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Summary
Background In Aotearoa New Zealand (NZ) PCV7 was introduced in 2008, then PCV10 in 2011 and PCV13 in 2014.
In 2017 PCV10 was re-introduced, replacing PCV13. In the present study, we investigate the resultant rapidly
changing invasive pneumococcal disease (IPD) epidemiology.

Methods We compare the IPD incidence rate ratio (IRR) in NZ (2022 versus 2020) with other countries, and describe
the IPD epidemiology (including trends in overall IPD and serotype 19A, and antimicrobial resistance) within NZ.
Additionally, we performed a genomic-epidemiology investigation identifying the most common 19A sequence types
and associated risk factors.

Findings Though IPD incidence rates have increased in the US and Australia (2021–22) after declines in 2020, in NZ
the incidence rate is the highest since 2011 with a significantly higher IRR than US (p < 0.01). Incidence rates among
children <2 and adults 65 or over in 2022 are the highest since 2009, driven by significant increases of serotype 19A
(p = 0.01). Māori and Pacific peoples are experiencing the highest rates since 2009. Further, penicillin resistance
among 19A isolates has increased from 39% (2012) to 84% (2021) (p = 0.02). Genomic sequencing identified the
more virulent ST-2062 as most common among 19A isolates sequenced, increasing from 5% (2010) to 55% (2022).

Interpretation With very high incidence rates of IPD in NZ, inadequate protection against 19A, increasing resistance,
and a more virulent 19A clade, targeted public health campaigns and increased PCV13 availability are needed.

Funding The NZ Ministry of Health funds IPD surveillance and typing in NZ.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Pneumococcal disease; Serotype replacement; PCV; Antimicrobial resistance
Introduction
Though global vaccine programs have reduced mortality
due to Streptococcus pneumoniae, invasive pneumococcal
disease (IPD) is still responsible for nearly 300,000
deaths in children under 5 years annually.1 Some pop-
ulations, particularly infants, elderly, and immuno-
compromised people are at higher risk for IPD, as well
as specific ethnicities and indigenous populations.2
*Corresponding author. 362 Leith Street, Dunedin North, Dunedin, 9016, N
E-mail address: andrew.anglemyer@esr.cri.nz (A. Anglemyer).
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National immunization programs (NIPs) introduced
the pneumococcal conjugate vaccine (PCV) in the early
2000s, initially covering 7 different serotypes (7-valent
PCV7, Prevnar, Pfizer), followed by a 10-valent PCV
(PCV10, Synflorix, GSK). A 13-valent PCV (PCV13,
Prevnar 13, Pfizer) became available globally later; in
mid-2023 a 20-valent PCV (Prevnar 20, Pfizer) became
the latest PCV available for NIPs. Importantly, serotype
ew Zealand.
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Research in context

Evidence before this study
Recent research has found an increase in invasive
pneumococcal disease in recent years (2021–22) though the
increases are varied between countries and appear to begin to
occur in late 2021 or 2022. Additionally, we identified a few
countries (Morocco 2012, Belgium 2017, New Zealand 2017,
and El Salvador 2018) that switched from PCV13 to PCV10 in
their Nation Immunization Programs (NIP). We found few
comprehensive investigations of serotype 19A emerging as a
replacement serotype, including genomic-epidemiology
investigations of 19A sequence types, after switching from
PCV13 to PCV10 in a NIP. This is likely due to the small
number of countries that have shifted from PCV13 to PCV10.
Indeed, El Salvador switched back to PCV13 2 years after
PCV10 was re-introduced (2020), though serotyping since
2018 was not routinely done due to a lack of reagents so
investigations into serotype trends were limited. Incidence of
IPD due to serotype 19A has remained relatively low in
Morocco before and after PCV13 was replaced with PCV10,
though investigations into the impact of PCVs in Morocco
have not typically differentiated between PCV10 and PCV13.
In Belgium, researchers have previously reported significant
increases in IPD due to 19A among children under 2 after
switching from PCV13 to PCV10; their NIP switched back to
PCV13 in 2020. Additionally, investigations in Belgium
identified two predominant 19A clones, ST416 and ST994,
that emerged after PCV10 was introduced.

Added value of this study
The current study addresses these absences in the literature
by presenting evidence of an increase in invasive
pneumococcal disease incidence in NZ which began at the
onset of 2020, an increase that was earlier and greater than
experienced in other countries. The relative burden of disease
due to serotype 19A in NZ over the last 3 years is greater than
observed globally previously, yielding the highest known
invasive pneumococcal disease incidence rate for children <2
in the world in 2022. We provide strong evidence of 19A
acting as a dominant replacement serotype after PCV13 was
replaced with PCV10 in 2017. Further, we identified a unique
genomic driver of 19A incidence in NZ–sequence type 2062, a
sequence type not previously identified as very common in
populations with surging 19A incidence rates.

Implications of all the available evidence
Active surveillance of invasive pneumococcal disease,
particularly in countries with frequently changing NIPs, is vital
in understanding the changing epidemiology. Further, the
epidemiology of invasive pneumococcal disease in a country
should be thoroughly considered before making substantial
changes to NIPs. Researchers and policy makers should, when
possible, utilize high-quality population-based surveillance
data and analytical techniques to help inform decisions about
changes to the immunization schedule and identify evidence
of serotype replacement. These data can then not only help
identify predictors of unique sequence types of dominant
serotypes, but also help other countries make informed
decisions with the best available data.

