomised participants aged 260y, 2997 received first
vaccination (66.2% aged 60-64y, 31.4% aged 65-79y and 2.3% aged 280y).

e 432/445 (97%) aged 50-59 and 423/448 (94%) aged 18-49 completed the
study.

e Fever (<7d) - 0.9-1.5% PCV20 and 0.8%-1.8% PCV13

e Muscle pain most frequent reaction, highest in younger group (60-70% vs
<40% older)

e SAE up to 6 months f/u — infrequent and similar between vaccines in each age
group — none considered vaccine related.

e Local and systemic reactions were similar between groups. No vaccine-related
SAE

e Local pain at injection site (57.7% PCV20 vs 53.6% PCV13 and muscles pain
(43.2% and 36.5%) most frequent reactions — mild to mod in severity, lasting
1-2 days.

e No SAE were considered vaccine related. No deaths occurred.

e Three lots of PCV20 tested against PCV13

e 38% reported local reactions, 23% system events within 7 days of vaccination.

e Injection site pain (43.5% 18-49y and 32% aged >50y)

e Systemic: muscle pain (14.5% and 9%), fatigue (12% both), headache (11.5%
and 12%). Fever 3% and 1.5%.

e No SAE or deaths reported.

Severity and frequency of local and systemic
reactions were similar for PCV20 and PCV13. No
safety concerns identified.

PCV20 was well tolerated in adults aged 60-64 years
and consistent with other PCVs.

Safety profile similar to PCV13.

PCV20 was well tolerated with acceptable safety
profile in Indian adults. Findings consistent with
other studies.

continued next page
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Results

Findings

safety and
immunogenicity, SE
Asia, 260

prior pneumococcal
vaccination age 265

PCV20
coadministered
with Comirnaty, age
265 years.

42

43

44

phase 3 Japan, S Korea, Taiwan. 1421
age 260 years (stratified 60-64y and
>65y)

Randomised 1:1 to receive PCV20
plus saline after 1 month or PCV13
plus 23PPV. (NCT04875533, Pfizer)

Phase 3 RCT in US and Sweden.

Three cohorts of adults (n=875) aged

265 years (median age 68-69 years)

Randomised 2:1 to PCV20 or PCV13.

e History of 23PPV only = 1 dose
PCV20 or PCV13

e History PCV13 only — given 1 dose
PCV20 or 23PPV

e History of both — given PCV20 only

phase 3 RCT in US. 570 adults aged
265 years randomised 1:1:1 to
coadministered PCV20 plus mRNA-
CV (Comirnaty), to PCV20/saline or
mRNA-CV/saline. (NCT04887948,
Pfizer)

1421 included in safety population.

e 44.5% age 60-64y; 50.6% aged 65-74y and 5.2% aged >75y

e Similar local reactions to PCV13 and to previous studies.

e Two SAE considered potentially vaccine related in one participant following
PCV13 (pyrexia and urticaria). No SAE to PCV20.

o Similar rates of local and systemic reactions and AE after PCV20 across
cohorts and similar to PCV13 and 23PPV in control groups.

e Reactions were mild to moderate. Most frequent — pain at injection site and
muscle pain.

e Fever was infrequent: 2 participants (0.8%) PCV20 with prior 23PPV; 2
participants (1.6%) after 23PPV with prior PCV13.

e No SAE were considered vaccine related and were consistent with medical
events in the age group.

Most frequent were mild to moderate local reaction

® injection site pain in 60-73%, lower in PCV20 only group, median duration 2.5-

3days

e systemic events — fatigue across all groups, fever uncommon (1 case (0.5%)
coadministered, 2 cases (1.1%) mRNA-CV only)

e Addition of PCV20 didn’t appear to increase rate of AE — coadministered
similar to mRNA-CV alone. (Coadministered for any related AE 4 [2.1% (0.6-
5.4)] vs O for PCV20-only and 1 [0.5% (0-3.0)] mRNA-CV only

Incidence of AE and SAE were low. No AE led to discontinuation and no SAE
were considered vaccination related.

Safety profile of PCV20 was consistent in this study
to other studies and PCV13. No safety concerns
raised.

PCV20 safety and tolerability profile was similar
between adults aged 265 years with different
pneumococcal vaccination histories and to PCV13
and 23PPV in control groups.

