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Overview Summary
A primary aim of pneumococcal immunisation programmes is to prevent invasive
pneumococcal disease (IPD), defined as infection of Streptococcus pneumoniae in the blood
or other normally sterile sites, with associated hospitalisations and deaths. Pneumococci also
cause respiratory tract infections without bacteraemia; the most severe of which is
pneumococcal pneumonia, but also include middle-ear infection (acute otitis media) and
sinusitis.
Building on our previous reviews of the pneumococcal literature conducted in 2016 and
2017, which examined use of ten-valent pneumococcal conjugate vaccine (PCV10), high-risk
groups requiring pneumococcal vaccination and the placement of PCVs in childhood on the
National Immunisation Schedule,1-3 this review is limited to literature published between
January 2016 and April 2019. It examines the scheduling of pneumococcal conjugate
vaccines (PCV10 and PCV13) and the use of 23-valent polysaccharide pneumococcal vaccine
(PPV23) in high-risk groups and older adults, focussing on questions relevant to
pneumococcal immunisation in New Zealand (NZ). The evidence presented has not been
formally graded as in a systematic review, and cost effectiveness of pneumococcal vaccines
is not included.
Globally, it is estimated that 200–300,000 deaths in children result from pneumococcal
infections each year, and among survivors of pneumococcal meningitis, at least a quarter
suffer long-term sequelae, such as hearing loss, seizures and cognitive or motor deficits.4
In NZ, there were 557 cases of IPD during 2018 (overall incidence of 11.4 cases per
100,000 population), with the highest incidence in adults aged 65 years or older
(31.3/100,000). Between 2017 and 2018, increasing incidence of non-PCV13 vaccine-types
was observed for all age-groups, most notably vaccine-eligible ages 2-4 years. The most
prevalent serotypes were 19A, 12F, 22F, 8, 3 and 7F.5
Pneumococcal conjugate vaccines have been included in the National Immunisation
Schedule since 2008. In the Auckland region from 2009 to 2016, IPD incidence declined by
32% in young children aged 0-4 years, with lower reductions in older age-groups (12% aged
65 years or older). However, in 2011, there was a sharp rise in 19A IPD in children aged 0-4
years and there has been a gradual and continual rise in 19A in the elderly such that in 2016
this age group had the highest rates.6 There has been insufficient time since July 2017 to
assess trends in 19A-type IPD after PCV13 was replaced with PCV10 on the childhood
Schedule. However, 19A IPD did increase by 27% from 56 cases in 2017 to 71 cases in 2018
in persons over 5 years of age, while remaining the same in children aged under 5 years, so
continued monitoring will be important.5
Since the completion of the literature search in April 2019, more literature has been
published and further discussions are underway internationally around pneumococcal
vaccination recommendations, particularly for immunocompetent older adults. Continual
monitoring of the evidence, especially around adult pneumococcal immunisations, is
required.
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Timing and vaccine choice for primary immunisation in
infants and toddlers
The World Health Organization (WHO) released a position statement in February 2019 for
PCV10 and PCV13 in children aged under 5 years, recommending three doses of a PCV by 18
months of age as either three primary doses (3+0) or two primary and one booster (2+1).4
WHO noted that choice of schedule for PCV10 or PCV13 in any specific region must take into
account prevalent serotypes and ages with the highest IPD incidence, as well as the spacing
of other vaccines on the schedule.4
Further to this, there are several questions surrounding the use of PCVs – i.e. how many
primary doses are required, is the interval between primary doses important, what are the
benefits of booster doses and is there an optimum interval between primary and booster
doses? Other issues include the choice of PCV (10 versus 13) and whether indirect serotypespecific protection (herd immunity) is demonstrated in other age groups. Also, particularly in
the NZ context of commencing primary immunisations at 6 weeks of age (rather than 8
weeks or later), does the presence of maternal tetanus or diphtheria antibodies in the
infants of mothers who receive tetanus-diphtheria and pertussis (Tdap) vaccination in
pregnancy influence the immunogenicity and the effectiveness of PCVs against some or all
serotypes?
Note that, since completing this literature review, on 30 July 2019 PHARMAC announced
changes to the routine childhood immunisation schedule to commence in July 2020. The
proposed childhood schedule will provide three doses of PCV10 as a 2+1 schedule, at 6
weeks, 5 months and 15 months of age.7
What is the optimal number of primary doses and spacing of doses PCV for the
childhood immunisation schedule in New Zealand?
Immunogenicity data suggest that both PCVs (PCV10 and PCV13) induce good responses in
a 2+1 schedule. PCV13 generates higher antibody levels against 10 shared serotypes after
two doses, but these levels wane to become similar to PCV10 by 9 months of age.8, 9
Data is limited around optimal spacing of primary doses (either two or three). Choice of
spacing is influenced by the schedule for other vaccines, in particular pertussis, and choice
of timing by the age of highest IPD risk.10
The levels of bactericidal antibodies required for protection against IPD varies by serotype,
and is highest for 19A, 19F and 3.11 The recent endorsement of a 1+1 routine schedule in
the UK was based on a randomised controlled trial that demonstrated higher booster
responses after a single primary dose against serotypes 1, 4, 14 and 19F than after two
priming doses. Although for these serotypes, the booster response following a single priming
dose was higher than when two priming doses were given, infants aged between 4 and 12
months of age could be vulnerable under this reduced schedule if vaccine-serotypes
continue to circulate.11 Therefore, a single priming dose would only be worth considering if
all vaccine serotypes had been virtually eliminated from the population.11
Current immunogenicity data is insufficient to compare 1+1 schedules for PCV10 and PCV13,
and clinical outcomes are unknown for this reduced schedule.8 Further, even if it was shown
to be clinically effective, such a reduced schedule is not currently an option in NZ where
vaccine-serotypes remain in circulation across all age-groups.12
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Are booster doses required and what is the optimal timing between primary and
booster doses?
A 2+1 schedule is expected to provide adequate protection during the first year of life if
circulation of vaccine serotypes is low. However, in some infants, seroprotection after two
primary doses may be inadequate prior to the third (booster) dose.
A further issue for the 2+1 schedule in NZ is that the current schedule, with the second dose
at 3 months and the booster dose at 15 months, increases the time between doses to 12
months compared with 8 months in most other 2+1 schedules.8, 9 This gap in protection will
be short-lived if herd immunity is generated against 19A after the third dose of PCV10, but
will need to be monitored carefully.
The reviewed literature indicates that booster doses of PCV13 in the second year of life
provide indirect protection to other age groups and unvaccinated children by reducing
vaccine-type pneumococcal carriage in toddlers.9 Although direct cross-protection from
PCV10 serotype 6F was observed against 6A, no net cross-protection from 19F and
reduction of 19A IPD or 19A carriage were observed in Canada, Finland and Belgium.9, 13, 14
Australian experience using PCV13 in a 3+0 schedule provided strong evidence that,
especially for serotype 19A, the lack of a booster dose in the second year of life leads to
inferior long-term immunity.15 No recent data were found examining the effectiveness of
PCV10 in a 3+0 schedule compared with 3+1 or 2+1 schedules.
Conclusions: timing and vaccine choice of primary series
Questions remain around the spacing of PCV doses, notably between primary and booster
doses in a 2+1 schedule. For healthy infants, a 2+1 schedule is sufficiently protective
against vaccine-type IPD but does leave a potential “immunity gap” between the second and
third doses, exaggerated by the current NZ schedule 15 months dose.
This immunity gap is particularly relevant for infants with greater exposure to circulating
serotypes or with risk factors associated with IPD, such as those living in poorly ventilated
and/or overcrowded homes, attending day-care or exposed to tobacco smoke.
Although for some serotypes, the booster response following a single priming dose (as in a
1+1 schedule) is higher than when two priming doses are given, the balance of risks and
benefits depends on the prevalence of circulating vaccine types, and 19A in particular is
likely to circulate more widely with a PCV10 than a PCV13 schedule.14
Does the presence of maternal antibodies affect primary response to
pneumococcal conjugate vaccines?
The relevance of higher levels of maternal tetanus or diphtheria antibody in infants of
mothers who received Tdap vaccination in pregnancy is uncertain. Immunogenicity data is
limited and varies between PCV serotype and vaccine. The clinical outcomes have not yet
been determined, especially in the context of commencing the primary series at 6 weeks of
age and following a 2+1 schedule.
Interference from maternal anti-diphtheria antibodies with infant immune responses to
diphtheria-derived protein CRM-conjugated serotypes (all PCV13 serotypes and PCV10
serotype 19F) is greater than for serotypes conjugated to other proteins (other PCV10
serotypes). This could impact on protection against vaccine types that continue to circulate
among infants prior to a toddler booster dose under a 2+1 schedule, particularly for
PCV13.11, 16
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Conclusions – interference from maternal antibody
Although clinical advantage has not yet been demonstrated, PCV13 provides greater
antibody responses than PCV10 (including PCV13-type 19A), especially post the toddler
dose.8 However, there is a potential for greater interference from maternal anti-diphtheria
antibody with responses to PCV13 up to 3 months of age.
Should the schedule and vaccines used for high-risk children differ from routine
childhood schedule?
Continued analysis of the most recent IPD notifications in NZ is required to identify which
are the most prevalent serotypes and risk factors for IPD in children.
From the limited literature, a three-dose primary series plus a dose in the second year of life
(3+1) could provide the greatest protection to high-risk children under the age of two
years.10
WHO recommends a booster dose to be given in the second year of life for human
immunodeficiency virus (HIV)-positive infants and infants born prematurely who receive
three primary vaccines doses before 12 months of age.4
Conclusions: schedule for high risk children
Limitations of a 2+1 schedule are heightened for children with medical conditions that
predispose them to pneumococcal disease, justifying an additional dose before the age of 12
months. Data from the UK suggest that infants born prior to 35 weeks gestation, even in the
absence of additional high-risk medical conditions, are also at higher risk of IPD.

Summary - Timing and vaccine choice for the primary immunisation
schedule in infants and toddlers
•

A 2+1 schedule is expected to provide adequate protection to most children

•

The 2+1 schedule will widen the immunity gap, especially for 19A, to between 3 and
15 months of age.

•

Three doses of PCV before 12 months of age are recommended for those predisposed
to pneumococcal disease, including infants born earlier than 35 weeks gestation.

•

Monitoring for potential interference from maternal antibody is required.

Herd immunity
Since young children and toddlers are a significant reservoir, reduced circulation of vaccineserotype pneumococci is expected to reduce exposure, and risk of vaccine-type IPD, in older
people.
Does childhood immunisation provide enough indirect protection to older adults
and high-risk children to obviate the need for vaccine-type direct protection?
PCV vaccine programmes have had a significant impact on IPD incidence in children, but NZ
data from Auckland and nationally suggest that declines in IPD in older adults have been
lower than described elsewhere, with increases in non-vaccine serotypes.6, 12, 17 In the
Auckland region, between 2009 and 2016, overall IPD incidence declined by 32% in children
aged 0-4 years, but declined least (12%) in adults aged over 65 years.6
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In 2016, 37.4% of the IPD cases in NZ adults aged 65 years and older were PCV13
serotypes (68/182 cases), notably serotype 19A (31 cases), and 69.2% were due to PPV23
serotypes.12
In the 5 years following the introduction of PCV13 or PCV10 programmes in children in
Europe, the incidence of PCV-serotype IPD decreased by up to 50% in adults aged over 65
years but there was only a moderate decline in IPD overall due to increases in non-vaccinetype IPD.18 Following the introduction of PCV10 in infants in Finland, declines in all-cause
and pneumococcal pneumonia hospitalisations were observed in older adults (6.7% and
14.5% annually, respectively).19
Serotype 3 causes much of the remaining PCV13-type IPD in adults in the US. Protection
against this serotype requires much higher antibodies levels than other serotypes and
seroprotection wanes more rapidly in children, reducing the potential for indirect
protection.20

Conclusions and Summary – Herd immunity
Although PCV programmes have significantly reduced IPD incidence in vaccinated and
unvaccinated children, reductions in older age groups depend on serotype prevalence.
•

The extent to which PCV childhood programmes provide indirect reductions in IPD
among high-risk children and older adults varies among reports and settings.