Articles
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19A, included in PCV13 and PCV20 but not in PCV10,
has emerged as a particularly dominant serotype,
necessitating countries to re-evaluate their unique IPD
epidemiology to ensure adequate coverage.3

In Aotearoa New Zealand (NZ) PCV7 was first
introduced in 2008, followed by PCV10 in 2011 and
PCV13 in 2014. However, in 2017 PCV10 was re-
introduced in the NIP initially with a 3 + 1 schedule
and then 2 + 1 from July 2020.4 We published our early
concerns regarding increasing 19A incidence in 2020, in
part because the percentage of PCV10-vaccine prevent-
able cases that were 19A (assuming cross-protection
from 19F in PCV10) increased from 45% to 80% since
PCV10’s re-introduction.5 Similar trends were found in
other countries who used PCV10 in their NIP.3,6 In
December 2022 the Pharmaceutical Management
Agency, PHARMAC (the NZ Crown entity governing
which vaccines are funded and on the vaccine schedule)
announced a change back to PCV13 with a 2 + 1
schedule,7 but only for newborns without a catch-up
immunization program.

In the first 2 years after the emergence of COVID-19
(2020–2021), a noted sustained decrease in IPD
incidence was observed across 30 countries, though an
increase in IPD has been observed in some of those
countries toward the end of 2021.8 Australia and NZ had
very early, strict public health measures against SARS-
CoV2, in particular border closures from 2020–21,9

potentially making the countries more vulnerable to an
immunity debt.10 However, with similar COVID-19 elim-
ination strategies, but different NIPs (PCV10 in NZ and
PCV13 in Australia), NZ has experienced a consistently,
significantly higher incidence of IPD than Australia.11

In the present study, we aim to highlight the
importance of an NIP to monitor for serotype replace-
ment and changing epidemiology by describing the
emerging IPD risks within NZ, with a focus on
disproportionate risks between subgroups. Further, we
aim to compare the recent overall IPD incidence rates
between NZ and other countries. Additionally, we aim
to describe the rapidly changing serotype diversity and
investigate how 19A has emerged as a dominant
replacement serotype in the absence of protection.
Lastly, we aim to perform a genomic-epidemiology
investigation identifying the most common 19A
sequence types and their risk factors.
www.thelancet.com Vol 46 May, 2024
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Methods
Study design and participants
In this population-based active surveillance cohort study,
we assembled national-level IPD notification data reported
from 2009 to 2022 to EpiSurv, the national notifiable
disease database operated by the Institute of Environ-
mental Science and Research (ESR); population estimates
were collected from StatsNZ,12 New Zealand’s official data
agency. Additionally, we collated vaccine history among
cases <5 years of age using the National Immunisation
Register.13 All laboratory confirmed IPD cases in NZ since
2009 that met the case definition were included in this
analysis. The case definition used by the NZ Ministry of
Health states that IPD is confirmed with a detection of
Streptococcus pneumoniae in a normally sterile site (e.g.,
meninges, cerebrospinal fluid, blood, pleural fluid, or
joints); this would not include otitis media or sinusitis, for
example. This study has ethics exemption as this analysis
pertains to ongoing, active national-level surveillance ac-
tivities of notifiable diseases within NZ. We followed the
STROBE Statement in reporting our findings.

Procedures
For comparison with NZ incidence rates, publicly
available IPD count data were assembled from reported
incidence counts from US14 and Australia,15 and after
linking to population estimates16,17 we calculated inci-
dence rates. Notified cases of IPD in NZ had serotyping
performed at ESR’s Invasive Pathogens Laboratory, and
antimicrobial resistance (AMR) analyses were per-
formed by ESR’s Antibiotic Reference Laboratory. The
EUCAST meningitis breakpoints were used to deter-
mine whether an isolate was resistant to penicillin.

Additionally, we performed whole genome
sequencing (WGS) on a random selection of 19A isolates
(Supplemental Table A1), selected by collection month,
age group (<2, 2–4, 5–64, and 65+ years), and region
(based on the submitting laboratory) from 2009 to 2022.
Selection ensured that at least one isolate was selected for
each combination. Additional details regarding methods
for genome sequencing and analysis can be found in the
Appendix. Genome assemblies were used to determine
seven gene multi-locus sequence type (MLST)18 and
penicillin-binding-protein type.19 Short-read sequencing
data generated in this project are available at SRA, project
number (PRJNA1100228). Assemblies available at
PubMLST. Details of all genomes used in this study can
be found in Supplemental Table A2.

Statistical analysis
Annual incidence rates were calculated using the counts
of cases that meet the case definition in a given calendar
year divided by the census population estimates for that
calendar year. To obtain exact 95% confidence intervals
(CI) we assumed counts came from a Poisson distribu-
tion. Incidence rate ratios (IRR) were calculated
comparing the incidence rates in 2022 (the last year
www.thelancet.com Vol 46 May, 2024
PCV10 was used) versus 2017 (the year PCV10 was first
re-introduced). To compare trends in IPD incidence since
COVID-19 emergence (2020) between countries, we also
calculated IRRs for each country comparing 2022 and
2020 incidence rates. We compared the IRRs between
countries, and incidence rates between individual sub-
groups within a year, using tests for interaction.20

To evaluate the trends in serotype diversity, we
employed two approaches: firstly, we evaluated the
relative frequencies of PCV-specific serotypes over time;
secondly, for each age group each year, we calculated
Simpson’s Diversity Index (SDI)21 and associated 95%
CI.22 The SDI considers the relative richness and even-
ness of each serotype in a population and ranges from
0 (no diversity) to 1 (infinite diversity).23 Estimating SDI
in children <2 and adults 65 years or older during
various PCV eras can show the perturbation in pneu-
mococcal populations, potentially resulting from
changes in the NIPs. We evaluated the percentage of
19A isolates that were penicillin resistant and the per-
centage of all isolates that were 19A since 2012 with
simple beta regression models.