Overall safety profile of PCV20 coadministered with
mMRNA-CV was like that of mRNA-CV.
Coadministration was well tolerated.

continued next page
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Participants / study design

Results

Findings

Outcomes

Post licensure 45
VAERS

PCV21

Safety and 46

immunogenicity,
with/out chronic
medical conditions,
PCV21 vs PCV20

265y, Japan 47

US VAERS aged 219 years, Oct 2021-
Dec 2023

phase 3 V116/ PCV21 (STRIDE-3), 11

countries or territories.

Stratified by age

e cohort 1 50-64, 65-74, 75-84,
>85y) randomised 1:1 for PCV21
or PCV20 (n=1179 vs 1177)

e cohort 2 ages 18-49 years 2:1
PCV21 vs PCV20 (n=200 vs 100)

e Prespecified conditions did not
include immunocompromise
(chronic organ diseases, diabetes,
smoking, alcohol disorder)
(NCT05425732, MSD)

phase 3 V116/PCV21 (STRIDE-9), 450

pneumococcal vaccine-naive 265y,
Japanese adults. Randomised 1:1
PCV21 or 23PPV (NCT05633992,
MSD)

Ages 19-64y (n = 798)

Injection-site reactions 29%, pain 17%, erythema 15% fever 15%

Age 265y (n=1178)

e Injection-site reaction 35%, pain 15%, pain in extremity 14%, erythema 13%

GBS — data mining alert for serious reports

11 clinical verified / 20 reports, 7/11 vaccine recipients aged =65y

Of 11 cases, median time 14 days to onset, 5 received another vaccine on
same visit.

Reporting rate — 0.5 cases per million distributed.; 0.9 cases per 100,000
person-years.

US CDC and FDA investigating signal further. Previous studies found no
increase in risk associated with PCV13.

Cohort 1: 58.2% PCV21 vs 66.2% PCV20 reported >1 AE

Cohort 2: 82% PCV21 vs 79% PCV20 >1 AE

Most common — injection-site pain a, fatigue, headache; generally similar
between vaccine groups.

No SAE or deaths were considered vaccine related.

40% in each group reported 21 AE, mild to moderate intensity, <3 days
Comparable AE between cohorts.
No SAE or deaths associated with the vaccine.

VAERS report findings were similar to PCV13 in
adults aged 219 years.

Rates of GBS were comparable to the background
rates for this age group but not known how many
doses were distributed to the population at higher
risk of GBS.

PCV21 was generally well tolerated with a similar
safety profile to PCV20. The safety results were
consistent with other numerous PCV studies in
adults. Incidence of adverse events were higher in
younger adults, as also seen with other PCVs.
Study excluded those with previous pneumococcal
vaccination and those with immunocompromising
conditions.

PCV21 has a comparable safety profile to 23PPV and
is generally well tolerated in pneumococcal vaccine-
naive Japanese adults aged >65 years. Findings were
consistent to other PCV21 RCT.

continued next page
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Outcomes

Participants / study design

Results

Findings

higher valency

PCV24 12
(Astellas/Affinivax)

PCV24 (Vaxcyte), 13
older adults
PCV31 (Vaxcyte), 14

over 50 years.

Phase 2 RCT, dose finding — adults
18-64 and 65-85 years. Randomised
PCV24 (designated ASP3372, since
renamed AFX3772, Astellas
Pharma/Affinivax) or PCV13. A non-
randomised group aged 65-85y who
received PCV13 also given 23PPV.

Phase 2 RCT dose finding VAX-24 vs
PCV20 (Prevenar 20) 200 adults aged
65 years.(NCT05297578.)

phase 1-2 dose finding RCT,
pneumococcal naive adults aged
>50y given PCV31 (VAX-31; Vaxcyte)
or PCV20.

Safety followed for 6 months. Total
1015 randomised to 3 dose groups
plus PCV20 group; mean age 59.8 SD
6.7

Both age cohorts — most frequent local reaction pain and tenderness within 2-
3 days and systemic — headache, fatigue and myalgia with either vaccine.

43.4% — 68.6% of VAX-24 groups reported >1 solicited AE

37.3-62.7% - 2local AE and 28.3-44% > systemic AE. Large overlapping Cl with
PCV20.

Most were mild to moderate in intensity

No severe solicited AE in PCV20 group.

Severe solicited AE in VAX-24 groups — ranged from 3.8% to 7.8%, included
erythema, fatigue, muscle pain, headache, joint pain, local pain.

No MAAE, NOCI or SAE considered vaccine related or apparent pattern in 6
months post vaccination.