•

A longer data series is required to evaluate any impact on the incidence of IPD by
serotype in NZ adults following the change to PCV10 in the childhood programme.

•

Direct protection against vaccine-type IPD continues to be necessary for those at
highest risk of IPD.

High risk groups and those at increased risk of
pneumococcal disease
For adults and those at high risk of IPD, key questions remain as to the relative value of
lower immunogenicity, but broader serotype coverage provided by PPV23, versus direct
administration of PCV13 or indirect reductions through childhood PCV13 programmes.
Funded pneumococcal vaccines in New Zealand for high-risk groups include:
- Pre and post solid organ and haematopoietic stem cell transplant
- Human immunodeficiency virus infection
- Primary immunodeficiencies – pneumococcal vaccines also used for diagnosis
- Immunosuppressive and radiotherapy recipients, including corticosteroids (for more
than 2 weeks or equivalent dosage of 2mg/kg per day)
- Functional and anatomic asplenia, pre and post splenectomy
- Complement deficiency (acquired or inherited)
- Undergoing renal dialysis
- Cochlear implants
Funded for children aged under 5 years (PCV13 plus PPV23) for the following conditions:
- Intracranial shunts
- Cerebrospinal fluid leakage
- Chronic pulmonary disease (including asthma with high-dose corticosteroids)
- Preterm infants, born before 28 weeks gestation
- Cardiac disease with cyanosis or failure
- Diabetes
9
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- Downs syndrome
- Renal failure and nephrotic syndromes
For further details refer to the Immunisation Handbook 2017.21
The role of PCV in high risk groups was examined previously in 2016.2 Additional findings
from more recently published literature are discussed below.
What is the ideal schedule for PCV in high-risk children? Should it differ from
routine childhood schedule?
Literature around the use of PCVs in high-risk children, especially for PCV10, is limited. It is
known that children with high-risk medical conditions are often less well immunised than
their healthy counterparts; this highlights a need for increased awareness around the benefit
in these children of being fully immunised.2
Evidence from the limited literature shows that a three-dose primary series of PCV plus a
dose in the second year of life (3+1) would provide the greatest protection to high-risk
children under the age of two years.10 WHO recommends a booster dose of PCV to be given
in the second year of life for HIV-positive infants and infants born prematurely who receive
three primary vaccines doses before 12 months of age.4
Although PPV23 contains more serotypes than PCVs, it is unsuitable for children under 2
years of age due to their immature immune response, hence, PCV13 provides the broadest
protection available currently for this age group.
Premature infants
Infants born prematurely are at higher risk of IPD than those born at term but are not
considered at special risk unless born before 28 weeks gestation or have specified
underlying medical conditions. Currently, in NZ only children born prior to 28 weeks
gestation are eligible to further doses of pneumococcal vaccines (PCV13 and from age 2
years, PPV23). Other fully immunised premature infants are likely to be adequately
protected by the current 3+1 PCV schedule.
In the UK, under the 2+1 schedule (PCV13 at ages 8, 16 weeks and 12 months), the
incidence risk ratio of IPD was found to be increased from 2.9 in those born before 35 weeks
to 8.8 in infants born younger than 28 weeks as compared with infants born at term.22
Conclusions – schedule for children at higher risk of IPD
•

Three primary doses before 12 months of age, plus a booster in the second year of
life is recommended for children with increased risk of IPD.

•

Infants born prematurely, between 29 to 35 weeks gestation without high-risk
medical conditions, may be at increased risk of IPD under a 2+1 schedule.

Should pneumococcal vaccine be routinely recommended for older adults?
Older age is associated with increased risk of pneumococcal disease as immunity and
effective respiratory clearance mechanisms decline. Many countries recommend
pneumococcal vaccination for adults from 65 years of age. Indigenous peoples are known to
have a higher risk of IPD at a younger age than non-indigenous people. In Australia and
Canada, First Nations peoples are recommended pneumococcal vaccine from 50 years of
age. Similarly, IPD incidence among adults aged 50 to 64 years who have a single nonimmunocompromising medical condition twice that of the general population.2
Most recently, US ACIP has been re-evaluating its recommendations for PCV13 to be
administered routinely to immunocompetent adults aged 65 years and older in a setting of
10
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sustained indirect effects of PCV13 given to children. Revised recommendations are
anticipated in 2019.23
Which other groups are at potential risk of IPD and pneumonia?
Recommendations to receive pneumococcal vaccination may be beneficial for other
individuals at increased risk of IPD and pneumococcal pneumonia, including previous
pneumococcal pneumonia and/or IPD episodes.2
Life-style factors, such as environmental and work-place air pollution, smoking and
alcoholism, can increase the risk of severe disease, especially for those with chronic illnesses
that predispose them to infections, for example, asthma, dementia, mental illness and
diabetes.2, 24 Socioeconomic deprivation, particularly unemployment and low income, as well
as homelessness and overcrowding have also been associated with increased risk of IPD.25
Risk stacking
In 2016, we reported that certain individuals are at increased risk of IPD but not currently
eligible for funded vaccines through the concept of risk stacking.2 Two classifications of risk
were identified: ‘high-risk’ conditions which on their own are associated with significantly
higher incidence of pneumococcal disease, and ‘at-risk’ conditions, which when combined
together or with other factors such as age, alcoholism, tobacco smoke, air pollution or socioeconomic deprivation, significantly increase the incidence of IPD or pneumococcal
pneumonia.26 Risk in children and adults with two or more comorbidities can be high as in
those with a recognised high-risk condition.2, 27
Prevalence of at-risk conditions in Māori or Pacific people might make eligibility to
pneumococcal vaccination from age 50 years appropriate. Consideration of the risk and
benefits in terms of reducing pneumococcal disease burden is needed when recommending
pneumococcal vaccination (PCV13, PPV23 or both) for those with two or more risk factors,
particularly those under the age of 65 years with multiple comorbidities and increased risk
due to ethnicity.
In the US, one dose of PPV23 is recommended for adults aged 19-64 years with chronic
medical conditions, including chronic heart (excluding hypertension), lung or liver disease,
diabetes, alcoholism or cigarette smoking.28 However, in the US, a quarter of pneumonia
cases aged 65 years of older were classified as being at low risk of pneumococcal disease.29
Conclusion: Which additional groups could be considered for pneumococcal
vaccination?
For certain ethnicities, such as indigenous populations, similar incidences of IPD are
observed at a younger age than for non-indigenous people. This risk is confounded by
poverty, overcrowded multi-generational housing and underlying health conditions. It is
therefore important to assess the need for pneumococcal vaccination in these adults from 50
years of age, especially for those with health conditions not currently eligible for funded
vaccine, where pneumococcal vaccination is generally recommended at age 65 years.
There is good evidence that PCV13 provides protection for healthier older adults against
community-acquired pneumonia (CAP) due to vaccine serotypes. For adults with chronic
medical conditions and other risk factors that increase risk from pneumococcal infections,
broader protection can be gained from PPV23 against IPD.
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Summary – At-risk groups
Expanded eligibility for pneumococcal vaccination, or additional doses may include:
•

Adults aged from 50 years with comorbidities, low socioeconomic status and/or
ethnicity associated with higher incidence of IPD and pneumonia

•

Infants born between 29-35 weeks gestation

•

Children aged younger than 5 years at high risk of exposure to circulating serotypes:
living in overcrowded home, attending day-care or exposed to tobacco smoke.

•

If additional vaccines and/or doses are recommended for groups at increased risk of
IPD, it is important to monitor compliance.

Pneumococcal polysaccharide vaccine in older adults and
high-risk groups
Increasing incidence of non-PCV serotype IPD in older adults have been observed in some
countries. In NZ, just over two-thirds of IPD cases in adults age 65 year or older were
caused by PPV23-serotypes in 2016.12 The incidence of non-PCV13 serotype IPD in Europe
increased by 63% from 2009 to 2015 following the introduction of PCV10 and PCV13. In
2015, 22-54% of the IPD in older adults in European sites was caused by 11 PPV23-nonPCV13 serotypes.18
Although PPV23 does not induce immune memory, antibodies generated provide protection
for 2-5 years against IPD caused by a wider range of pneumococcal serotypes than the
currently available PCVs. The key questions are whether the increased coverage provided by
PPV23 is needed to protect high-risk and older adults against IPD or pneumococcal
pneumonia, or whether sufficient protection is provided through PCV13 in high risk groups
directly and indirectly through the childhood schedule.
How effective are single and repeats doses of PPV23 against IPD?
Although PPV23 has been available for nearly three decades, questions remain around how
long-lived protection is following PPV23 vaccination and the frequency of repeat doses
required for prolonged protection. The antibodies induced by PPV23 appear to be longer
lived than the duration of clinical protection, which may be quite short-lived (2.5 – 5
years).18, 30
A 2017 systematic review concluded that PPV23 continues to play an important role in
protecting adults against IPD. The pooled vaccine effectiveness of PPV23 in older adults
against any serotype of IPD ranged from 45-73% depending on study type. Waning
protection was indicated with longer follow-up of up to 5 years.30
A systematic review of observational studies reported that antibody induced by repeat
PPV23 vaccination is likely to be as long-lived as after the primary vaccination, but
adequately powered randomised controlled trials (RCTs) with clinical endpoints and clinical
effectiveness data were lacking.31
Data is limited around the use of repeat doses of PPV23 in the elderly and high-risk groups.
Revaccination with PPV23 at least 5 years after the initial dose is immunogenic,32, 33 but may
not provide additional benefit to all ethnic groups and health conditions.34 The clinical
effectiveness and optimal intervals between repeat doses of PPV23 that would provide
continued protection against IPD remain unclear.
12
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How effective is PPV23 against pneumonia?
Patients with pneumococcal pneumonia are hospitalised and require greater medical support
significantly more frequently than those with non-pneumococcal pneumonia.35
PPV23 appears to have low-to-moderate effectiveness against pneumococcal pneumonia
without IPD, but the protection wanes rapidly and mortality or all-cause pneumonia
incidence are not reduced.2, 36 The effectiveness of PPV23 in adults aged over 50 years
against all-cause CAP was estimated to be 4% (95% CI -26 to 26%) in clinical trials, 17% (26 to 45%) in cohort studies and 7% (-10% to 21%) in case-control studies by a Canadian
systematic review and meta-analysis conducted in 2016.37 With such wide confidence
intervals, this evidence is insufficient to show PPV23 to be effective against all-cause
pneumonia.
When effectiveness against any serotype pneumococcal pneumonia was assessed by a 2017
systematic review, the pooled VE of PPV23 in adults age 60 years or older was found to be
48% (95% CI 25-63%) in cohort studies and 64% (35-80%) in RCTs.30 The upper level of
VE estimates in this meta-analysis seem implausibly high.
Despite differences in study methodologies and different settings (such as community-living
and residential care), there is some evidence of protection from PPV23 against non-IPD
pneumococcal pneumonia in older adults.
How effective is PPV23 against IPD in high-risk groups?
There is limited data around the effectiveness of either PCV13 or PPV23, or both, in those at
increased risk of pneumococcal disease with any chronic health conditions.
Immunosuppressive therapies, as well as the comorbidities they treat, can increase the risk
of pneumococcal disease. They also affect the immune response to vaccination and
potentially reduce vaccine immunogenicity, effectiveness and duration of protection in
certain at-risk groups.
Factors affecting cellular immunity in particular, such as certain T cell-modulating
immunotherapies, immune-mediated inflammatory diseases or cancer, can lead to poorer
immune responses to PCVs than PPV23, since PPV23 induces a predominantly B cell rather
than T cell-driven response.38
Conversely, concurrent administration of a live vaccine or the presence of interstitial lung
disease can affect immunogenicity to PPV23.39, 40
Other approaches to reduce the risk of pneumococcal disease in adults.
Preceding acute respiratory tract infection and respiratory illness has been associated with
around one-third of pneumococcal colonisation events in adults.41
Compared with trivalent influenza vaccine, PPV23 provided significantly better protection
against pneumococcal CAP in adults aged 65 years or older.42 As also shown in an earlier
study, both vaccines were less effective against all-cause pneumonia or hospitalised CAP,
but they each provided some benefit as compared with no vaccination.42, 43 Hence
pneumococcal polysaccharide and influenza vaccination in adults, particularly for those with
increased risk of severe disease, may help to reduce the burden of IPD and pneumococcal
pneumonia in older age groups. Direct protection is required against IPD for those at highest
risk from pneumococcal infection.
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Summary – what is the role for PCV13 and PPV23 in preventing
pneumococcal diseases in older adults and high-risk groups?
•

There is limited data around the effectiveness of PCVs, PPV23 or both in those at
increased risk of pneumococcal disease with chronic health conditions.