To determine the odds of having any identified
dominant sequence type of 19A among demographics,
we performed a logistic regression. The covariates
considered included age (<5, 5–49, 50–64, 65+ years), sex,
prioritized ethnicity (European/Middle Eastern/Latin
American/African, Māori, Pacific Peoples, Asian), and
region (Northern Region/Auckland and Rest of NZ). A
purposeful selection of covariates was used to develop
initial multiple regression models.24 Full models were
populated with all significant predictors (p < 0.1) from the
univariate models and backwards elimination using
Akaike’s Information Criterion was used to help select
the final model. We calculated adjusted odds ratios (aOR)
and their respective 95% CI for each included covariate in
the multivariable model. We compared the null model
and preliminary models to the final model using likeli-
hood ratio tests to determine if the residual deviance was
significantly improved in the final model. All statistical
analyses were performed using R (version 4.0.2, R
Foundation for Statistical Computing, Vienna, Austria).

Role of the funding source
This research received no specific funding, though IPD
surveillance and typing in New Zealand is supported by
funds from the New Zealand Ministry of Health. The
Ministry of Health is not involved in the analysis,
interpretation, design, or any aspect of this study. No
author has been paid to write this manuscript.
Results
Trends in overall IPD incidence rate: NZ and other
select countries
In 2022, the overall IPD incidence rate in Australia
increased and is only about 10% lower than 2019
3
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(pre-COVID emergence) (Fig. 1). Similarly, the overall
IPD incidence rate in the US has increased, but is still
about 30% lower than 2019. However, in NZ the IPD
incidence rate in 2022 was 25% higher than 2019 and
was the highest since 2011. The IRR comparing IPD
incidence rates in 2022 to 2020 in NZ (IRR = 1.80; 95%
CI 1.58–2.05) was significantly higher than the IRR for
US (IRR = 1.15; 95% CI 1.12–1.18) (p < 0.01), though
not significantly different than the IRR for Australia
(IRR = 1.69; 95% 1.57–1.82) (p = 0.41).

IPD epidemiologic trends in NZ
The annual incidence rate of IPD was the highest
among 65 years of age and over, followed by children <2
years of age from 2017 to 2019 (Fig. 2a and
Supplemental Table A3). However, in 2020 the inci-
dence rate among children <2 exceeded the rate for 65
years of age and over for the first time since 2009 (18.3
and 16.8 cases per 100,000, respectively). Further, the
highest age-specific rates since 2017 have been among
children <2 (35.7 and 51.5 cases per 100,000 in 2021 and
2022, respectively). Males have consistently had higher
incidence rates of IPD than females since 2017, with
significantly higher rates (13.8 cases per 100,000) than
females (11.0 cases per 100,000) in 2022 (p < 0.01).
Similarly, Pacific peoples have consistently had the
highest incidence rates of IPD among all ethnic groups
since 2017, reaching a high of 31.9 cases per 100,000 in
2022, significantly higher than all other ethnic groups in
2022 (p < 0.05 for all comparisons) (Fig. 2b and
Supplemental Table A3). Māori also experienced their
highest incidence rate since 2009 in 2022 (24.5 cases per
100,000).
Fig. 1: Overall IPD incidence rate per 100k
Rapidly changing epidemiology of IPD in NZ during
PCV10 Re-introduction era, 2017–2022
The overall IPD incidence rate in 2022 (the last year of
PCV10 in NIP) was significantly higher than in 2017
(the first year PCV10 was re-introduced in NIP)
(IRR = 1.12; 95% CI 1.00–1.26) (Supplemental
Table A4). Children under 2 and 2–4 year-olds experi-
enced the biggest increases in IPD incidence rates,
which were significantly higher when compared to 2017
(IRR = 2.63; 95% CI 1.65–4.33, and IRR = 1.95; 95% CI
1.18–3.32, respectively). Additionally, the IPD incidence
rate among Māori in 2022 was significantly higher than
in 2017 (IRR = 1.34; 95% CI 1.08–1.66), while incidence
rates for European/Other and Asian ethnicity did not
significantly change. Lastly, the IPD incidence rate
among males in 2022 was significantly higher than in
2017 (IRR = 1.18; 95% CI 1.01–1.39).

PCV switches in New Zealand’s NIP and the effect
on serotype replacement and distribution
The NIP in NZ has had multiple PCVs with varying
coverage of vaccine-preventable serotypes (using
PCV20, the licensed PCV with the broadest serotype
coverage, as reference) since 2008 (Fig. 3). During the
PCV13 era (2014–17), the percentage of vaccine-
preventable serotypes covered by the NIP was the
highest. As PCV10 was re-introduced as the primary
PCV available in 2017 in the NIP, the universally com-
mon serotype 19A has emerged as a dominant
replacement serotype in the absence of protection from
the NIP. In fact, other than 19A, few IPD cases of
PCV13-preventable serotypes have been observed
among children <2 since 2017 (n = 24) (Fig. 3). Serotype
for US, Australia, and NZ, 2009–22.

www.thelancet.com Vol 46 May, 2024
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Fig. 2: a and b: incidence rates of IPD by age group and ethnicity in NZ, 2009–2022.

Articles
19A accounted for 33% of all IPD cases in 2022 among
all ages, significantly increasing from 18% in 2014
(p = 0.03) (Supplemental Figure A1). Among children
<5 since 2014, the proportion of IPD cases that were
19A has significantly increased from 31% to 59% in
2022 (p = 0.03) (Supplemental Figure A1 and
Supplemental Table A5). Importantly, few IPD cases of
PCV7-specific (n = 4) or PCV10-specific serotypes (n = 3)
have been observed among children <5 since PCV10
Fig. 3: Changes in PCV programme, serotype coverage, and subsequen
2009–2022.

www.thelancet.com Vol 46 May, 2024
was first re-introduced in 2017 (Supplemental
Table A5), underscoring PCV10’s direct effectiveness
at prevention of IPD due to PCV10-specific serotypes.