Overall, safety profile was consistent between groups.

Participants reported 21 AE: 76% (95% Cl 70-81%) low dose, 78% (72-83%)
mid dose, 83% (78-87) high dose PCV31 and 71% (65-77) PCV20

Most started day 1 and median duration 2 days (IQR 1-4)

2% reported grade 3 solicited AE across all groups: local pain, swelling,
redness, fever, headache, fatigue, myalgia. Similar between PCV31 and PCV20
No SAE or NOCI associated with vaccines.

Five participants had 8 probably vaccine-related medically attended AE in low
and med dose PCV31 groups only.

PCV24 was well tolerated in both age groups and
had a comparable reactogenicity profile to PCV13.

Safety profile was comparable across the three
doses of VAX24 and PCV20.

Findings supported the use of 2.2ug VAX-24 into
phase 3 trials.

Despite potentially enhance immunogenicity, safety
profile was consistent with an experimental PCV24
(VAX24) and PCV20.

Abbreviations: AE — adverse events; CDC — Centers for Disease Control and Prevention; FDA — Federal Drug Administration; GBS — Guillain-Barré syndrome; MAAE — medically attended adverse events; mRNA-CV —
messenger RNA COVID-19 vaccine; MSD — Merck Sharp and Dohm; NOCI — new onset chronic illness; PCV — pneumococcal conjugate vaccine; 23PPV — 23-valent pneumococcal polysaccharide vaccine; RCT —
randomised controlled trial; SAE — serious adverse events; SD — standard deviation; US — United States; US CDC - Centers for Disease Prevention and Control (US); VAERS — Vaccine adverse events reporting

system;

45



Review of Evidence, 2026: Pneumococcal — adults and special groups

Table 13: Immunogenicity

Ref | Participants / study design

Outcomes

Results

Findings

PCV20

Pivotal trial safety, 38
immunogenicity
and tolerability

phase 3 RCT three age groups: 18-49 y
(n=423 completed study), 50-59 y(n=432),
>60y (n=2835). US and Sweden. Randomised
1 dose PCV20 or PCV13.

Those aged 260 received saline or 23PPV
OPA compared in 260 group. Younger
participants PCV20 response immunobridged
to age 60-64 y response. (NCT03760146,

Pfizer)

immunogenicity 40 phase 3, RCT, 1708 pneumococcal naive

and safety adults aged 18-49y randomised 2:2:2:1 to
three lots of PCV20 vs PCV13.
(NCT03828617, Pfizer)

safety and 41 phase 3 RCT in Indian adults aged >18 years

immunogenicity, given PCV20

India Groups aged 18-49 and 250y, 200 per group.
First 50 of each group enrolled in
immunogenicity study. (NCT05875727,
Pfizer)

safety and 42 phase 3 Japan, S Korea, Taiwan. 1421 age

immunogenicity, >60 years (stratified 60-64y and >65y)

SE Asia, 260 Randomised 1:1 to receive PCV20 plus saline

after 1 month or PCV13 plus 23PPV.
(NCT04875533, Pfizer)

Primary immunogenicity objectives were met (at 1 month) — PCV20 non-
inferior to 13 matched PCv13 serotypes and 6 additional 23PPV serotypes
(age=60y).

OPA GMT slightly lower for PCV20 for PCV13-matched serotypes.
Serotype 8 did not meet non-inferiority PCV20 vs 23PPV OPA GMR = 0.55
(0.49-0.62), but higher for remaining 6 shared serotypes.

Secondary objective — OPA response in younger age groups non-inferior to
60-64y-grou for all 20 serotypes. Highest in younger group.

No difference between lots
Non-inferiority criteria met

OPA GMT increased from baseline to 1 month post PCV20 vaccination to all
20 serotypes.

GMFR ranged from 5.9 to 49.8 for PCV13-matched serotypes and from 5.4 to
15.7 for additional 7 serotypes.

Prevaccination GMTs were higher for young participants.

% participants with OPD >LLOQ ranged from 88.9% - 100% for PCV13
serotypes and 98.9% - 100% for additional 7 serotypes.

PCV20 was non-inferior to PCV13 for all 13 shared serotypes and to 23PPV
for 6/7 additional serotypes.

Non-inferiority missed for serotype 8 although it induced a robust immune
response.

80.5% participants had a >4-fold increase in OPA titres from baseline to 1
month post PCV20 for serotype 8. (ranged from 61.1% to 86.9% for
additional 7 serotypes).