•

PPV23 provides protection against a broader range of serotypes but this may vary by
serotype

•

Frequency of repeat doses is likely to be around 5 years apart, but there is
uncertainty around the duration of protection of PPV23, particularly in those with
poorer immune response.

•

The PCV13 programme in US is currently under review. A role for PCV13 in older
adults depends on the magnitude of indirect protection provided by PCV13 in
children.

•

We recommend that NZ continues to review closely the potential place for both
PCV13 and PPV23 for adults aged from 65 years and other at-risk adults, as new
evidence and data emerge.
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Updates for the Immunisation Handbook
The following are suggested updates for the Pneumococcal chapter of the Immunisation
Handbook:
15.3.1 Global burden of disease – include global estimates from WHO February 2019
position statement or more recent publications
Herd immunity – herd immunity has not reduced the incidence of serotypes 3 and 19A
Impact of vaccination on non-invasive pneumococcal disease – more recent data has been
published but beyond the scope of this review.
15.3.2 New Zealand epidemiology – this whole section needs revision with the most
recent ESR data.
Currently 2016 annual IPD report provides the most detail about ethnicities, age groups and
risk factors, but quarterly reports give serotype data for children aged under 5 years or for
those aged over 5 years. Update figure 15.1 and 15.2 with 2016 data (or later as available).
15.4.2 Efficacy and effectiveness
PCV10 - include findings of Vietnamese head to head study and Kenyan studies
Further data around pneumonia and otitis media is available but was not within the scope of
this review
Consider systematic review data for PPV23 effectiveness against pneumococcal pneumonia.
Mention serotype prevalence in adults and coverage by PPV23.
15.5.4 Recommended but not funded vaccine
Consideration to be given to ‘risk stacking’ based on age, multiple comorbidity, lifestyle, and
ethnicity.
Note that questions remain that are being considered internationally as the benefits of
recommending PCV13 and/or PPV23, particularly for at risk adults and older adults, to
protect against pneumonia and IPD. Awaiting further details to be published.
15.9 Variations from the vaccine data sheet
A review of the recommendations around concomitant use of live herpes zoster vaccine and
PPV23 is required.
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1 Background
A most readily measurable aim of pneumococcal immunisation programmes is to prevent
invasive pneumococcal disease (IPD), defined as isolation of Streptococcus pneumoniae
from blood or other normally sterile sites. IPD is associated with the highest severity of
pneumococcal infection - hospitalisations and deaths. Pneumococci also cause a range of
infections without IPD, primarily of the respiratory tract, the most severe of which is
pneumococcal pneumonia, but also includes acute otitis media (AOM) and sinusitis. There is
evidence that pneumococcal vaccines also have an impact on non-IPD infections, but lack of
an isolate or infecting serotype means that this must be assessed by indirect means.
In 2016, we conducted two literature reviews concerning the use of pneumococcal vaccines
in high risk groups and of 10-valent pneumococcal conjugate vaccine (PCV10).1, 2 In 2017,
we also assessed the role of PCV vaccines in the childhood schedule.3 The 2016 and 2017
reviews examined literature published between 2013 and 2016. This review of evidence will
focus on literature informing the use of pneumococcal vaccines and scheduling of PCV10,
PCV13 and 23-valent pneumococcal polysaccharide vaccine (PPV23), in children, high-risk
groups and older adults published between January 2016 and April 2019.
The aim this review is to help to inform decisions about the New Zealand National
Immunisation Schedule (the Schedule). It is not a systematic review and does not seek to
demonstrate that all publications have been identified - the methodology of the literature
search is given in the Appendix (8.4). The review does not incorporate formal grading of
evidence quality and economic analyses are not included.
Pneumococcal conjugate vaccines (PCVs) have been part of the NZ Schedule for children and
for high-risk groups of all ages since 2008, commencing with PCV7, then changing to PCV10
and PCV13. Further details of the history of the use of these vaccines is presented in the
Appendix in Table 1.
The pneumococcal polysaccharide serotypes and overlap of serotypes between these
vaccines are presented in Figure 1.
Figure 1: Pneumococcal vaccine serotypes
PCV-7, Prevenar® 13
Conjugate vaccine
PCV-10, Synflorix®
Conjugate vaccine
PCV-13, Prevenar-13®
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PCV10 and PCV13 have comparable immunogenicity against the serotypes they have in
common (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F). Although PCV10 does not contain
serotypes 6A and 19A, it has been shown to induce opsonophagocytic antibody against both
of these serotypes at lower levels than PCV13, but not against serotype 3.4
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1.1 World Health Organization position on pneumococcal
vaccines in children
The World Health Organization (WHO) released a position statement for the pneumococcal
conjugate vaccines, PCV10 and PCV13, in children aged under 5 years in February 2019. The
recommendations were based on literature published up to June 2017.4
Globally more than 200–300,000 deaths in children are estimated to result from
pneumococcal infections each year, and long-term sequelae, such as hearing loss, seizures
and mental or motor abnormalities, have been observed in at least one quarter of survivors
of pneumococcal meningitis.4
The key recommendations are:4
•

Inclusion of PCVs in childhood immunisation programmes worldwide

•

A three-dose schedule either as 2+1 or 3+0, starting from 6 weeks of age.

•

Pneumococcal vaccine should be complementary to other disease control measures,
including appropriate case management, exclusive breastfeeding for the first 6
months of life, and reducing exposure to air pollution and tobacco smoke.

•

Higher antibody levels in the second year of life, supporting indirect (herd) reductions
in vaccine-type infection in older age groups, are achieved with 2+1 than with 3+0.

•

An interval of at least 8 weeks is recommended between two primary doses for a 2+1
schedule, with a third (booster) dose between 9 and 18 months. There is no defined
maximum or minimum interval between primary and subsequent booster doses.

•

For a 3+0 schedule, a minimum of 4 weeks is required between doses. This schedule
may be superior to 2+1 if disease is frequent in the first 6 months of life or if
coverage of a booster dose is low.

•

Both PCV10 and PCV13 have substantial impacts against vaccine-type IPD,
presumptive vaccine-type pneumonia, and vaccine-type nasopharyngeal carriage.

•

Product switching is not recommended unless there are substantial changes in
epidemiology or programmatic factors, e.g. an increase in 19A burden.

•

The choice of the product should be based on programmatic characteristics, vaccine
supply and cost, and regional prevalence of vaccine-serotypes. PCV13 may have
additional benefits where serotypes 19A and 6C significantly contribute to disease.

Catch-up vaccination can be as a single dose in children over 24 months of age, although
WHO noted more data are needed. Unvaccinated children aged 1-5 years at high risk due to
underlying medical conditions require at least two doses separated by 8 weeks.
In children who recover from IPD, the schedule can be resumed without repeating previous
doses. Likewise, if a series cannot be completed with the same vaccine type, the available
PCV should be used without restarting the series, even for the primary series.
HIV-positive infants and preterm neonates who have received three primary vaccine doses
before 12 months are particularly likely to benefit from a booster dose in the second year.4
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2 Epidemiology
Since the introduction of PCVs to the childhood schedules, many countries have reported
significant decreases in IPD among children and the population as a whole. However, in
some countries, IPD due to non-PCV vaccine serotypes has increased, particularly in older
adults.
In Sweden, 72% of cases in the elderly in 2016 were non-vaccine-types and the overall
impact on IPD incidence did not significantly differ between the PCV10 and PCV13 era.44
Emerging non-PCV13 serotypes were observed in France between 2010 and 2016. Serotypes
with highest disease potential (8, 12F, 24F and 33F) were isolated more frequently from
patients without underlying conditions, whereas serotypes with lower disease potential (15A,
15BC, 16F and 23B) were rarely involved in bacteraemic pneumonia, but were particularly
seen in IPD cases (35.8%) with underlying conditions.45

2.1 New Zealand epidemiology
The epidemiology presented here is from the quarterly latest report (to December 2018) and
the 2016 annual IPD report from the Institute of Environmental Research and Surveillance
(ESR).12
According to the 2016 annual IPD report, the age-standardised rate of IPD cases was 7.0
per 100,000 population for those with European ethnicity, 6.5 for Asian, 26.8 for Māori and
40.0 for Pacific (based on 2016 mid-year population estimate). The two cases reported for
MELAA (Middle Eastern/Latin American/African) ethnicity were too few to calculate the rate.
Figure 2 shows that the burden of disease is in older adults and Figure 3 shows the
significant burden of IPD in older Māori and Pacific adults.12 Deprivation is also associated
with greater IPD incidence in children and adults: total rate in 2016 increased from 5.9 to
19.6 per 100,000 from deprivation index quintile 1 to 5 (based on 2013 census data for
NZDep13 and population).
In NZ, 37.4% of the IPD cases in 2016 in adults aged 65 years and older were PCV13
serotypes (68/182 cases), notably serotype 19A (31 cases), and 69.2% were due to PPV23
serotypes.12 In 2015, half of IPD in adults aged 65 years and older was due to PCV13
serotypes (97/208 cases) and 74% to PPV23 serotypes.17
During the 12 months to December 2018, a total of 557 IPD cases were notified at an
overall incidence rate of 11.4/100,000 population. Annually, a peak in IPD incidence
commonly occurs in quarter three (late winter/early spring), with the highest rate in adults
aged over 65 years (234 cases, 31.3/100,000). Increases were seen in incidence of
serotypes 12F, 19A, 22F and 3. In children age-eligible for PCV vaccination, all cases were
due to three PCV13 serotypes (3, 6A and 19A) or non-PCV13 serotypes (eight cases in
total). Ethnicity data and deprivation data were not presented.5
An increase in non-PCV13 serotypes occurred across all age groups during 2017-2018, with
greatest increases in children aged 2-4 years. The six most prevalent serotypes were
PCV13-serotypes 3, 19A and 7F and non-PCV types 8, 12F and 22F. Between the two 12month periods ending December 2017 and December 2018, the greatest increase was seen
in type 7F (a PCV10 serotype): 2.4-fold from 22 to 52 cases. In children who had received
at least four doses of a PCV vaccine, two cases of PCV13-serotype IPD (3 and 19A) and two
cases of non-PCV13 serotypes were reported.5
18
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Figure 3: Incidence rate per 100,000 population of invasive pneumococcal
disease by age, 2016 (source: ESR)
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Figure 3: Incidence rate per 100,000 population of invasive pneumococcal
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2.2 Effectiveness of pneumococcal conjugate vaccination in
New Zealand.
A 32% overall decline in IPD incidence in children aged 0-4 years in the Auckland region was
reported over 8 years (2009-2016) following introduction of the PCV immunisation
programme in children in June 2008.6 Lower reductions (12%) were observed in adults aged
65 years or older and this age-group had the highest disease burden at 32/100,000 personyears. Ethnic disparities also remained in 2016, particularly for Pacific people. Between 2009
and 2016, the overall incidence rate ratio [IRR] was 2.9 (95% CI 2.61-3.34), p<0.05;
overall rate 33/100,000) for Pacific people and for Māori (IRR 1.86 [1.61-2.16], p<0.05;
rate 14/100,000;) as compared with European/Other (rate 3.8/100,000). Although the IPD
incidence rate in Pacific people had been decreasing more quickly than for other groups prior
to 2016, a noticeable spike was observed in late 2016. Social deprivation was also
associated with increased IPD incidence (IRR 3.53 [2.80-4.44]; p<0.01 for most deprived
compared with least deprived quintile). As deprivation increased, this association has
become exponentially more pronounced. Serotype 19A increased sharply in children aged 04 years from 3% of cases in 2008 to 33% in 2016. It also increased gradually in the elderly
over this time period from 0 in 2008 to 8.2/100,000 in 2016 and is associated with
increased disease severity and greater multi-drug resistance. Serotype 15B has emerged as
a major variant in 0-4 year-olds, in particular.6
A retrospective cohort study demonstrated reductions in the incidence of presumptive IPD
and ICD-coded pneumonia, and in disparities between ethnic and socioeconomic groups in
NZ following introduction of PCV into the childhood schedule in NZ in June 2008 (3+1
schedule given at 6 weeks, 3 and 5 months and 15 months of age). IPD hospitalisations
declined by 75% overall for children aged under 6 years of age (from 26.45 in 2006 to 6.50
per 100,000 person-years in 2015). As expected, the highest rates of disease were observed
among Māori and Pacific children and those from socioeconomically deprived areas, but
encouragingly the greatest declines in IPD-related hospitalisation were also seen in these
children (by 79% in Māori and 67% for Pacific children). All-cause pneumonia hospitalisation
declined by 12% and 21% in Māori and Pacific children, respectively, compared with 8%
overall and a decline in otitis media of 51% was seen in Māori children compared with 25%
overall. These findings are in contrast to increasing hospitalisation rates for other infectious
diseases, with increasing ethnic and socioeconomic disparities in NZ.46, 47
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Literature review