Effect of PCV changes on serotype diversity:
contrasts between NZ and Australia
The SDI for adults in NZ had remained stable over time,
though has decreased since 2017, reaching its lowest
point in 2022 (0.88; 95% CI 0.83–0.93) since IPD
t serotype distribution among children under 2 in New Zealand,

5
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became notifiable in 2008 (Fig. 4a). In contrast, though
the SDI for adults in Australia has remained stable over
time, it increased from approximately 0.92 at the end of
the PCV7 era to approximately 0.95 in 2015–16 (Fig. 4b).
Similarly, the SDI for children <2 in Australia increased
rapidly from 0.65 in the last year of the PCV7 era (2011)
to 0.90–0.95 from 2012 to 2022. The SDI for children <2
in NZ has been volatile over time due to the changing
PCVs available at different times. The SDI was approx-
imately 0.80–0.85 in the PCV13 era (2014–2017), and
peaked in 2017–18 at approximately 0.92. Since 2018,
the SDI has decreased, reaching a low in 2022 (0.48;
95% CI 0.30–0.62).

IPD notifications among PCV-eligible children:
immunization status and serotype 19A
breakthrough cases
Since 2019, at least 85% of annual IPD cases in PCV-
eligible children (born from January 1, 2008) had
received at least one vaccination, though the PCV
received was dependent on the PCV era in the NIP
when they were vaccinated. From 2017 to 2022, the era
of PCV10 re-introduction in the NIP, 145 PCV-eligible
children were diagnosed with IPD due to 19A. Of
these children, 5 (3.4%) were unvaccinated and 5 (3.4%)
were breakthrough cases, vaccinated with PCV13 alone.
In 2021, there were 75 PCV-eligible children who had
been vaccinated and diagnosed with IPD. Of these 75,
52% (n = 39) of isolates would have been covered by
PCV13 vaccine, of which 92% (n = 36) were 19A (n = 2
of the 36 were PCV13 breakthrough cases). In 2022,
there were 99 PCV-eligible children who had been
vaccinated and diagnosed with IPD. Of these 99, 61%
Fig. 4: a and b: Simpson’s diversity index in serotype distribution over tim
2009–2022. Note: Error bars displayed are 95% confidence intervals.
(n = 60) were PCV13 vaccine preventable, of which 92%
(n = 55) were 19A (no PCV13 breakthrough cases).

Antimicrobial resistance and WGS of serotype 19A
isolates in NZ
Penicillin resistance in invasive pneumococci has
increased since 2012, driven by a significant increase in
the prevalence of penicillin resistance among 19A IPD
isolates (p = 0.02), increasing from 38.8% in 2012 (based
on CLSI meningitis cut-off) to 84.1% in 2021 (based on
EUCASTmeningitis cut-off, Supplemental Figure A2). All
but one of the penicillin-resistant serotype 19A isolates
were also resistant to co-trimoxazole. Additional details on
antimicrobial resistance among invasive pneumococci can
be found in Supplemental Tables A6 and A7.

WGS analysis of 19A isolates found ST-2062 as the
most common sequence type from 2016 to 2022. The
relative percentage of ST-2062 among 19A isolates has
increased from approximately 5% in sequenced 2010
isolates, to the most common sequence beginning in
2016 (Fig. 5a). Of the 110 NZ ST-2062 19A isolates
sequenced, susceptibility data were available for 80 iso-
lates, and all were resistant to penicillin (CLSI menin-
gitis breakpoint before 2016, and EUCAST meningitis
breakpoint after 2016). Nineteen of the sequenced iso-
lates belonged to the highly resistant lineage ST-320,25

though only 7% of sequenced 2016–2022 isolates.
To understand how NZ ST-2062 isolates are related

to international ST-2062 pneumococci, we constructed
core SNP based maximum-likelihood phylogeny of NZ
ST-2062 from this study and international ST-2062
genomes. Of the 233 international ST-2062 genomes
available, 213 were from South Africa. We found the
e among children <2 and adults 65+ in New Zealand and Australia,

www.thelancet.com Vol 46 May, 2024
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Fig. 5: a and b Genomic sequencing of serotype 19A in Aotearoa New Zealand over time, 2007–2022. a) The number of different MLST in 19A
isolates from 2007 to 2022 showing the predominance of ST-2062 (yellow) from 2017 to 2022. b) Phylogenetic analysis of NZ and inter-
national ST-2062 isolates. All NZ ST-2062 (Ring1, green) isolates can be divided into two subclades, highlighted in green, within C3. There are
fewer carriage isolates (Ring2) within C3 when compared to C2 and C1. Both NZ sub-lineages within C3 are still circulating in NZ. There is no
obvious clustering of isolates based on year collected (Ring3).

Articles
ST-2062 lineage can be divided into three well-
supported (bootstrap value > 90) clades, C1 (49 ge-
nomes), C2 (65 genomes) and C3 (208 genomes,
Fig. 5b) with all NZ isolates belonging to C3. Interest-
ingly, of the 60 known carriage (marked as nasopharynx
in PubMLST) derived isolates in this dataset, most were
located in C1 (30/60), in contrast only 12/60 carriage
isolates were located in C3. This may suggest the C3
lineage is possibly more likely to be associated with
invasive disease (Fig. 5b). NZ ST-2062 isolates were
grouped into two subclades within C3 suggesting there
were at least two introduction events into NZ.

We found only age and geography, among covariates
considered, to be significantly associated with having
ST-2062 among 19A IPD cases (Supplemental
Table A8). Specifically, in the final multivariable
model, which had significantly improved residual devi-
ance when compared to all other models, 19A cases
living in the Northern region (including Northland and
the Auckland area) were found to have significantly
higher odds of having ST-2062 than 19A cases living in
other regions in NZ, adjusting for age (aOR = 2.49; 95%
CI 1.31–4.79); 19A cases 5 years of age and older all had
significantly lower odds of having ST-2062 than children
under 5, adjusting for region (5–49 years: aOR = 0.33;
95% CI 0.13–0.82, 50–64 years: aOR = 0.38; 95% CI
0.15–0.93, 65+ years: aOR = 0.25; 95% CI 0.11–0.54).
Discussion
This surge in IPD in NZ, explained largely by 19A,
underscores the impact an NIP that provides inadequate
serotype coverage can have on disease burden. Impor-
tantly, these changes in risk could occur with any
change to PCVs within an NIP. The epidemiology of
www.thelancet.com Vol 46 May, 2024
IPD within a country at the time of the PCV change,
coupled with the possibility that immunogenicity may
be different with higher valency vaccines, may provide
an environment for serotype replacement. Though
serotype replacement may occur no matter what PCV
vaccine is used, there is limited global evidence that 19A
elicits cross-protection from PCV7 and PCV1026 and has
proven itself persistent in terms of carriage and disease
after PCV7 and PCV10 introduction.27 Dramatic in-
creases in a predominant serotype in such a short
amount of time are rarely observed in countries with a
robust NIP, and may have been prevented with a PCV
which includes coverage of 19A.