PCV20 elicited robust, functional antibody
response to all 20 serotypes in adults. Non-
inferior response to 13 shared serotypes with
PCV13 and for 6/7 shared serotypes with 23PPV.

Three lots of PCV20 induced a consistent and
robust immune response to all 20 vaccine
serotypes in young adults.

PCV20 elicited robust immune response in Indian
adults aged >18 years. Findings were consistent
with previous RCT in adults.

PCV20 elicited a robust immune response in East
Asian adults aged >60 years in Japan, South Korea
and Taiwan to all vaccine serotypes. Findings
were consistent with previous RCT in adults.

continued next page
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prior 43 Phase 3 RCT in US and Sweden. Three PCV13 serotypes Robust immune responses were observed against
pneumococcal cohorts, adults (n=875) aged 265 years o baseline OPA GMT higher for those with prior PCV13/23PPV, then PCV13, 20 vaccine serotypes, regardless of previous
vaccination age (median age 68-69 years) Randomised 2:1 to pneumococcal vaccination.

lowest with 23PPV only.
>65 PCV20 or PCV13. 1 th t PCV20 — OPA GMT ically higher f ior PCV13 onl Data suggested that PCV20 would be a preferred
. _
e History of 23PPV only - 1 dose PCV20 or mon ?os .numenc..au v |.g erforprior ony, choice as an alternative to 23PPV revaccination, if
lowest prior 23PPV only. GMFR highest with prior PCV13.

PCV13 indicated.
. . for additional 7 serotypes
e History PCV13 only — given 1 dose PCV20 . .
or 23PPV e OPA GMT were numerically highest for PCV13/23PPV, followed by 23PPV
X i and then PCV13.
e History of both —given PCV20 only . B
e GMFR highest for PCV13 (naive to these serotypes)
Immunogenicity in 50 Post hoc analysis two phase 3 RCT. Total e Median age lower in the PCV20 groups Robust immune responses were shown against
adults at risk 18 - 4369 participants aged 18-64 years. e 30% had >1 risk factor all 20 serotypes in adults with higher risk of
64 Study 138 three cohorts — 18-49, 50-59, e OPA GMR PCV20 comparable to PCV13 for 13 matched serotypes Pneumococcal dlsgase (excluded
. ) . immunocompromised).

260y, randomised 1:1 age 260 and 3:1 e OPA GMR higher for PCV20 than 23PPV, except serotype 8 (as seen in

younger to PCV20 or PCV13. 260y given original study). Other immunogenicity measures showed response to all

23PPV 1 month later. (NCT03760146)

40 PCV20 serotypes.

study 2 adults 18-49y, 3 lots PCV20

>1 medical risk factor or smoker (incl

diabetes, chronic pulmonary disease,

excluding immunocompromised)
PCV20 44 phase 3 RCT in US. 570 adults aged >65 e Observed SARS-CoV-2 GMFR at 1 month post vaccination were similar Coadministration of PCV20 and mRNA-CV dose
coadministered years randomised 1:1:1 to coadministered between coadministered and mRNA-CV only groups (35.5 and 39.0, not result in clinically significant interference of
with Comirnaty, PCV20 plus mRNA-CV (Comirnaty; designated respectively) the immune response to either vaccine.
age 265 years. BNT162b2), to PCV20/saline or mRNA-

CV/saline. (NCT04887948, Pfizer) e PCV20 elicited robust response 1 month when coadministered with mRNA-
CV for all 20 pneumococcal serotypes.

e Similar response to PCV20-alone.

e Observed GMFR: 2.5 —24.5 coadministered and 2.3-30.6 PCV20 alone.

e OPA 24-fold rise: 24.6-67.9% coadministered vs 22.7% - 71.0% alone.

e Post hoc analysis (model-based OPA GMR, lower bound GMR >0.5) = 2-fold
non-inferiority margin would have been met for all 20 serotypes between
groups.

continued next page
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PCV21

Safety and 46
immunogenicity,
with/out chronic
medical

conditions,

PCV21 vs PCV20

265y, Japan 47

phase 3 V116/ PCV21 (STRIDE-3), 11

countries or territories.