3 Timing of childhood schedule
The timing of the childhood PCV immunisation schedule was considered a previous review.3
It found that, since NZ has observed a significant decline in a range of measures of
pneumococcal disease since the introduction of PCVs (see above)46, reducing the number of
primary doses from three to two as in a 2+1 schedule would maintain protection and be
more cost-effective than the 3+1 schedule. Continued surveillance would be required to
ensure that any gap in immunity after the second dose (i.e. between 5 and 15 months) does
not risk increasing disease.3 In May 2019, PHARMAC began consultation for a proposal to
move to a 2+1 schedule for PCV10, with a subsequent dose of PCV13 in high-risk children
up to the age of 5 years, from July 2020.48
This section will examine the evidence from the most recently published literature around
the scheduling of PCV immunisations in children and proposed changes to the schedule.

3.1 2+1 schedule
Here we examine whether there is sufficient evidence to demonstrate that reducing the
number of primary doses of PCV from three doses to two doses would be sufficiently
protective in the New Zealand context, any evidence of superiority for either PCV10 or
PCV13, and optimal timing between the primary and booster doses.
3.1.1 Comparing immunogenicity of PCV10 and PCV13 in a 2+1 schedule.
Both PCV13 and PCV10 were found to be highly immunogenic when given in a 2+1 schedule
in a head-to-head randomised controlled trial (RCT) conducted in Vietnam. Overall, PCV10
induced a better response to shared serotypes after a single dose, whereas PCV13 induced
stronger two-dose primary responses, but waned similarly to PCV10 by 9 months of age.
PCV13 induced stronger booster responses, but this effect was lost by 18 months of age.
The RCT compared the immunogenicity against ten PCV10 serotypes: PCV10 was given
either 3+1, 3+0, 2+1 or 2+0 schedules, and compared with PCV13 given as 2+1 schedule
(first dose at 2 months and booster at 9 or 9.5 months).8
It is unclear yet whether immunogenicity differences for these different vaccines and
schedules translate into significant differences in disease outcomes or vaccine-serotype
carriage. Immunological advantages for each vaccine varied according to timepoint and
serotypes. At 5 months of age, after completion of the primary series, a less than 10%
difference in the proportion of infants reaching 0.35 µg/ml antibody titres for any serotype
was observed between PCV10 and PCV13. Two doses of PCV13 were non-inferior to three
doses of PCV10 (except serotype 6B). At 9 months (pre-booster), 75.4% to 100% of PCV10
groups and 68.9% to 99.1% of the PCV13 group had seroprotective antibody levels to most
of the ten shared serotypes, and post-booster, more than 97% of participants had IgG
concentrations ≥0.35 µg/ml for all ten shared serotypes. At 18 months the proportion of
participants with seroprotective IgG levels was greater than 95% for serotypes 14 and 19F
(both groups) and 6B (PCV10 group), and from 59% for all other shared serotypes, with less
than 10% relative difference between groups.8
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3.1.2 Impact and effectiveness of 2+1 PCV schedules
The impact and effectiveness of 2+1 PCV schedules is examined here for both PCV10 and
PCV13 with respect to both direct and indirect impact.
Canada, like NZ, has successively changed the PCV used on the schedule as the vaccine
serotype content has increased, commencing with PCV7, followed by PCV10 and then moved
to PCV13. Unlike NZ and most other Canadian provinces, Québec has used a 2+1 schedule
(ages 2, 4, and 12 months) from the start rather than 3+1, and observed an 83% reduction
in IPD in children younger than 5 years from 2003 to 2016.9
When breakthrough cases of IPD caused by serotype 19A were investigated in Québec, 19
(61%) of 31 cases occurred between 8 and 14 months, following two primary doses of
PCV13 and prior to the toddler dose. Although PCV10-serotype 19F showed direct crossprotection against 19A in infants, there was no evidence of reduction in 19A carriage or
indirect (herd) reductions in adults, whereas PCV13 did reduce 19A carriage and induce herd
effects. It was considered that a recent upswing in 19A may be due to a window of
susceptibility in infants under a 2+1 schedule for PCV13 as 19A continues to circulate, but
was anticipated to decrease with stronger herd effects over time.9
In Finland, a positive impact was also observed against IPD for vaccine-eligible children
using 2+1 schedule for PCV10 with a 79% (95% CI 74-83%) reduction in IPD. Direct crossprotection was observed against serotype 6A IPD, but no net reduction for 19A. No notable
serotype replacement was observed. In unvaccinated children, indirect impact on IPD was
not sustained (33% decrease in all IPD).13
Active surveillance data in Germany found that PCV13 demonstrated high overall vaccine
effectiveness (VE) against vaccine-serotype IPD for six serotypes added to PCV7 to make
PCV13. VE of the German 3+1 schedule was found not be conclusively better for the extra
six serotypes in PCV13 than the published VE data of the 2+1 schedule in the UK. However,
as the study was based on a small number of reported IPD cases, any improved VE could
not confirmed or refuted for the 3+1 schedule.49
3.1.3 Conclusions
The choice of schedule for either PCV10 or PCV13 needs to consider prevalent serotypes and
age groups with the highest IPD incidence.
While circulation of vaccine serotypes continues, a 2+1 schedule can result in vulnerability in
infants between the second primary dose and booster. PCV10 provides direct crossprotection against 6A and 19A, but reductions in carriage and indirect protection of older
unvaccinated age groups against these serotypes appears to be superior for PCV13. As
reductions in older age groups are numerically large, lesser indirect effects could be
important drivers of relative cost-effectiveness.
Immunogenicity data from a recent head to head comparative trial of schedules in Vietnam
showed equivalence by 9 months of age but lower antibody levels post the second dose for
PCV10 compared with PCV13. In NZ, the booster is given at 15 months which is later than
other countries and leaves a greater window of vulnerability. This is particularly an issue
where children are at increased risk of exposure (e.g. overcrowding) or may have less
robust initial antibody responses (various medical conditions associated with increased IPD
risk).
Questions remain over the timing between the primary doses, the optimum age to
commence the primary series to avoid potential interference from maternal Tdap vaccination
is given, and the gap between primary and booster doses.
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3.2 3+0 schedule
There is evidence that a booster dose in the second year of life generates higher antibody
responses and greater reductions in nasopharyngeal carriage, leading to less circulation of at
least some vaccine serotype pneumococci from toddlers to the wider population. However,
to reduce the number of doses given and to ensure adequate protection in countries with
high incidence of IPD between the primary series and second year of life, a three-dose
primary series is recommended.
A study in Israel found that acquisition rates of vaccine and non-vaccine serotypes at 7-30
months of age were similar for both 3+1 and 3+0 schedules (primary 2, 4, 6 months with or
without booster 12 months), despite higher serum IgG in the booster group.50
Most evidence around long-term impact of the 3+0 schedule has come from Australia. A
cohort study based on 1.4 million births found similarly low rates of IPD among vaccinated
and unvaccinated children under two years following the implementation of PCV7 and PCV13
given as a 3+0 schedule (at 2, 4, 6 months of age). No statistically significant difference in
vaccine effectiveness was seen between one, two and three doses of PCV13 against PCV13serotype IPD among non-Aboriginal children under 2 years of age.51
For children aged less than 2 years, total IPD declined by 82% from baseline and by 69% in
those aged 2-4 years. However, for older age groups and in the longer term, reductions in
vaccine-type IPD following PCV13 were inferior to those seen after PCV7. When compared
with the UK’s 2+1 schedule, lesser reductions in IPD caused by the extra PCV13-serotypes
were most evident between ages 5-65 years. Lack of a booster dose was thought to have
led to waning immunity to 19A in the second year of life and reduced herd impacts, leading
Australia to change to 2+1 from mid-2018.15
3.2.1 Conclusions
The Australian experience provides strong evidence that, especially for serotype 19A, lack of
a booster dose in the second year of life leads to inferior long-term immunity. No recent
data were found considering the effectiveness of PCV10 in a 3+0 schedule compared with
schedules including booster doses in in the second year of life.

3.3 Ideal schedule for high-risk children
For infants with medical conditions that affect the humoral immune response to vaccines
(e.g. HIV-infected, sickle cell disease, certain primary immune deficiencies), three primary
doses are likely to be required to reach adequate antibody levels for protection.
Data is limited around scheduling of PCV vaccines in high-risk children. Only one recent
study was found that considered PCV scheduling in high risk infants.
A RCT involving 210 premature infants (born from 23 up to 35 weeks gestation) identified
that a reduced 2+1 priming schedule of PCV13 (at 2, 4 and 12 months) resulted in higher
post-booster IgG but lower post primary concentrations than either accelerated or extended
3+1 schedules (2, 3, 4 months or 2, 4, 6 months plus 12 months booster, respectively).10
One month after primary vaccination with reduced, accelerated and extended schedules,
75%, 88% and 97% of participants, respectively, had seroprotective antibody
concentrations (>0.35 µg/ml) for at least half of the PCV13 serotypes. The magnitude of the
response to booster doses at 12-months was dependent on which primary schedule they had
received. Therefore, it was concluded that an optimum schedule for preterm infants and
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other high-risk children will depend on when they are at most risk of IPD, either younger
than 6 months, between 6 to 12 months (or age of booster) or in the second year of life.10
WHO recommends a booster dose to be given in the second year of life for HIV-positive
infants and infants born prematurely who receive three primary vaccines doses before 12
months of age.4
3.3.1 Conclusions
There are unlikely to be enough IPD cases in NZ, given the relative rarity of many high-risk
conditions, to guide policy for specific high-risk groups. From the limited literature, it
appears that continuing a three-dose primary series plus a dose in the second year of life
(3+1) in high-risk children is justified.