Though NIPs often result in vaccine serotypes
declining due to herd immunity and vaccination, and
non-vaccine serotypes grow due to serotype replace-
ment, in NZ we have not observed an increase in any
non-vaccine serotype except for 19A. The epidemiology
of IPD in NZ has rapidly changed over the last 3–5
years, driven primarily by replacement serotype 19A,
which has led to historically high incidence of IPD
across all age groups. In fact, with an incidence rate of
over 50 cases per 100,000 children <2 in 2022, we are
unaware of any other high-income country with a higher
burden of disease currently.

Serotype diversity has been unstable due to a NIP
that has fluctuating coverage of serotypes in the com-
munity (5 changes in 12 years, increasing and
decreasing serotype coverage and dosing), with the
lowest diversity observed in 2022 for both <2 and 65
years or older in NZ. The SDI for children <2 in NZ in
2022 (0.48; 95% CI 0.30–0.62) is much lower than the
lowest SDI for children in other high income countries
since the early 2000s (∼0.70; 95% CI 0.65–0.75 in US in
2010).23 Low and decreasing SDI in children and older
7
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adults suggest few serotypes are causing most of the
disease, due to the dominance of 19A. The indirect
impact of the NIP on 65 years or older in NZ is espe-
cially important as there is no funded pneumococcal
vaccine program in NZ for this age group. We note that
the increase in IPD incidence rates in 2021–22 among
65 years or older in NZ was somewhat attenuated when
compared to the rates in children <2, and these in-
creases occurred after years of declining IPD rates from
2018 to 2020. We expect to continue to see increasing
IPD incidence rates among 65 years or older in NZ from
2022 as indirect immunity effects of PCV10 in the
younger population in previous years will be delayed.

The emergence of COVID-19 had an immediate
impact on IPD incidence globally in 2020, though some
countries reported increasing incidence by the end of
2021.8 In the present study we also observed an increase
in IPD incidence rates in the US and Australia since
2020, though the increase in IPD incidence rates in NZ is
unprecedented in the PCV era. In fact, while the overall
IPD incidence rate decreased in 2020 in NZ, the decrease
was attenuated in children <2 because the rate of 19A in
this age group concurrently increased. Indeed, in the
present study we found the overall IPD incidence rate in
NZ in 2022 to be higher than in US and Australia.
Importantly, as both Australia and NZ had very similar
COVID-19 elimination and mitigation strategies from
2020 to 2021, the observed differences in IPD risk may be
partially attributable to differing NIPs at the time. In fact,
the IRR comparing IPD incidence rates in 2022 to 2020
in NZ for all ages was not significantly different than the
IRR for Australia, suggesting the relative changes in IPD
rates in 2022 compared to 2020 in both Australia and NZ
were similar.

Further indication that the recent IPD experience in
NZ is globally unique, typically rare severe clinical out-
comes including Streptococcus pneumoniae-associated
hemolytic uremic syndrome (spHUS) have increased.28

A recent analysis identified at least 19 IPD patients
under 5 years of age with spHUS 2020–22 in NZ (all
with 19A), while only nine cumulative cases were
identified in the previous 20 years. Three-quarters were
<2 years of age, and nearly 60% were Māori.

The overrepresentation of infectious diseases among
indigenous and minority populations is a phenomenon
that has been observed worldwide.29 However, differ-
ences in immunization rates alone cannot explain the
higher relative increase of IPD among Māori and Pacific
populations. More likely, the disproportionate effects of
IPD are better accounted for by long standing inequities
in socioeconomic determinants of health including, but
not limited to housing conditions, and access to care.30

Addressing these inequities should remain a focus
area of health policy and considered with any proposed
changes to an NIP.

WGS analyses identified a growing proportion of
19A isolates that are ST-2062, accounting for 52% of
19A cases in 2022. This is important to note as ST-2062
is known to cause more illness among 19A carriers.31

Further, our phylogenetic analysis shows that all
sequenced NZ ST-2062 isolates were located within a
ST-2062 lineage that is maybe associated with invasive
disease (Fig. 5b); within this lineage, NZ isolates are in
two subclades suggesting clonal expansion within NZ
following two importation events.

The association of NZ invasive isolates with C3 could
be due to founders effect, without NZ carriage ST-2062
isolates we cannot determine if the NZ lineages are
more invasive. Resistance among 19A isolates in NZ
continues to grow, with nearly 90% of 19A isolates
penicillin resistant–this may be due to the recent
expansion of the ST-2062 strain in NZ. A rapid increase
in 19A incidence was observed in Belgium after
switching to PCV10 for 2 years, though their most
common sequence type was ST-416 (47.6%), with less
resistance and not observed among any of our
sequenced 19A isolates.32 All NZ ST-2062 isolates
sequenced were resistant to penicillin and have beta-
lactam resistant alleles for penicillin-binding-protein
(pbp) 1a, 2b and 2×.33 Other highly resistant lineages,
such as ST-320, are present, but less common in NZ.