Stratified by age

e cohort 1 50-64, 65-74, 75-84, >85y)
randomised 1:1 for PCV21 or PCV20
(n=1179 vs 1177)

e cohort 2 ages 18-49 years 2:1 PCV21 vs
PCV20 (n=200 vs 100)

e immunobridging for 21 serotypes for
adults aged 18-49 to 50-64 years (OPA
GMT lower bound 95% CI > 0.5 for non-
inferiority)

Prespecified conditions did not include
immunocompromise (chronic organ diseases,
diabetes, smoking, alcohol disorder)
(NCT05425732, MSD)

phase 3 V116/PCV21 (STRIDE-9), 450
pneumococcal vaccine-naive 265y, Japanese
adults. Randomised 1:1 PCV21 or 23PPV
(NCT05633992, MSD)

cohort 1

e PCV21 met non-inferiority to PCV20 for all 10 shared serotypes (p<0.0001
for each serotype)

e Superiority was met for 10/11 unique serotypes in PCV21

e Lower bound 95% Cl 22.0 for all except serotype 15 C (1.77)

e Immune response similar to PCV20 for 15B serotype (cross-reaction from
15C)

e Serotype 6C did not meet acceptable response; similar proportion of
individuals with 24-fold OPA Ab rise to 6C before and after vaccination was
similar between PCV21 and PCV20 groups. (6A cross-protects against 6C).

cohort 2 (immunobridging)
e Met the predefined criterion for all 21 serotypes in PCV21 for those aged 18-
49 vs age 50-64y. (lower bound 95% Cl OPA GMR >0.5).

e Immunogenicity endpoint — OPA GMT day 30

e PCV21 was non inferior to 23PPV for 12 common serotypes and for cross-
reactive serotypes 15B.

e PCV21 was superior for unique 15C

e GMT for PCV21 was numerically higher than 23PPV for remaining 8 unique
serotypes and cross-reactive serotype 6C

PCV21 is non-inferior to PCV20 for serotypes in
common and superior for unique serotypes,
except 6C. Robust responses were seen against
6C but non-inferiority was not met.

PCV21 has potential to broaden serotype
protection against pneumococcal disease in older
adults in Japan.

continued next page
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higher valency vaccines

PCV24
(Astellas/Affinivax)

12

Phase 1 /2 RCT, first in human dose finding —
adults 18-64 and 65-85 years. Randomised
PCV24 (designated ASP3372, since renamed
AFX3772, Astellas Pharma/Affinivax) or
PCV13 Immunogenicity measures day 30
post vaccination.

Group 1 (phase 1): Pneumo-naive, age 18-49,
n-40 per treatment arm (dose 2ug, 5ug or
PCV13)

Group 2 (phase 2): pneumo-naive age 65-85y
132/treatment arm (dose 2ug, 5ug or PCV13)
Group 3 (phase 2): previously vaccinated
PCV13, aged 65-85y, n=99, given 23PPV.

Group 1 (age 18-84)

e OPA titres increased for all 24
serotypes day 1-30.

e OPA GMT comparable for shared
PCV13 serotypes and greater for
PCV24-only serotypes.

® IgG responses were robust and
comparable for shared PCV13 types;
statistically higher against serotype 3
for PCV24 (2 and 5ug) and higher for
unique serotypes.

Group 2 (age 65+, naive)

e OPA GMT comparable for most
shared serotypes and significantly
greater for unique serotypes.

e OPA GMTs were significantly greater
for serotype 3 than PCV13.

Group 3 (age 65+ prior PCV13, given

23PPV)

e Baseline OPA GMT were significantly
lower for PCV13-naive than PCV13-
experienced.

e Day 30 OPA GMT were greater for
PCV13-naive PCV24 recipients than
PCV13-23PPV recipients.

e Day 30 OPA GMT following PCV24
were significantly greater than
23PPV for most serotypes including
10/11 serotypes not found in PCV13.

These groups had preexisting
antibody to sp1500+sp0785 fusion
protein. Specific IgG increased for
all PCV24 participants

aged 18-64 years GMFR
increased by 5-6-fold

ages 65-85 GMFR increased by 9-
13-fold.

No increases in PCV13 only
groups.

Th17 cell induction

Group 1: day 30 5ug group
significantly more fusion protein
specific Th17 and higher IL-17
production than PCV13 group.
No difference for lower doses.
Group 2: no significant
difference at day 7 but at day 30
fusion-protein specific Th17, IL-
17 and IL-22 were significantly
greater in 5ug group vs PCV13
but not for lower doses.

Robust immunogenicity was shown for this
PCV24 candidate with functional antibody
response comparable or higher than serotypes
shared with PCV13 or 23PPV.