3.4 1+1 schedule
The UK has been actively considering the option of a 1+1 schedule, through immunogenicity
clinical trials and analysis of age-specific and serotype-specific IPD incidence.
Pneumococcal conjugate vaccines were introduced to the UK immunisation schedule in 2006
using PCV7 in a 2+1 schedule (at ages 2, 4 and 12 months), continued for PCV13. A recent
RCT compared a 1+1 (at 3 and 12 months) with 2+1 schedule.11 Antibody levels at age 5
months were significantly higher in the 2+1 group (1 month after second dose at 4 months)
than 1+1 (at 2 months after the 3-month dose) for all serotypes, except type 3. In contrast,
antibody levels following the 12-month dose were significantly greater for the 1+1 schedule
for serotypes 1, 4, 14, 19F, but significantly higher under the 2+1 schedule for serotypes
6A, 6B, 18C, 23F. This is consistent with the enhanced boosting after fewer primary doses
shown previously for MenC and some PCV13 serotypes. The authors recommended the 1+1
schedule be used only in countries with mature PCV programmes, with little vaccine-type
IPD and established herd immunity. In this setting, higher antibody levels in toddlers aged
between 12-36 months who are likely to be important spreaders of pneumococci to adults
and siblings, are of greater importance than antibody levels in the first year of life.11
Although the PCV immunisation programme has lowered IPD incidence in the UK, infants
born prematurely remain at higher risk of IPD due to PCV13 and non-PCV13 serotypes than
those born full-term. Hence, changes to the schedule from 2+1 to 1+1 are likely to
disproportionately affect infants born prematurely.22
The opposing view was presented in a dynamic transmission modelling study, supported by
the manufacturer of PCV13, Pfizer, which predicted increases in pneumococcal burden
(including IPD, non-invasive pneumonia, otitis media). It was estimated that there would be
8777 to 27,807 additional disease cases, including 88-238 more IPD cases, and 241-743
more deaths over 5 years if the UK moved to a 1+1 schedule. This model was based on low
vaccine-type pneumococcal transmission.52
The previously mentioned RCT in Vietnam also studied responses to a single PCV dose. After
a single dose, PCV10 induced protective IgG (>0.35µg/ml) in a greater proportion of
participants than PCV13 (relative difference 18.3% [95% CI 11.4 to 25.3]). More than half
of the participants had seroprotective levels of IgG at 4 weeks after one dose to serotypes 1,
4, 5, 7F, 14 and 19F in the PCV10 group and to serotype 18C in the PCV13 group, but a
single dose of either vaccine elicited no response to shared serotypes 6B, 14, 23G or PCV10serotypes 6A and 19A compared with pre-vaccination GMCs.8
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3.4.1 Conclusions
Although immune responses when a booster dose is given with increased intervals following
reduced numbers of doses are interesting, there are considerable uncertainties about effects
at the population level if a 1+1 routine schedule was implemented. As the immunisation
advisory committee (JCVI) in the UK has now recommended to proceed and awaiting a
policy decision,53 it seems prudent to await their experience in a large population.

3.5 Catch-up for children aged under 5 years
WHO recommendations are that catch-up vaccination can be done with a single dose of PCV
vaccine for children over 24 months of age, although it was noted that further research was
required. Unvaccinated children aged 1-5 years at high risk of pneumococcal infection due to
underlying medical conditions should receive at least two doses separated by at least 8
weeks.4 Recent data around catch-up vaccination are limited for these vaccines.
In a mass immunisation campaign in Kenya, a sharp reduction in annual IPD incidence was
observed following the introduction of PCV10 accompanied by a catch-up campaign in 2011.
PCV10-type IPD declined from 60.9/100,000 pre-vaccine during 1999-2010 to 3.2/100,000
post-vaccine from 2012-2016 in children aged less than 5 years in the Kilifi district. A
decline in PCV-10 IPD was also observed in unvaccinated age-groups, <2 months, 5-14
years and ≥15 years.54 Vaccine was administered according the GAVI schedule at 6, 10 and
14 weeks of age (3+0) and the national catch-up provided three doses of PCV10 to children
less than 12 months of age. In a study conducted in Kilifi, children also received up to two
catch-up doses between the ages of 12-59 months in two campaigns. It was predicted that,
in the absence of the catch-up programmes, the magnitude of the effect of PCV10 would
have taken longer to be achieved.54 The catch-up campaign prevented an additional 65
cases of IPD across all age groups, compared with PCV-cohort introduction alone. It was
estimated that a two-dose catch-up in children under 1 year, then extending a single-dose
catch-up to children aged 1 to <2 years and subsequently to 2 to <5 years used an
additional 910 (732-1184), 412 (296-606) and 535 (403-763) PCV10 doses per additional
IPD cases averted, respectively.55
3.5.1 Conclusions
The Kenyan findings have interesting implications for single dose catch-up as part of a mass
campaign but have limited application to the NZ setting.

3.6 Effect of maternal Tdap vaccination
There is some concern that presence of maternal antibodies, induced by Tdap vaccination in
pregnancy, may influence the immunogenicity of primary doses for vaccines conjugated
using tetanus toxoid and diphtheria-derived proteins including PCV. The potential of this
interference is particularly relevant to the NZ primary series commencing at 6 weeks rather
than 8 weeks and if the NZ programme went from three to two doses of PCV.
When the immunogenicity of 1+1 schedule was investigated in the UK, post primary
geometric mean concentrations (GMCs) were lower for antibodies against some PCV13
serotypes (range 6% to 62% lower for serotype 6B and 14, respectively) and significantly
lower for serotypes 1, 3, 4, 5, 14, 8C and 19F in infants of mothers vaccinated with Tdap in
the 1+1 group. Post-booster responses were not affected in either the 1+1 or 2+1 groups.11
Furthermore, in a letter, Slack et al (2019) expressed concern that maternal antibody
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blunting on the immune response to a single primary PCV13 dose was likely to decrease
protection for premature or high-risk infants.56
As part of a prospective study in the UK, elevated antibody against serotype 14 was
observed at 5 months of age (following primary vaccinations at 8 and 16 weeks) in infants of
mothers vaccinated with Tdap in pregnancy, whereas antibody against serotype 7F was
higher in infants of mothers not vaccinated in pregnancy. No other differences were
observed against pneumococcal or Hib vaccine antigens.57
As presented at the International Symposium on Pneumococci and Pneumococcal Disease
(ISPDD) in 2018, no blunting in serotype-specific immunity was observed for pneumococcal
polysaccharides conjugated with NTHi protein D (serotypes 1, 4, 6, 6B, 7F, 9V, 14, 23F)
when PCV10 is given to infants of mothers vaccinated with Tdap in pregnancy compared
with CRM-conjugated serotype 19F, for which there were lower post primary and post
booster antibody levels compared with infants of unvaccinated mothers (infant schedule not
described, PCV recommended at 6-9 weeks, 4 and 11 months in Netherlands). On this basis,
it was recommended that infants of mothers who were vaccinated with Tdap in pregnancy
should preferably be vaccinated with protein D-conjugated rather than CRM-conjugated
vaccines.16
An alternative, to overcome the potential interference of maternal Tdap on infant immunity
to conjugated vaccines (including PCV), is to vaccinate pregnant women with a pertussisonly vaccine.58
3.6.1 Conclusions
The relevance of the presence of higher levels of maternal tetanus or diphtheria antibody in
infants of mothers who received Tdap vaccination in pregnancy is uncertain. Immunogenicity
data is limited, varies between PCV serotypes and vaccines and clinical outcomes uncertain.
The potential interference of diphtheria-derived protein CRM-conjugated serotypes (as used
for all PCV13 serotypes and PCV10 serotype 19F) appears greater than for TT-conjugated
serotypes (PCV10 serotype 18C) and may have relevance for seroprotection of infants prior
to a toddler booster dose if PCV is given as 2+1 schedule (particularly for PCV13, in which
all 13 serotypes are conjugated to CRM).

3.7 Summary - timing of childhood schedule for
pneumococcal immunisation.
PCV vaccines have made a considerable impact on the incidence of pneumococcal disease
and helped to reduce equity gaps in young children. Some vaccine-type serotypes remain in
circulation and the timing of the infant schedule may influence this. For some serotypes,
herd immunity has not yet been established by PCV10 or PCV13 vaccines and these
serotypes remain in circulation. PCV10 demonstrates direct protective effects against 19A
through cross-protection with 19F, but indirect / herd immunity against 19A is not observed.
A schedule with a booster dose is likely to provide long-term immunity against circulating
pneumococcal serotypes, particularly, when given to toddlers in whom bacterial carriage is
greatest. Depending on the predominant serotypes, a 2+1 schedule is likely to be widely
protective, although some infants could be at increased risk between primary and booster
doses depending on the timing of the booster dose (at 9, 12 or 15 months of age).
For high-risk infants, including those born prematurely, a 3+1 schedule is likely to be
required to provide sufficient protection, particularly if a reduced primary schedule is
implemented (such as 2+1). High-risk infants, born to mothers who received Tdap in
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pregnancy, may be more sensitive to potential interference of maternal antibody if they
received only two primary doses of PCV13. As there is less interference with TT and NTHi
conjugated serotypes, in this case PCV10 could provide better protection, but the advantage
likely to be short-lived. Therefore, a three-dose primary series is advised for these infants in
particular.

4 Herd immunity
Since young children and toddlers are significant reservoirs for pneumococci, it was
anticipated that immunising young children and reducing nasopharyngeal colonisation would
reduce the circulation of vaccine-serotype bacteria. This indirect (herd) immunity derived
from child immunisation programmes would lower the risk of vaccine-type pneumococcal
diseases in older people. However, data around the magnitude of indirect protection are
inconclusive and vary by pneumococcal serotype.
A further concern around the magnitude of vaccine-induced indirect reductions in total IPD is
serotype replacement whereby non-vaccine serotypes fill the niche of vaccine-serotypes as
they decline. Evidence for herd immunity versus serotype replacement is reviewed.
4.1.1 Mixed schedules with PCV7, PCV10 and PCV13
There is evidence that serotype replacement has occurred in adult groups in some countries
since the introduction of PCVs to the child immunisation schedules. For example, in 5 years
since the introduction of PCV13/10 programmes in children in Europe, the incidence of PCVserotype IPD decreased by up to 50% in adults aged 65 years of older. However, an
increase in non-PCV-type IPD has been observed, resulting in an only moderate decline in
IPD overall.18
PCVs had a major effect on the rate of IPD in children in Quebec from 2004-2016 (with
successive use of PCV7, PCV10 and PCV13), but this decrease was not also reflected in
adults. Although the proportion of IPD cases in older adults caused by PCV13 serotypes
declined, the overall IPD rate did not decrease. In 2016, 79% of cases were non-PCV13-type
IPD and in those aged 65 years or older, 28% of cases were due to PCV13 serotypes and
62% to serotypes included in PPV23.9
A pneumococcal nasopharyngeal carriage study in conducted over 3 years in Belgium found
that, after completion of a switch from PCV13 to PCV10 in the childhood immunisation
programme, the proportion of PCV13-non-PCV10 serotypes (mainly 19A) increased
significantly in children aged 6 to 30 months in day-care visiting a physician for acute otitis
media.14
4.1.2 PCV10 usage
The impact on all-cause pneumonia hospitalisation rate in adults was assessed following the
use of PCV10 in infants in Finland. Prior to PCV10, the annual all-cause pneumonia rate had
been increasing annually by 2.4% (from 2004/5 to 2009/10). This declined by 4.7%
annually during 2011/12 to 2014/15 following the introduction of PCV10 in 2010. A
significant decline of 6.7% annually was seen in adults aged 65 years or older. The rate of
pneumococcal pneumonia decreased annually by 8.1% (IRR 0.92 95% CI 0.88-0.97) and
significant annual decline of 14.5% was seen in older adults.19
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4.1.3 PCV7 and PCV13 usage
The findings of a Danish study suggested that toddlers were not the main reservoir for
pneumococcal serotypes causing most of the IPD cases in the elderly. By serotyping
pneumococci cultured from nasopharyngeal swabs, Danish children aged 8-19 months were
found be the main carriers of pneumococcal serotypes causing non-vaccine-type IPD in
children aged 0-4 years (mostly 8 and 24F in 2016). However, serotypes causing IPD in the
elderly were not found or were found in low prevalence in these children (most were
serotype 8, also 3, 7F, 9N, 22F and 12F during 2014-2016). Serotype 8 was found in two
children at baseline only. The carriage rate of pneumococci before attending day-care was
26% and increased to 67.4% after 6 months. In Denmark, PCV7 vaccination was introduced
in 2007 and replaced with PCV13 in 2010.59
Nasopharyngeal carriage of pneumococci was found to be low in adults aged 65 years or
older in the US. Vaccine-type carriage was very low and similar between those that were
PCV13 vaccinated or not (0.2% vs 0.1%, respectively). Out of 2989 participants, only 55
(1.8%) were found to carry pneumococci and colonisation was associated with respiratory
symptoms. This study was unable to conclude whether indirect or direct effects of PCV13
vaccination had an effect on adult carriage.60
Serotype 3 causes much of the remaining PCV13-type disease in the US and other countries
that routinely use PCV13. No herd immunity has been demonstrated for this serotype since
immunisation appears to have little or no effect on carriage. Serotype 3 is more invasive and
results in more severe disease, with temporal variations in incidence. This serotype has a
thick mucoid capsule that secretes free polysaccharide (in animal studies), interferes with
antibody-mediated bacteriolysis and reduces the opsonophagocytic clearance. Higher
antibody titre thresholds (2.83 µg/ml compared with the standard seroprotective assay cutoff of 0.35µg/ml) are required for protection against this strain. Unpublished data, presented
to the ACIP, showed that VE against serotype 3 in children declines from 12 months after
the last vaccine dose.20

4.2 Conclusions
PCV vaccination programmes have resulted in a significant impact on IPD incidence in
children, and against vaccine-type IPD due to some serotypes in older adults. Reports vary
to the extent of herd effects, which may not protect those at increased risk from IPD and
may be associated with increases in non-vaccine serotypes which reduce or eliminate
reductions in vaccine-type disease.