Though PCV13 for newborns has been re-introduced
in NZ, carriage of 19A is likely still quite common in the
community and IPD rates among older children and
adults will likely remain elevated until PCV13 is made
available to more children. In addition, immunization
rates in NZ have been declining since 2015 with
increasing disparities between Māori (range
86.6–91.6%)34 and Europeans. Therefore, the added
impact of falling immunization rates on IPD incidence
may not be fully realized in NZ yet. As PCV10 was part of
the NIP through 2022, even if immunization rates were
very high, there would likely be little impact on IPD
incidence in children as very few IPD cases of PCV10-
specific serotypes have been observed in children since
2017. Moreover, of 19A cases among PCV-eligible chil-
dren diagnosed in 2022, 87% were vaccinated for age (all
with PCV10 and none with PCV13 alone).

Our study has benefited from a surveillance system
that captures all known IPD cases and identifies the se-
rotypes of nearly all isolates. Further, the emergence of a
dominant serotype 19A and the changing epidemiology
in NZ offers compelling evidence for a stable immuni-
zation program that critically considers the changing
epidemiology of IPD and the important role of WGS in
understanding the sources of circulating, particularly
virulent and penicillin-resistant Streptococcus pneumoniae
strains. However, while our surveillance system was able
to promptly identify increasing IPD incidence, we are
unable to determine if there was a similar increase in
non-invasive pneumococcal disease in the community.
Additionally, another limitation of the present study is
that the SDI does not account for changes to the schedule
of PCV doses or changes in immunization rates.
www.thelancet.com Vol 46 May, 2024

http://www.thelancet.com


Articles
Contributors
A Anglemyer conceptualized and implemented the overall study design,
implemented the epidemiologic methods, lead interpretation of ana-
lyses, and drafted the manuscript.

X Ren conceptualized and implemented the whole genome
sequencing analysis, implemented the WGS methods, lead interpreta-
tion of the WGS analyses, and assisted in drafting the manuscript.

C Gilkison contributed to the conceptual and technical support early
in the study design phase of the project, and provided epidemiologic and
writing support on the manuscript.

Z Kumbaroff provided epidemiologic and writing support on the
manuscript.

J Morgan provided technical expertise in laboratory methods and
provided serotypes of isolates and writing support on the manuscript.

K DuBray provided clinical expertise in pediatric pneumococcal
disease, interpretation of analyses, and writing support on the
manuscript.

A Tiong was the overall technical laboratory lead and oversaw the
serotyping and WGS methods, and provided support in writing of the
manuscript.

A Reingold provided overall expertise and guidance in the imple-
mentation of an epidemiologic study of pneumococcal disease, and
provided support in writing of the manuscript.

T Walls provided clinical expertise in pediatric pneumococcal dis-
ease, interpretation of analyses, and writing support on the manuscript.

Data sharing statement
The aggregate data underlying the study is presented in the Supple-
mentary material. Queries about data availability may be directed to:
survqueries@esr.cri.nz.

Declaration of interests
There are no declared conflicts of interest.

Acknowledgements
The authors are very grateful to Andrea McNeill and Niki Stefanogiannis
for their helpful review of this work.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.lanwpc.2024.101082.
References
1 Wahl B, O’Brien KL, Greenbaum A, et al. Burden of Streptococcus

pneumoniae and Haemophilus influenzae type b disease in chil-
dren in the era of conjugate vaccines: global, regional, and national
estimates for 2000–15. Lancet Glob Health. 2018;6(7):e744–e757.
https://doi.org/10.1016/S2214-109X(18)30247-X.

2 Meder KN, Jayasinghe S, Beard F, et al. Long-term impact of
pneumococcal conjugate vaccines on invasive disease and pneu-
monia hospitalizations in indigenous and non-indigenous Austra-
lians. Clin Infect Dis. 2020;70(12):2607–2615. https://doi.org/10.
1093/cid/ciz731.

3 Desmet S, Lagrou K, Wyndham-Thomas C, et al. Dynamic changes
in paediatric invasive pneumococcal disease after sequential
switches of conjugate vaccine in Belgium: a national retrospective
observational study. Lancet Infect Dis. 2021;21(1):127–136. https://
doi.org/10.1016/S1473-3099(20)30173-0.

4 New Zealand Ministry of Health. Immunisation handbook. Ministry
of Health; 2020. https://www.health.govt.nz/our-work/immun
isation-handbook-2020/16-pneumococcal-disease.

5 Anglemyer A, McNeill A, DuBray K, Sonder GJB, Walls T. Invasive
pneumococcal disease: concerning trends in serotype 19A notifi-
cations in New Zealand. Clin Infect Dis. 2021;4:ciab766. https://doi.
org/10.1093/cid/ciab766.

6 Severiche-Bueno DF, Severiche-Bueno DF, Bastidas A, et al.
Burden of invasive pneumococcal disease (IPD) over a 10-year
period in Bogotá, Colombia. Int J Infect Dis. 2021;105:32–39.
https://doi.org/10.1016/j.ijid.2021.02.031.

7 Healthify. He Puna Waiora. Pneumococcal vaccine. https://www.
healthnavigator.org.nz/medicines/p/pneumococcal-vaccine/.
www.thelancet.com Vol 46 May, 2024
8 Shaw D, Abad R, Amin-Chowdhury Z, et al. Trends in invasive
bacterial diseases during the first 2 years of the COVID-19 pandemic:
analyses of prospective surveillance data from 30 countries and ter-
ritories in the IRIS Consortium. Lancet Digit Health. 2023;5(9):e582–
e593. https://doi.org/10.1016/S2589-7500(23)00108-5.

9 Hale T, Angrist N, Goldszmidt R, et al. A global panel database of
pandemic policies (Oxford COVID-19 Government Response
Tracker). Nat Hum Behav. 2021;5(4):529–538. https://doi.org/10.
1038/s41562-021-01079-8.

10 Hatter L, Eathorne A, Hills T, Bruce P, Beasley R. Respiratory
syncytial virus: paying the immunity debt with interest. Lancet Child
Adolesc Health. 2021;5(12):e44–e45. https://doi.org/10.1016/S2352-
4642(21)00333-3.