Further larger studies are required since baseline
levels varied in these groups.

No clinical significance has been determined yet

for fusion-protein-specific antibody and Th17
responses.

continued next page
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PCV24 (Vaxcyte), 13 Phase 2 RCT dose finding VAX-24 vs PCV20

older adults (Prevenar 20) 200 adults aged 265 years.
(NCT05297578.) Exploratory immunogenicity
comparisons.

PCV31 (Vaxcyte), 14 phase 1-2 dose finding RCT, pneumococcal
over 50 years. naive adults aged =50y given PCV31 (VAX-31;
Vaxcyte) or PCV20.
Safety followed for 6 months. Total 1015
randomised to 3 dose groups plus PCV20
group; mean age 59.8 SD 6.7

All study vaccines induced a robust OPA response. 2.2ug doses elicited
similar GMTs to PCV20 for all 20 shared serotypes.

e GMT point estimates were higher for VAX-24 for 16/20 shared serotypes and

OPA GMT were significantly higher for non-PCV20 serotypes. Dose response
effect was seen.

Likewise, similar proportions of participants had >4-fold increase in OPA
titres at 1 month for shared serotypes. And higher for VAX-24 only
serotypes.

Immunogenicity results were similar across age subgroups with lower
responses with increasing age.

e OPA GMT for high does were on average approx. 23% higher than those of

PCV20 across 20 shared serotypes, mid dose with similar polysaccharide
content to PCV20 was only 8% higher overall and numerically lower for 6
serotypes (including ST3).

High dose elicited highest response against ST3.

VAX-24 elicited a robust immune response in
older adults against 24 serotypes. At a dose of 2.2
g met non-inferiority criteria compared with
PCV20.

VAX-31 elicited a robust immune response across
all 31 serotypes. A mid and high doses, it met
non-inferiority criteria against shared PCV20
serotypes. Low dose was non-inferior for 18/20
serotypes. For 11 additional serotypes, VAX-31
met predetermined OPA superiority for all doses.

Abbreviations: GMT — geometric mean titre; GMFR — geometric mean titre fold rise; GMR — geometric titre ratio; LLOQ — lower level of quantification; OPA — opsonophagocytic activity; PCV — pneumococcal
vaccine (13, 20 or 21 valent); 23PPV — 23-valent polysaccharide vaccine; ST3 — serotype 3.
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Table 14: Vaccine effectiveness and potential impact
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Ref | Participants / study design

Results
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PCV20

Real-world
effectiveness

51 Retrospective Medicare databased cohort
study, adults 265y, US. July 2022-June
2024,

Excluded if had PCV20 prior to study,
follow-up excluded if received 23PPV
within 2 yrs, PCV13 within 5 years or PCV15
prior to study date. (Pfizer funded)

Unable to report on serotype specific
vaccine effectiveness as serotypes were
not available.

Residual confounding for health-care use
was likely in younger, lower risk groups but
not in immunocompromised or older
adults.

16.5 million individuals included in
study out of 56.9 million in database
aged >65y on 28 Jan 2022 (rounded
numbers):

e 2.01 million PCV20 vaccinated and
16.0 million unvaccinated.

e Ofincluded, 459,708 (2.8%)
contributed to PCV20 follow-up
only, 14.5 million (87.8%)
contributed to unvaccinated
follow-up only and 1.55 million
(9.4%) contributed to both.

Adjusted vaccine effectiveness:

e |PD: 25.6% (95% ClI 17-:4-33-0)

e All pneumococcal pneumonia:
23-3% (16-3-29-8)

e All-cause pneumonia: 15-2%
(14-5-15-9)

o LRTI: 7-4% (6:9—7-8)

During 1% year follow-up, adjusted

absolute rate reduction associated

with PCV20: overall cases averted per

100,000

e IPD: 12-0(95% Cl 8-:0-16-0)

e All pneumococcal pneumonia:
12-8 (8-2-17-4)

e All-cause pneumonia: 758-0
(664-2-851-7)

e LRTI: 636-1 (503:8-768:4)

This study included subgroups not
included in licensure trials such as
immunocompromised and adults
aged over 85 years.
For immunocompromised groups:
e |PD:
aVE 25.0% (13.0-35.3)
cases averted: 30 (18.9-45.1)
e All pneumococcal pneumonia: aVE
23:6% (12-6-33-2)
cases averted: 27-7 (13:5-42-2)
e All-cause pneumonia:
aVE 16:5% (15-5-17-6)
cases averted: 1864 (1537-2191)
e LRTI:
aVE 9-0% (8-1-9-8)
cases averted: 1519-9 (1112-5-
1927-3)

PCV20 was associated with a lower risk of
pneumococcal infection and pneumonias among
adults age 265 years in the US. Within a year,
substantial public health impact was evident due
to reductions in all-cause pneumonia and LRTI.