5 Pneumococcal vaccines in high-risk groups
Funded pneumococcal vaccines are available in New Zealand for those at highest risk with
certain medical conditions and severe immunocompromise.
Compromised immunity is a significant risk factor in opportunistic infections like
pneumococcus. Mortality with IPD is more than 50% for those with asplenia. Although antiretroviral treatment has significantly reduced the burden of IPD in individuals with human
immunodeficiency virus (HIV), the risk of disease remains 35 times higher in HIV-infected
than non-HIV-infected individuals.61
Patients with conditions affecting the respiratory and immune systems are also at high risk
of IPD and death. Chronic respiratory diseases, including chronic obstructive pulmonary
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disease (COPD), cystic fibrosis and lung cancer, are associated with impaired respiratory
tract immune responses and increased infection risk. For those with common respiratory
diseases like asthma and COPD, the risk of IPD is two to six-fold greater than the general
population.61
High-risk groups for funded vaccine include:
-

Pre and post solid organ and haematopoietic stem cell transplant (HSCT)
Human immunodeficiency virus (HIV) infection
Primary immunodeficiencies – vaccines also used to diagnose
Immunosuppressive therapy and radiotherapy recipients, including corticosteroids
(for more than 2 weeks or equivalent dosage of 2mg/kg per day)
- Functional and anatomic asplenia, pre and post splenectomy
- Complement deficiency (acquired or inherited)
- Undergoing renal dialysis
- Cochlear implants
Funded for children aged under 5 years with these medical conditions (PCV13, from 2
years of age plus PPV23)
- Intracranial shunts
- Cerebrospinal fluid leakage
- Chronic pulmonary disease, including asthma with high-dose corticosteroids
- Preterm infants, born before 28 weeks gestation
- Cardiac disease with cyanosis or failure
- Diabetes
- Downs syndrome
- Renal failure and nephrotic syndromes
For further details refer to the Immunisation Handbook 2017.21
In Australia and Canada, separate categories for immunisation are delineated for those at
high risk of pneumococcal disease. Canada distinguishes immunocompromised and
immunocompetent conditions and includes special situations such as alcoholism, living in
aged-care and homelessness as risk factors for IPD. Australia has category A and B risk
factors for those at high risk or increased risk of IPD. Occupational risk factors and lifestyle
factors are also considered in the UK.2
This section will examine whether those at high risk of IPD are being adequately protected
or if there are other groups that could be better protected by funded pneumococcal
vaccines. The most recent literature is considered that adds further information to that
obtained by our 2016 literature review on pneumococcal immunisation in high-risk groups.2

5.1 Immunocompromised children and children born
preterm
Premature infants aged less than 1 year are disproportionately affected by IPD as compared
with those born at term for both PCV13 and non-PCV13 serotypes. Under the reduced 2+1
primary schedule (8, 16 weeks and 12 months) in the UK, incidence risk ratio of IPD
increased from 2.9 in those born before 35 weeks to 8.8 in infants born younger than 28
weeks gestation as compared with infants born at term. The case-fatality rate for IPD was
not significantly different between term and preterm infants (p=0.62).22 An RCT found that
the optimum vaccine schedule for preterm infants with PCV13 would depend on the age at
which they were at most risk of IPD. Infants who received a two-dose ‘reduced’ primary
schedule (2 and 4 months) or ‘accelerated’ schedule (2, 3, 4 months) had higher IgG levels
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post-booster (given at 12 months) than those who received an ‘extended’ (2, 4, 6 months)
three-dose primary schedule, regardless of serotype. At one month after the two-dose,
accelerated or extended primary series, 75%, 88% and 97% of participants, respectively,
had seroprotective antibody levels for at least half of the PCV13 serotypes.10
In NZ, infants born prematurely are only currently considered as being a high-risk group if
they are born before 28 weeks gestation, unless they have underlying health issues that
makes them eligible for further pneumococcal vaccination. These infants are likely to be
adequately protected by the 3+1 schedule in place and are therefore not currently observed
to be at increased risk. There is a risk however that if a 2+1 schedule is implemented more
cases of IPD may emerge in this potentially vulnerable group.
For catch-up vaccinations, WHO recommends that unvaccinated children aged 1-5 years,
who are at high risk pneumococcal infection such children with HIV-infection or sickle-cell
disease, receive at least two doses given at least 8 weeks apart.4

5.2 Older adults
Older age is associated with increased risk of pneumococcal disease as immunity and
effective respiratory clearance mechanisms decline, independent of chronic health
conditions.
Many countries have followed the lead of the US and recommend pneumococcal vaccination
for adults aged ≥65 years.
Indigenous peoples are known to have a high risk of IPD at a younger age than nonindigenous people, therefore, Australia and Canada recommend these groups to receive
pneumococcal vaccination from 50 years of age. The risk of IPD for adults aged 50 to 64
years with a single non-immunocompromising medical condition was found to be twice that
of the general population.2
Most recently, US ACIP has been re-evaluating its recommendations for PCV13 to be
administered routinely to immunocompetent adults aged ≥65 years in a setting of sustained
indirect effects of PCV13 given to children. Revised recommendations are anticipated mid2019.23
Indirect protection stemming from childhood immunisation programmes has reduced the
circulating vaccine-type IPD cases in older adults in the US. Non-PCV vaccine serotypes are
more likely to cause disease, some of which are covered by PPV23. Therefore, the role of
PCV13 in adults is unclear. PCV13 does not appear to be directly or indirectly effective
against serotype 3 disease in older adults, although the data is inconsistent. Type 3 IPD
increased 31% in 10 years <5 year olds, but little change was observed for adults.20
In 2016 in NZ, 37.4% of the IPD cases in adults aged 65 years and older were PCV13
serotypes, notably serotype 19a (17%) and 69.2% were due to PPV23 serotypes.12 Changes
in serotype prevalence is illustrated in Figure 4.12 Further assessment of the prevalent NZ
serotypes in adults and children is required to gauge the influence childhood immunisation
programmes (using both PCV13 and PCV10 vaccines) have had in more recent years.
5.2.1 Prevention of pneumococcal pneumonia
PCV13 was found to be most effective against CAP and lobular pneumonia in healthier older
adults (without high-risk medical conditions). However, the effectiveness of PCV13 was
around 6-11.4% against all-cause community-acquired pneumonia (CAP), and only
represented 5.1% of all-cause CAP hospitalisations averted in the US.29
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Community-dwelling adults aged ≥65 years who had received PCV13 or PPV23 before or
during a 12-month study period were found to have a reduced risk of pneumococcal
colonisation when followed bi-weekly (p<0.001). There was no significant decrease in risk of
colonisation with the addition of PCV13 compared to those who had received PPV23 alone.
The study found that nasopharyngeal and oropharyngeal pneumococcal colonisation was
frequent in older adults (as detected by lytA polymerase chain reaction analysis).41
5.2.2 Conclusions
Adults aged over 65 years are a risk group for IPD. In certain populations, particularly
indigenous peoples, a similar level of risk is observed at a younger age than non-indigenous
people. It is therefore necessary to assess pneumococcal vaccination for adults from 50
years of age, particularly for those with underlying health conditions not currently eligible for
funded vaccine.
PCV13 may provide some protection for healthier older adults against CAP and lobular
pneumonia depending on prevalent serotypes in this population. However, PPV23 is likely to
be more broadly protective.

5.3 Risk stacking
In a previous literature review that specifically examined pneumococcal immunisation in
high-risk groups, the concept of ‘risk-stacking’ was presented.2
From the literature, two classifications of risk were identified: namely, ‘high-risk’ conditions
for which there is a significant risk from pneumococcal infection and IPD, and ‘at-risk’
conditions, which on their own may not significantly increase risk, but when combined
together or with other factors, such as age, alcoholism, tobacco smoke, air pollution and
socio-economic deprivation, can significantly increase an individual’s likelihood of developing
IPD or pneumococcal pneumonia.24, 25 The risk of life-threatening pneumococcal infections in
children and adults with two or more comorbidities can be high as in those with a recognised
high-risk condition.2
Chronic illnesses, including diabetes, cardiac, pulmonary, liver, renal and alcohol-related
diseases, cerebral-spinal leakage and intracranial shunts, are significant risk factors for IPD.
In NZ in 2016, 57.7% of cases with a risk factor reported had chronic illness, 23.5% of
those aged over 15 years reported smoking as a risk factor and in 61.5% of under 5 yearolds, smoking in the household was a risk factor.12
5.3.1 Risk-stacking in children
Children with high-risk conditions were found to be less well immunised than the general
population – highlighting a need to increase awareness of the benefit of vaccination in highrisk children against all diseases, where contraindications are not present. Tobacco smoke
exposure was shown to increase the risk of IPD, particularly for children with other risk
factors such as chronic respiratory disease, compromised immunity and frequent
hospitalisation.2, 12 Attending childcare is also associated with increased risk of IPD.12
5.3.2 Risk-stacking in adults
In the US, one dose of PPV23 is recommended for adults aged 19-64 years with chronic
medical conditions, including chronic heart (excluding hypertension), lung or liver disease,
diabetes, alcoholism or cigarette smoking.28
Mortality due to IPD (culture-positive pneumonia, meningitis or bacteraemia) among
unvaccinated US adults aged 50 years or older was shown to increase as individual risk
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factors were stacked: each additional risk factor increased 30-day mortality by an average
of 55% (± 13%) during 2002-2011. Mortality with six stacked indications was double that of
two indications. The greatest increase in risk was seen between two and three stacked risk
factors (70%). The risk factors assessed included age ≥65 years, alcohol abuse, chronic
heart disease, chronic heart failure, chronic liver disease (any severity), chronic respiratory
disease, diabetes mellitus, immunodeficiency, and tobacco smoking, as identified by the
Advisory Committee on Immunization Practices (ACIP). Increased risk was not however
multiplicative for related conditions (e.g. liver disease and alcohol abuse, smoking and
respiratory disease). This national case-control study was unable to conclude whether or not
smoking alone increased risk, but when associated with other comorbidities, it played a role
in risk-stacking.27
5.3.3 Risk stacking in older adults
Being resident in long term or other chronic care facility is associated with increased risk of
IPD (5.7% of cases with recorded risk factors).12
A study presented at the ACIP meeting February 2019 found that the prevalence diabetes or
chronic lung disease was 42% of the Medicare population aged ≥65 years who were
hospitalised with pneumonia. Around a third of the study cohort (which represented more
than half of the US over 65-year-old population) had a condition classified as high risk, in
particular chronic kidney disease, generalise malignancy, immunodeficiencies, plus a
condition that increased their risk (chronic heart disease, diabetes, chronic lung disease),
e.g. diabetes plus chronic kidney disease. A quarter of pneumonia cases were classified as
being low risk.29
In adults aged ≥65 years with at least one risk factor, the incidence of IPD was almost
three-fold higher and the incidence of CAP hospitalisation was two-fold higher than for those
without risk factors, according to analysis of data from a population-based prospective study
(45 and Up Study) involving 266,951 participants aged 45-85 years in Australia. Casefatality rate increased with age, but there was limited difference in risk status except for
those aged 45-64 years. Risk factors assessed were alcohol consumption, smoking, heart
disease, diabetes, asthma, haematological disorders including cancer, non-haematological
cancer, renal disease, chronic respiratory diseases and chronic liver diseases. The incidence
of CAP hospitalisation varied significantly within risk groups, however since the study was
focussed on high-risk groups as a whole details for individual risk groups were not
considered. The Pharmaceutical Benefits Advisory Committee (PBAC) recommended PCV13
as a replacement for PPV23 for all adults aged ≥65 years in Australia. The study concluded
that it may be worth considering pneumococcal vaccination (e.g. PPV23 following PCV13) for
older adults with at least one risk factor, even if additional doses were not deemed to be
cost-effective for all adults.26
5.3.4 Conclusions
The risk of pneumococcal disease, CAP and IPD, is increased by chronic medical conditions,
such as heart disease, diabetes, asthma, renal disease, age or life-style factors,
homelessness, living in aged-care, smoking and high alcohol consumption, as well as
ethnicity and socio-economic status.
Consideration of the risk and benefits in terms of reducing pneumococcal disease burden is
needed when recommending pneumococcal vaccination (PCV13, PPV23 or both) for those
with two or more risk factors, particularly for those under the age of 65 years with multiple
comorbidities or increased risk due to ethnicity.
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It is important to ensure that children with increased risk of IPD through chronic illness,
ethnicity or high deprivation are fully immunised. Children exposed to smoke in their
household and attending childcare are at increased risk.