11 Hagedoorn NN, Anglemyer A, Gilkison C, Hartley M, Walls T.
Comparison of the epidemiology of invasive pneumococcal disease
between Australia and New Zealand in 2017–2021: an observational
study based on surveillance data. Lancet Reg Health West Pac.
2023;36:100764. https://doi.org/10.1016/j.lanwpc.2023.100764.

12 StatsNZ. Population. Statistics NZ; 2023. https://www.stats.govt.nz/
topics/population.

13 Te Whatu Ora. Health New Zealand. National immunisation register.
https://www.tewhatuora.govt.nz/for-the-health-sector/vaccine-informati
on/national-immunisation-registers/national-immunisation-register/.

14 Centers for Disease Control and Prevention. National notifiable
diseases surveillance system (NNDSS): weekly cases of notifiable
diseases, United States, US territories, and non-US residents.
https://stacks.cdc.gov/cbrowse?pid=cdc%3A49375&parentId=cdc%
3A49375.

15 Department of Health and Aged Care, Australian Government.
National notifiable diseases surveillance system (NNDSS) public
dataset-pneumococcal disease (Invasive). https://www.health.gov.
au/resources/publications/national-notifiable-diseases-surveillance-
system-nndss-public-dataset-pneumococcal-disease-invasive.

16 Australian Bureau of Statistics. Snapshot of Australia. Australia
Bureau of Statistics; 2024. https://www.abs.gov.au/statistics/
people/people-and-communities/snapshot-australia/2021#data-down
load.

17 US Census Bureau. National Population by characteristics. US census
bureau. census.gov; 2024.

18 Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial population
genomics: BIGSdb software, the PubMLST.org website and their
applications. Wellcome Open Res. 2018;3:124. https://doi.org/10.
12688/wellcomeopenres.14826.1.

19 Feldgarden M, Brover V, Gonzalez-Escalona N, et al. AMRFinder-
Plus and the reference gene catalog facilitate examination of the
genomic links among antimicrobial resistance, stress response, and
virulence. Sci Rep. 2021;11(1):12728. https://doi.org/10.1038/
s41598-021-91456-0.

20 Altman DG. Statistics notes: interaction revisited: the difference
between two estimates. BMJ. 2003;326(7382):219. https://doi.org/
10.1136/bmj.326.7382.219.

21 Simpson EH. Measurement of diversity. Nature. 1949;163:688.
22 Grundmann H, Hori S, Tanner G. Determining confidence in-

tervals when measuring genetic diversity and the discriminatory
abilities of typing methods for microorganisms. J Clin Microbiol.
2001;39(11):4190–4192. https://doi.org/10.1128/JCM.39.11.4190-
4192.2001.

23 Løchen A, Croucher NJ, Anderson RM. Divergent serotype
replacement trends and increasing diversity in pneumococcal dis-
ease in high income settings reduce the benefit of expanding vac-
cine valency. Sci Rep. 2020;10(1):18977. https://doi.org/10.1038/
s41598-020-75691-5.

24 Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful se-
lection of variables in logistic regression. Source Code Biol Med.
2008;3(1):17. https://doi.org/10.1186/1751-0473-3-17.

25 Moore MR, Gertz JrRE, Woodbury RL, et al. Population snapshot of
emergent Streptococcus pneumoniae serotype 19A in the United
States, 2005. J Infect Dis. 2008;197(7):1016–1027. https://doi.org/
10.1086/528996.

26 Savulescu C, Krizova P, Valentiner-Branth P, et al. Effectiveness of
10 and 13-valent pneumococcal conjugate vaccines against invasive
pneumococcal disease in European children: SpIDnet observational
multicentre study. Vaccine. 2022;40(29):3963–3974. https://doi.org/
10.1016/j.vaccine.2022.05.011.

27 Isturiz R, Sings HL, Hilton B, Arguedas A, Reinert RR, Jodar L.
Streptococcus pneumoniae serotype 19A: worldwide epidemiology.
Expert Rev Vaccines. 2017;16(10):1007–1027. https://doi.org/10.
1080/14760584.2017.1362339.
9