Absolute rate reduction estimates in groups with
immunocompromise or chronic medical
conditions were 1.3 to 2.4 times higher than
lower risk adults.

continued next page
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Real-world
effectiveness, IBD

52

Retrospective analysis, US. Main outcome,
bacterial pneumonia from 30d post
vaccination. Crohn disease or ulcerative
colitis with 21 IBD therapy. Controls,
unvaccinated.

After propensity score matching (for demographics and pneumonia risk
factors), 12,796 included in analysis.

Mean age 55.8 + 17.1 years controls and 55.2 + 16.3 vaccinated.

Common comorbidities included hypertension, asthma and diabetes; also
included chronic kidney disease, rheumatoid arthritis and HIV infection.
Most common IBD therapies: prednisone (69%), methylprednisolone (52%),
budesonide (34%), adalimumab (15%), infliximab (14%) and azathioprine
(13%) (several other meds used)

PCV20 group vs control, relative risk (RR)

Pneumonia — 0.54 (0.47-0.63)

Acute respiratory failure — 0.42 (0.35-0.50)

Hospital admission — 0.57 (0.53-0.62)

ICU admission — 0.47 (0.40-0.57)

All-cause mortality — 0.32 (0.25-0.40)

Meningitis (0.2% both groups) — not lower risk — 1.00 (0.42-2.40)
Pneumonia by age: 18-39 y (0.50; 0.29-0.84); 40-64 (0.55, 0.43-0.70)

Patients with IBD who received PCV20 had lower
risk of pneumonia and improved clinical
outcomes. It is effective in individuals on a range
of immunosuppressive therapies and
immunocompromising conditions.

Study did not control for prior pneumococcal
vaccinations, other concomitant vaccinations,
socioeconomic status or healthy user bias.
Authors did not believe that vaccination alone
accounted for marked reduction in outcomes but
is a low-risk intervention used as part of a care
bundle.

continued next page
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Vaccination in age-
care, 23PPV or
PCV20, vs all over 65
years.

53

Observational surveillance, 2022-23
England. IPD and care home data 265y
Rate of IPD cases 18.0 per 100,000 ages 65-
79 and 37.5 per 100,000 in those aged 80+
(with double CFR 34%).

Overall rate 8.13/100K

Limitation VE of PCV20 has not been
confirmed. (estimate based on PCV13) No
PCV data against death.

combine VE — VE against IPD and VE against
30-day mortality (18% for 23PPV). For PCV
conducted sensitivity analyses assuming VE
against death of 18%, 20%, 25% and 30%.

e Adults aged 65-69 years, accounted for only 2:9% of new care home
residents. Estimated 121,587 new care-home residents annually.

e 2,574 1PD cases / 10.63 million adults aged =65 (603,109 were aged 65 y)

e 69.4% were due to 23PPV-serotypes (1787) and 60.8% (1566) due to
PCV20-serotypes

e Assumed 4.4 times increase in risk of IPD in care homes — 492 cases 23PPV-
type IPD over lifetime of new residents in 2022/23

Assuming VE 36% IPD and 18% death for 23PPV:

e 23PPV offered to all the 65 y/os could have prevented 163/452 (36%) of
cases and 31/66 (47%) of 23PPV-deaths over 5 years.

e NNV 3700 to prevent 1 case and 19,455 to prevent 1 death.

Vaccinate only new care home residents (121,587 people) with 23PPV

e Prevent 177 cases (35%) of 492 expected lifetime cases and 111 (48%) of
233 deaths expected without vaccination

e NNV 687 /case and 1095 / death

Vaccinate all adults aged 65 with PCV20 (assuming 75% VE against PCV20-IPD
and 18% death)

e Prevent 303 / 404 cases (75%) and 43/54 deaths (80%)

e NNV 1990 /case and 14026 / death

Vaccinated only new care home resident with PCV20:
e Prevent 317 / 422 cases (75%) and 157/197 deaths (80%)
e NNV 384 and 774

Pneumococcal vaccination of new care-home
residents could prevent more IPD cases and more
deaths in care homes for older adults than
provided by current programme in the general
population (eligible for PCV20 from age 65 years).
This would require 20% more doses. PCV20 likely
to have a greater impact than 23PPV.