6 Pneumococcal polysaccharide vaccine in
high-risk groups and older adults.
Although the 23-valent pneumococcal polysaccharide vaccine (PPV23) does not induce
immune memory, it can protect high-risk groups aged from 2 years of age against IPD
caused by a broader range of pneumococcal serotypes than the currently available PCVs. As
a polysaccharide vaccine, the immune response is only humoral, directly activating B cells to
produce polysaccharide-specific antibody, but not activating a T cell response required for
memory or long-lasting antibody.
Due to the reduction of PCV10 and PCV13 serotype carriage in children resulting in reduced
circulation, adults are at increasing risk from non-PCV serotype IPD some of which are
covered by PPV23.
In NZ, 37.4% of the IPD cases in 2016 in adults aged 65 years and older were PCV13serotypes (68/182 cases), notably serotype 19A (31 cases), and 69.2% were due to PPV23
serotypes.12 This is fewer than in 2015, when half the IPD cases were PCV13 serotypes and
74% were PPV23 serotypes.17 Large decreases in PCV7 serotypes have been observed in all
age groups since 2006 as shown in Figure 4.
Figure 4: Rate per 100,000 population of invasive pneumococcal disease due to
vaccine serotypes and non-PCV13 types in the 65 and older age group, by year, 2006–
2016 (Source ESR)

In 2018, 333 cases out of a total of 367 non-PCV13 serotype IPD cases were aged over 5
years,5 but this time frame is too short to evaluate serotype prevalence in adults since the
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change in 2017 from PCV13 to PCV10 in the childhood schedule. This switch may reduce
protection against 19A IPD, since although the 19F polysaccharide in PCV10 has crossprotective effects against 19A, these are less than seen with 10A as a vaccine serotype. In
Belgium, 3 years following a switch from PCV13 to PCV10 a significant increase in PCV13non-PCV10 serotype carriage (mainly 19A) was reported in children attending daycare.14
Key questions remain as to the comparative benefits of the greater number of serotypes in
PPV23 compared with potentially more robust and long-lasting protection against a smaller
number of serotypes from PCV13. Our previous review did not specifically examine PPV23 in
the prevention of IPD and CAP in at-risk populations.2 These are considered below.

6.1 Invasive pneumococcal disease
In a meta-analysis of RCT data in adults aged 50 to 95.5 years, the immunogenicity of a
single dose of PCV13 was shown to be superior to PPV23 for 10 out of 13 common serotypes
(1, 4, 5, 6A, 6b, 9V, 18C, 19A, 19F and 23F),. For serotypes 5, the geometric mean titre
ratio was significantly higher in those aged over 65 years than the younger age group.
Conversely, for serotypes 7, 19F and 23F, the younger age group responses were higher
than those aged ≥65 years. Responses were comparable between pneumococcal naïve
individuals and those with prior PPV23 vaccination.62
A role for PPV23 vaccination was suggested by meta-analysis of IPD incidence in adults aged
65 years or older in 13 sites in 10 European countries, commissioned by the European
Centres for Disease Prevention and Control and European Commission.18 After 5 years of
PCV10 or PCV13 immunisation programmes in children, the incidence of IPD in older adults
declined by 9% for all pneumococcal serotypes, 77% for PCV7-serotypes and 38% for
additional PCV13 serotypes. However, for non-PCV13 serotypes, the incidence of IPD
increased by 63% (95% CI 39-91%). In 2015, 20-29% of IPD cases were PCV13-serotypes
in PCV13 sites and 32-53% in PCV10 sites. The difference between sites was especially
observed for serotype 19A. Compared with 2009, in 2015 the incidence rate of PPV23-nonPCV13 serotypes had increased by around 50% and these 11 serotypes caused 22-54% of
IPD in older adults per site. The authors of the meta-analysis recommended that policy
makers take into account the indirect impact of childhood programmes on older adults; and
that vaccines given to directly reduce pneumococcal disease in older adults include a wider
range of serotypes.18
PPV23 induced a robust immune response in adults aged over 50 years to the PPV23/nonPCV13 serotypes 10A, 11A, 15B and 17F associated with high case-fatality or meningitis.63
A systematic review and meta-analysis considered the effectiveness of PPV23 against
pneumococcal disease in adults aged 60 years of older. Studies deemed to have high bias
were excluded. The study found that pooled VE against IPD of any serotype ranged from
45% (95% CI 15-65%) to 59% (35-74%) and 73% (10-92%) in cohort, case-control or
clinical trial data, respectively. Pooled VE against any serotype pneumococcal pneumonia
was 48% (25-63%) and 64% (35-80%) in cohort studies and clinical trials, respectively.
Waning of protection was found between 2.5 years and 5 years follow-up after PPV23.30
6.1.1 Conclusions
Several countries and settings have reported an increasing incidence in non-PCV serotype
IPD in older adults. PPV23 provides broader protection against IPD and pneumococcal
pneumonia, however, although antibody appears longer lived, the duration of clinical
protection may be quite short-live (2.5–5 years). There was a very wide range of VE
estimates for PPV23, some which are surprisingly high and should be treated with caution.
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6.2 Revaccination with PPV23
Due to reported attenuation of immune response, described as hyporesponsiveness,
following repeat doses of PPV23, some countries limit the number of doses recommended to
a maximum of three life-time doses. Recommendations around repeat boosters are vary. For
example, in Canada, revaccination with one life-time booster, given 5 years after the initial
dose, is recommended for high risk groups. Other countries recommend repeat doses of
PPV23 to be given 5 or 10 years apart, depending on risk.2
Data is limited around the use of repeat doses of PPV23 in the elderly and high-risk groups.
It is uncertain how long-lived protection is following PPV23 vaccination. One systematic
review found in observational studies that revaccination with PPV23 is likely to induce longlived antibody, comparable to primary vaccination. However, antibody levels within the first
two months tended to be lower after revaccination compared with primary vaccination.
Adequately powered RCT with clinical endpoints and clinical effectiveness data were
lacking.31
Revaccination of Aboriginal Torres Strait Island adults with PPV23 did not provide enhanced
protection against all-serotype IPD when compared with IPD rates of those who were not
revaccinated at least 5 years after the initial PPV23 dose (hazard ratio [HR] 0.77 vs 1.09)
and no differences were observed between vaccine-specific serotypes. A retrospective datalinkage study conducted over a 13-year period in North Queensland, Australia, identified 79
confirmed IPD cases among 12,809 adults aged ≥16 years. However, the authors noted that
these findings need to be taken with caution as confounding factors, such as health-care
engagement and high risk chronic conditions were not included.34 In the Northern Territory,
fewer ATSI adults had adequate responses to a first dose of PPV23 than non-indigenous
counterparts (88% vs 100%) and lower IgG responses to a second dose.64
In Japan, revaccination of adults aged 70 - 89 years with PPV23 was found to provide
continued seroprotection against pneumococcal disease when given at least 5 years after an
initial PPV23 dose. Second doses were well tolerated and associated with increases in
serotype IgG and OPA geometric mean titres (GMT) at 4 weeks post vaccination. Antibody
titres after revaccination were generally comparable to those who received PPV23 for the
first time. Baseline antibody levels were generally higher in those who had prior PPV23
vaccination than those who were PPV23-naïve.32 In a post hoc analysis, subsequent doses
given at least 5 years after the first induced comparable IgG for the 14 serotypes measured
(serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F) and OPA GMT for all
six serotypes (3, 4, 6B, 14, 22F, and 23F) assessed regardless of the interval between
PPV23 doses (at 5, 6, 7, 8, 9-11 years). Baseline serotype-specific antibody titres to the 14
serotypes evaluated were comparable regardless of the time interval following the initial
PPV23 vaccination. Although the OPA geometric mean fold ratios (GMFR) were lower in
those being revaccinated than those in the primary vaccination group, the lower 95% CI
level of GMFR for 14 serotypes exceeded one in all groups. Most of the revaccinated
participants had underlying chronic medical conditions.33
6.2.1 Conclusions
Revaccination with PPV23 at least 5 years after the initial dose is immunogenic but may not
provide additional benefit to all ethnic groups, especially in the presence of underlying health
conditions. Questions remain around the clinical effectiveness and intervals between repeat
doses of PPV23 that provide continued protection.
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6.3 Role of PPV23 in preventing pneumococcal pneumonia
Patients are more frequently hospitalised with pneumococcal pneumonia than nonpneumococcal pneumonia (80% vs 66%, p<0.001) and significantly more of those
hospitalised require supplementary oxygen and mechanical ventilation, according to a
German study.35
In our 2016 literature review about high risk groups, limited evidence was found for PPV23
having a protective effect against all-cause community-acquired pneumonia (CAP) in older
age groups at increased risk of pneumococcal disease.2
In Japan, PPV23 was found to have low to moderate VE against serotype-specific
pneumococcal pneumonia in adults aged ≥ 65 years, which differed by vaccine serotype.
Overall VE against PPV23-types was 33.5% and PCV13-types 40.1%. VE was highest in
those younger than 75 years, in females and those with lobular or healthcare-associated
pneumonia. However, this Japanese study using test-negative controls observed no
significant effect of PPV23 vaccination against pneumococcal pneumonia mortality and the
point estimate of VE declined with time and almost disappeared after 5 years.36
Sex- and age-dependent effectiveness of PPV23 on all-cause pneumonia was also shown in a
German study and a significant reduction in pneumonia mortality was only observed in
adults aged 60 to 79 years.65
A systematic review and meta-analysis conducted in 2016 that used Canadian National
Advisory Committee on Immunisation methodology, estimated effectiveness of PPV23 in
adults aged >50 years against CAP to be 4% (95% CI -26 to 26%) in clinical trials, 17% (26 to 45%) in cohort studies and 7% (-10% to 21%) in case-control studies.37
However, the systematic review and meta-analysis, mentioned in section , which considered
the effectiveness of PPV23 against pneumococcal disease in adults aged 60 years of older
found that the pooled VE against any serotype pneumococcal pneumonia was 48% (2563%) in cohort studies and 64% (35-80%) in clinical trials.30 These VE appear to be higher
than those found previously and may reflect differences in study design, pneumococcal
detection and settings, such as residential care versus community-living adults.
The difference between these data is whether vaccine effectiveness was against
pneumococcal pneumonia in which pneumococci have been isolated or all-cause communityacquired pneumonia, which encompasses pneumococcal pneumonia as well as other
infections.
6.3.1 Conclusion
PPV23 appears to have low-to-moderate effectiveness against pneumococcal pneumonia,
the protection wanes rapidly and does not appear to reduce mortality or all-cause
pneumonia incidence.