mailto:survqueries@esr.cri.nz
https://doi.org/10.1016/j.lanwpc.2024.101082
https://doi.org/10.1016/j.lanwpc.2024.101082
https://doi.org/10.1016/S2214-109X(18)30247-X
https://doi.org/10.1093/cid/ciz731
https://doi.org/10.1093/cid/ciz731
https://doi.org/10.1016/S1473-3099(20)30173-0
https://doi.org/10.1016/S1473-3099(20)30173-0
https://www.health.govt.nz/our-work/immunisation-handbook-2020/16-pneumococcal-disease
https://www.health.govt.nz/our-work/immunisation-handbook-2020/16-pneumococcal-disease
https://doi.org/10.1093/cid/ciab766
https://doi.org/10.1093/cid/ciab766
https://doi.org/10.1016/j.ijid.2021.02.031
https://www.healthnavigator.org.nz/medicines/p/pneumococcal-vaccine/
https://www.healthnavigator.org.nz/medicines/p/pneumococcal-vaccine/
https://doi.org/10.1016/S2589-7500(23)00108-5
https://doi.org/10.1038/s41562-021-01079-8
https://doi.org/10.1038/s41562-021-01079-8
https://doi.org/10.1016/S2352-4642(21)00333-3
https://doi.org/10.1016/S2352-4642(21)00333-3
https://doi.org/10.1016/j.lanwpc.2023.100764
https://www.stats.govt.nz/topics/population
https://www.stats.govt.nz/topics/population
https://www.tewhatuora.govt.nz/for-the-health-sector/vaccine-information/national-immunisation-registers/national-immunisation-register/
https://www.tewhatuora.govt.nz/for-the-health-sector/vaccine-information/national-immunisation-registers/national-immunisation-register/
https://stacks.cdc.gov/cbrowse?pid=cdc%3A49375&amp;parentId=cdc%3A49375
https://stacks.cdc.gov/cbrowse?pid=cdc%3A49375&amp;parentId=cdc%3A49375
https://www.health.gov.au/resources/publications/national-notifiable-diseases-surveillance-system-nndss-public-dataset-pneumococcal-disease-invasive
https://www.health.gov.au/resources/publications/national-notifiable-diseases-surveillance-system-nndss-public-dataset-pneumococcal-disease-invasive
https://www.health.gov.au/resources/publications/national-notifiable-diseases-surveillance-system-nndss-public-dataset-pneumococcal-disease-invasive
https://www.abs.gov.au/statistics/people/people-and-communities/snapshot-australia/2021#data-download
https://www.abs.gov.au/statistics/people/people-and-communities/snapshot-australia/2021#data-download
https://www.abs.gov.au/statistics/people/people-and-communities/snapshot-australia/2021#data-download
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref17
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref17
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.1038/s41598-021-91456-0
https://doi.org/10.1038/s41598-021-91456-0
https://doi.org/10.1136/bmj.326.7382.219
https://doi.org/10.1136/bmj.326.7382.219
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref21
https://doi.org/10.1128/JCM.39.11.4190-4192.2001
https://doi.org/10.1128/JCM.39.11.4190-4192.2001
https://doi.org/10.1038/s41598-020-75691-5
https://doi.org/10.1038/s41598-020-75691-5
https://doi.org/10.1186/1751-0473-3-17
https://doi.org/10.1086/528996
https://doi.org/10.1086/528996
https://doi.org/10.1016/j.vaccine.2022.05.011
https://doi.org/10.1016/j.vaccine.2022.05.011
https://doi.org/10.1080/14760584.2017.1362339
https://doi.org/10.1080/14760584.2017.1362339
http://www.thelancet.com


Articles

10
28 Best E. Dramatic increase in pneumococcal haemolytic uraemic
syndrome in New Zealand associated with rising invasive pneu-
mococcal disease driven by serotype 19A. Durban, South Africa. In:
Presented at: world society for pediatric infectious diseases; 2023.
https://wspid2023.com/wp-content/uploads/sites/16/2023/11/WSP
ID23-Abstract-book.pdf.

29 Dalcin D, Sieswerda L, Dubois S, Ulanova M. Epidemiology of
invasive pneumococcal disease in indigenous and non-indigenous
adults in northwestern Ontario, Canada, 2006–2015. BMC Infect
Dis. 2018;18(1):621. https://doi.org/10.1186/s12879-018-3531-9.

30 Baker MG, Barnard LT, Kvalsvig A, et al. Increasing incidence of
serious infectious diseases and inequalities in New Zealand: a na-
tional epidemiological study. Lancet. 2012;379(9821):1112–1119.
https://doi.org/10.1016/S0140-6736(11)61780-7.
31 Li T, Huang J, Yang S, et al. Pan-genome-wide association study of
serotype 19A pneumococci identifies disease-associated genes.
e4122 Microbiol Spectr. 2023;11(4):e040733. https://doi.org/10.
1128/spectrum.04073-22.

32 Desmet S, Theeten H, Laenen L, et al. Characterization of
emerging serotype 19A pneumococcal strains in invasive disease
and carriage, Belgium. Emerg Infect Dis. 2022;28(8):1606–1614.
https://doi.org/10.3201/eid2808.212440.

33 Zapun A, Contreras-Martel C, Vernet T. Penicillin-binding proteins
and β-lactam resistance. FEMS Microbiol Rev. 2008;32(2):361–385.

34 Ministry of Health, Te Whatu Ora. National and DHB immunisa-
tion data. https://www.health.govt.nz/our-work/preventative-
health-wellness/immunisation/immunisation-coverage/national-and-
dhb-immunisation-data; 2022.
www.thelancet.com Vol 46 May, 2024

https://wspid2023.com/wp-content/uploads/sites/16/2023/11/WSPID23-Abstract-book.pdf
https://wspid2023.com/wp-content/uploads/sites/16/2023/11/WSPID23-Abstract-book.pdf
https://doi.org/10.1186/s12879-018-3531-9
https://doi.org/10.1016/S0140-6736(11)61780-7
https://doi.org/10.1128/spectrum.04073-22
https://doi.org/10.1128/spectrum.04073-22
https://doi.org/10.3201/eid2808.212440
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref33
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref33
http://refhub.elsevier.com/S2666-6065(24)00076-2/sref33
https://www.health.govt.nz/our-work/preventative-health-wellness/immunisation/immunisation-coverage/national-and-dhb-immunisation-data
https://www.health.govt.nz/our-work/preventative-health-wellness/immunisation/immunisation-coverage/national-and-dhb-immunisation-data
https://www.health.govt.nz/our-work/preventative-health-wellness/immunisation/immunisation-coverage/national-and-dhb-immunisation-data
http://www.thelancet.com

	The impact of pneumococcal serotype replacement on the effectiveness of a national immunization program: a population-based ...
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Trends in overall IPD incidence rate: NZ and other select countries
	IPD epidemiologic trends in NZ
	Rapidly changing epidemiology of IPD in NZ during PCV10 Re-introduction era, 2017–2022
	PCV switches in New Zealand's NIP and the effect on serotype replacement and distribution
	Effect of PCV changes on serotype diversity: contrasts between NZ and Australia
	IPD notifications among PCV-eligible children: immunization status and serotype 19A breakthrough cases
	Antimicrobial resistance and WGS of serotype 19A isolates in NZ

	Discussion
	ContributorsA Anglemyer conceptualized and implemented the overall study design, implemented the epidemiologic methods, lea ...
	Data sharing statementThe aggregate data underlying the study is presented in the Supplementary material. Queries about dat ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References