Abbreviations: aVE — adjusted vaccine effectiveness; CFR — case-fatality rate; IPD — invasive pneumococcal disease; NNV — number need to vaccinate; PCV — pneumococcal vaccine (13, 20 or 21 valent); 23PPV —
23-valent polysaccharide vaccine; VE — vaccine efficacy;
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Methodology for literature searches

Published literature in online medical databases, with additional references added as review
progressed using PubMed and Google Scholar. Most searches were conducted between January
2026 — May 2026. Additional literature was included in July 2026. Systematic reviews were included,
and where necessary for clarification, cited papers in these were reviewed for further details. Grey
literature, letters to journal editors, conference proceedings and reports were also included. Total
library 347 references (includes over 50 references related to infant vaccination with PCV20 for a
separate review).

Concepts

Pneumococcal Vaccine adult immunisation PCV20 PCv Immunogenicity Safety

disease

IPD vaccin* immuni?ation 20- polysaccharide antibody response  adverse
valent events

Pneumococc? safety immunity 21- valent OPA
valent

Streptococcus efficacy conjugate* 18G

pneumoniae

pneumonia immunogenicity

effectiveness

Search details

2019 — 2026 (first search conducted 12 Jan 2026, additional search 29 April 2026)

Medline OVID

[] #a searches Results  Type Runtime  Actions Annotations
[0 1 *Pneumococcal Vaccines/ and *Vaccines, Conjugate/ 542 Advanced 016 Display Results More v =}
[ 2 timit1to(english language and yr="2019 -Current") 128 Advanced 04 Display Results  More (=]
O 3 adutf 502 Advanced 002 Display Results  More (=]
[ o 2amd3 0 Advanced 006 save More + (=]
[J 5 *PneumococcalVaccines/ 6103 Advanced 000 DisplayResults  More v (=]
[ & 3amds 0 Advanced 001 save More + (=]
[J 7 timit5to(english language and yr="2019 -Current’) 1345 Advanced 021 DisplayResults More v (=]
O s 3and7 0 Advanced 001 save More « o
[ o aduitm_titt 208%  Advanced 002 Display Results  More (=]
[J 1 7and9 85 Advanced 003  DisplayResults More + )

#10 — manually selected 39 related to PCV20, excluded cost-effectiveness studies

PCV20.mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept

n . . . y . 37
(] word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]

[J 12 limit11to (english language and humans and yr="2019 Current") 231
[0 1 9andn 2

Selected a further 2

PCV21.mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept

. . . y . N 62
word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]

15 limit 14 to (english language and humans and yr="2019 -Current”) 44

Manually selected 33, removed 14 duplicates. Included some cost-effectiveness studies if they
seemed closely relevant to topics of interest.
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Scopus
Advancea query (® )
Search within Search decuments *
A
Article title, Abstract, Keywords pcv20 20 valent pneumococcal conjugate vaccine x
AND ~

search within Search documents

. . A X
Article title, Abstract, Keywords adult

Limit — English, 2019-2026 = 131 articles, manually selected 39, removed 8 duplicates

As above for PCV21 / adult; limit 2023 [none before, 2019] - 2026 = 50 articles, manually selected 15,
removed 9 duplicates

Additional literature search — pneumococcal disease in special groups (to July
2026)

*Pneumococcal Infections/ or pneumococcal disease.mp. AND high-risk.m_titl. - 72 found, selected 23
*Pneumococcal Infections/ or pneumococcal disease.mp. AND Cardiovascular Diseases/ = 14, selected 9

*Pneumococcal Infections/ or pneumococcal disease.mp. AND *Comorbidity/ = 7, selected 3
*Pneumococcal Vaccines/ and adult.mp. or Adult/ and *Cardiovascular Diseases/ = 7, selected &

*Pneumococcal Vaccines/ and adult.mp. or Adult/ and immunocompetent.mp. = 32, selected 4
*Pneumococcal Vaccines/ and chronic liver disease.mp. = 19, selected

In total, manually selected 28 after removing 4 duplicates

Pneumonia, Bacterial/ or Pneumonia/ or Pneumonia, Pneumococcal/ or Community-Acquired Pneumonia/

and chronic liver disease.mp. = 36, selected 19
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