6.4 Immune response to PPV23 in high-risk groups
Immunosuppressive therapies used to treat chronic health issues, as well as the
comorbidities themselves, can increase the risk of pneumococcal disease and also affect the
immune response to vaccination with the potential of reducing vaccine immunogenicity and
effectiveness in certain at-risk groups.
The initial serological response to PCV and PPV23 is impaired in patients receiving
immunosuppressive medication, as indicated by a PROSPERO-registered systematic review.
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This impaired response was more profound after PCV than PPV23, which was hypothesised
to be due to immunosuppressive therapies targeting cellular immunity and impairment of T
cell-dependent response to PCV; whereas, TNF-α blocking agents were associated with more
favourable responses to PCV. A meta-analysis compared seroconversion responses to PCV
and PPV with those receiving methotrexate or azathioprine, anti-TNF-α, rituximab (only
assessed for PCV) or in combination, and in healthy controls. Impaired humoral responses
against PCV were demonstrated in patients with autoimmune disease on immunosuppressive
therapy. This study was unable to evaluate current recommendations to vaccinated patients
with PCV and PPV23 sequentially.38
No additional deleterious effect on the short or long-term immunogenicity of PPV23 was
detected due to anti-TNF therapy (etanercept) in patients with juvenile idiopathic arthritis
who received conventional disease-modifying anti-rheumatic drug (DMARD) therapy
(methotrexate).66
The presence of interstitial lung disease was associated with increased risk of pneumonia in
900 Japanese patients with rheumatoid arthritis treated with biological or
immunosuppressive therapies (hazard ratio 3.6 [95% CI 1.55-8.40]). The RCT also found
that PPV23 did not prevent pneumonia overall in the vaccinated patients compared with
placebo control patients (3.7% vs 3.4% developed pneumonia, respectively).39
An RCT post-hoc analysis found impaired immunogenicity against PPV23 in patients aged
60-70 years with type-2 diabetes who concurrently received a live-attenuated Oka varicellazoster vaccine (BVZV, Japanese brand with same viral dose as in varicella vaccine for
children). The IgG responder rates at 3 months after vaccination against either or both
PPV23 serotypes (6B and 23F) was 68% in those who received both PPV23 and BVZV
compared with 85% for those who received PPV23 and placebo.40
6.4.1 Conclusions
Factors affecting cellular immunity, such as immunosuppressive therapy and chronic health
conditions, result in poorer immune responses to PCV vaccines than PPV23. Other factors
appear to affect the immunogenicity to PPV23, such as concurrent administration of live
vaccine and the presence of interstitial lung disease. There is limited data around the
effectiveness of either PCV or PPV23, or both, in those at increased risk of pneumococcal
disease with chronic health conditions.
The Immunisation Handbook 2017 states that herpes zoster vaccine can be delivered
concomitantly with PPV23; however, this is a variation from the product information. In light
of the impaired immunogenicity seen in Japan (with a similar live vaccine), this may need to
be reviewed.21

6.5 Other approaches to reduce risk of pneumococcal
disease in adults
Adults are frequently unaware of the vaccines available to them to reduce their risk of
disease. Positive recommendations from healthcare professionals are the greatest influence
on vaccine uptake. Adults with increased risk from IPD and pneumococcal pneumonia, due
to multiple morbidities could be better protected if advised to receive pneumococcal vaccine.
However, those for whom the vaccine is not funded are less likely to receive this vaccine,
particularly in the lower socioeconomic groups.
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One challenge for legislators is to determine what level of risk is seen as being appropriate
to fund vaccine i.e. whether it would be two or more defined comorbidities or combinations
certain co-morbidities?
6.5.1 PPV23 plus influenza vaccination
Other approaches reduce the risk of pneumococcal disease in those at risk, such as influenza
vaccination, which is available to much wider at-risk groups and adults aged 65 years plus.
One third of pneumococcal colonisation events in adults aged ≥65 years were associated
with preceding acute respiratory tract infection and respiratory illness.41 It follows that a
greater uptake of influenza vaccine in adults may help to reduce the risk of secondary
pneumococcal infections, particularly pneumonia, while the childhood programme helps to
provide herd immunity to reduce circulating pneumococcal serotypes.
Simultaneous administration of PPV23 and quadrivalent inactivated influenza vaccine (QIV)
was shown in Japanese adults aged ≥65 years to be acceptably immunogenic and
seroprotective against six pneumococcal serotypes (3, 4, 6B, 14, 19A and 23F) and vaccinetype influenza strains as compared with sequential vaccination (2 weeks apart) without any
increase in adverse events.67
PPV23 vaccination provided significantly better protection against pneumococcal CAP in
adults age ≥65 years in Japan than trivalent inactivated influenza vaccine (aOR 0.23 [95%
CI 0.08-0.66] vs 0.65 [0.31-1.36], respectively). However, against all-cause CAP, PPV23
and TIV were less effective, but provided some benefit as compared with no vaccination
(aOR 0.76 [0.44-1.32] and 0.79 [0.50-1.25]).42
An older study in Australia found no incremental benefit against hospitalised CAP of
receiving PPV23 and influenza vaccination compared with influenza vaccine alone (RR 0.98
[0.81-1.18]. Point estimates for PPV23 alone vs no PPV23 suggested a small, but not
statistically significant benefit, against death associated with HCAP (RR 0.82 [0.66-1.28])
and all-cause mortality (0.82 [0.71-1.20]). 43
Unfortunately, influenza vaccine is not as effective in older age groups and those with
immune compromise as in healthier, younger adults.68 Also, other respiratory virus
infections can lead to severe acute respiratory illnesses. Therefore, direct protection against
IPD through pneumococcal vaccination is likely to be required for those at highest risk.
6.5.2 Conclusions
Pneumococcal polysaccharide and influenza vaccination in adults, particularly for those with
increased risk of severe disease, may help to reduce the burden of IPD and pneumococcal
pneumonia in older age groups. Direct protection is required against IPD for those at highest
risk of pneumococcal infection.
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7 Appendix
7.1 History of pneumococcal vaccination in New Zealand
Pneumococcal conjugate vaccines were first introduced to the NZ Schedule in June 2006 for
high risk children and adults with pre- and post-splenectomy and then in June 2008 as part
of the routine schedule. Following the introduction of PCV, a significant decline in vaccinetype IPD was observed.
Table 1: Pneumococcal conjugate vaccine (PCV) immunisation programmes and practices:
history in New Zealand (adapted from 2017 and 2006 Immunisation Handbooks, Ministry of
Health)

Year

Programmes

Target population

2006

PCV7
PPV23

2008

PCV7 – routine 3+1 schedule

Funded for certain high-risk children
Funded for adults and children pre and post
splenectomy and children with functional asplenia
Routine schedule for all children at 6 weeks, 3, 5 and 15
months of age

2011

PCV10 replaced PCV7
PCV13 replaced PCV7

Routine schedule for all children (3+1)
For some high-risk children

2014

PCV13 replaced PCV10

Routine schedule for all children (3+1)

2015

PCV13

For adults with certain high-risk conditions

2017

PCV10 replaced PCV13
PCV13 retained with PPV23

For all children (3+1)
High risk groups, including adults
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7.2 Pneumococcal-containing vaccines available in New
Zealand
Two PCV vaccines, 10-valent (PCV10) and 13-valent (PCV13), are available in New Zealand
from 6 weeks of age. Also available from 2 years of age is a 23-valent pneumococcal
polysaccharide vaccine (PPV23) that is funded for certain high-risk groups to provide
additional protection from serotypes not covered by PCV13. 21 Refer to Table 2.
Table 2: Pneumococcal capsular polysaccharide-containing vaccines available in New
Zealand, licensed by Medsafe (Source: Medsafe data sheets)

Routine schedule
PCV-10 (Synflorix®, GSK) Serotypes 1, 4, 5, 6B, 7F, 9V, 14, 23F conjugated with non-typeable Haemophilus
influenza (NTHi), 18C conjugated with tetanus toxoid, and 19F conjugated with diphtheria toxin-related carrier
protein CRM
High risk groups – children and adults
PCV-13 (Prevenar®13, Pfizer) – all serotypes conjugated with CRM
PPV23 (Pneumovax 23, Merck Sharp and Dohme)
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7.3 International policy and practice
Previous literature reviews have reported on the National Immunisation Schedules for
pneumococcal immunisation in the US, Canada, Australia and the UK, and selected European
countries. Recommendations for pneumococcal immunisations are summarised in Table 3.
No changes internationally were identified to guidance around high-risk groups for
pneumococcal vaccination since our previous review in high-risk groups.2 ACIP are currently
reviewing recommendations for PCV13 in immunocompetent adults aged from 65 years.23
Table 3: Summary of examples of international immunisation schedules for pneumococcal
vaccines, as of May 2019.

Country

USA

Canada

Australia

Vaccine used

2, 4, 6, 12-15m

PCV13

Adult >65y

PCV13 / PPV23

2, 4, 12m

PCV13
(PCV10 Quebec)

2+1

3+1 PCV13 schedule (2,4,6,18m) in two
territories with high proportion of
indigenous peoples

6w/2, 4, 12m
High risk 6m

PCV13

2+1

PCV13 given at 6m to medically at-risk
or indigenous (ATSI) children in high
risk areas

High risk 4 y
Adult

NZ

Denmark
France
Germany
UK

Total number of
routine doses in
childhood

Age of
vaccination

3+1

PCV10

High risk

PCV13 + PPV23

3, 5, 12m

PCV13

65y (unfunded)

PPV23

8w or 2, 4, 11m

PPV23 from 2y for high-risk children
Adult ≥65y PCV13 under review.

PPV23 for medically at-risk children
aged 4 years
ATSI 15-49 y with risk factors and >50
years. All adults >65 years, single dose

PPV23

6w, 3, 5m, 15m

Special recommendations

3+1

PPV23 from 2 years of age

2+1

No official recommendation,
reimbursement for defined at-risk
groups

PCV

2+1

Mandatory in children

2, 4, 11-13m

PCV

2+1

≥60 y

PPV23

Adults aged ≥60 recommended booster
every 6 years if indicated

2, 4m, 12m

PCV13

65 y

PPV23

2+1

Abbreviations: w – weeks; m – months; y – years; PCV – pneumococcal conjugate vaccine; PPV23 – 23-valent pneumococcal
polysaccharide vaccine; ATSI – Aboriginal Torres Strait Islander
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7.4 Methodology for review
7.4.1 Literature search strategy
The aim of the literature review was to find literature to answer certain questions around
pneumococcal immunisation in the NZ context. It was not a systematic review. Literature
searches were limited to recent data, published since 2016 when a review was conducted on
the childhood schedule. Wider searches were conducted as necessary related to specific
questions or for literature cited in the articles found.
Medline search terms and strategy
Medline
1. *pneumococcal vaccines/administration & dosage, adverse effects, immunology,
therapeutic use 3482
2. Limit English humans 2016-2019 [18/3/19]
3. 10-valent.mp 396
4. Limit English humans 2016-2019 [18/3/19] 127
5. 2+4 = 87
6. Schedule title, limit 392
7. 2+6 – 8, selected 4, removed 1 duplicate
Pneumococcal prevention and control 4
1. Pneumococcal polysaccharide vaccine.mp 1005
2. Limit 128 selected 47
Removed 101 duplicates, remainder 4

Did not select references referring to vaccine use developing countries.
Cochrane Library search terms and strategy
Title, abstract, keyword – pneumococcal vaccine
Jan 2016 –2019 reviews – 4 found, none selected as being relevant for this review.
Scopus
Title, abstract, keyword - pneumococcal AND vaccin*
Article or review
Published >2015-2018
Limited to medical, human and English language
AND Schedule
170 - selected 14
Added AND schedule AND ( "2+1" ) = 29 – selected 2
Grey literature
For any grey literature used, such as conference abstracts, an equivalent peer-reviewed
article was sought.
Additional searches
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Where questions arose, additional searches were undertaken to ensure there was no further
available data. Where articles were missing, they were accessed and added to the library. All
duplicates were removed from the final library.
Final Endnote Library 320 articles and reference sources
Where systematic reviews and/or meta-analysis were available the preceding literature has
been excluded from the review, unless the reviewed literature was accessed to provide
further details. A total of 298 journal articles were included. The remainder were
government guidelines, epidemiology surveillance reports, data sheets or official websites.
7.4.2 Study designs
The studies included in this update are meta-analysis, systematic reviews, reviews,
randomised controlled trials, case-control studies, case reports and observational studies
using database matching.
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