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Background. New vaccine products were recently authorized for protection against invasive pneumococcal disease (IPD) in
Canada. Our aim was to determine age- and serotype-specific trends in IPD incidence and severity in Canada’s largest province,
Ontario.

Methods. We included all confirmed IPD cases reported in Ontario and defined the pre-pneumococcal 13-valent conjugate
vaccine (PCV13) era (01/2007 to 12/2010), post-PCV13 era (01/2011 to 12/2019), and coronavirus disease 2019 (COVID-19)
pandemic era (01/2020 to 12/2022). We estimated incidence, hospitalization, and case fatality rate (CFR) by age. We grouped
IPD cases by vaccine-specific serotypes (PCV13; PCV15-non-PCV13; PCV20-non-PCV13; PCV20-non-PCV15; polysaccharide
23-valent vaccine-non-PCV20; and non-vaccine-preventable [NVP]). We then compared incidence rates by age and serotype
group in the pre- and post-PCV13 eras by calculating rate ratios (RRs) and their 95% Cls.

Results. Incidence and hospitalizations declined from the pre- to post-PCV13 era in children aged <5 years (RR, 0.7; 95% CI,
0.6-0.8; and RR, 0.8; 95% CI, 0.7-0.9, respectively), but the CFR increased (1.4% to 2.3%). Other age groups saw smaller declines or
more stable incidence rates across the years; hospitalizations increased in adults aged 50-64 years (RR, 1.2; 95% CI, 1.1-1.4) and >65
years (RR, 1.1; 95% CI, 1.0-1.1). For all ages, IPD cases and hospitalizations attributable to PCV13 serotypes declined, and those
attributable to PCV15-non-PCV13, PCV20-non-PCV13, and NVP serotypes increased. IPD incidence declined during the

COVID-19 era.
Conclusions.

IPD incidence and hospitalizations due to PCV13 serotypes decreased after PCV13 introduction but increased for

other serotypes. Continued surveillance is required to evaluate changes to pneumococcal vaccination programs and ongoing

changes to the distribution of IPD-causing serotypes.
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Invasive pneumococcal disease (IPD) is a serious acute illness
caused by Streptococcus pneumoniae that is associated with se-
vere morbidity and mortality worldwide [1, 2]. In 2016, S. pneu-
moniae led to almost 2 million episodes of illness worldwide
and more deaths than all other lower respiratory infection
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etiologies combined [3]. In Ontario, Canada’s largest province
of nearly 16 million residents [4], publicly funded pneumococ-
cal vaccine is routinely available for the age groups at highest
risk of IPD, children aged <2 years and adults aged >65 years
[5]. Individuals aged 2-64 years are also eligible for pneumo-
coccal vaccination if considered at high risk of IPD due to an
underlying medical condition [5].

The product and number of doses offered currently differ
between the pediatric and adult pneumococcal vaccination
programs in Ontario. For children <2 years, a 4-dose pneumo-
coccal 7-valent conjugate vaccine (PCV7) program was first
introduced in January 2005 [6]. PCV10, which protected
against 3 additional serotypes of S. pneumoniae, replaced
PCV7 in October 2009 [6]. In November 2010, PCV13, with
coverage against an additional 3 serotypes, was introduced,
and the number of recommended doses was reduced to 3 for
healthy children [6]. Catch-up doses are recommended for all

IPD Epidemiology in Ontario, Canada, 2007-2022 « OFID « 1


https://orcid.org/0000-0002-5286-8974
mailto:r.grewal@utoronto.ca
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofae275

children up to age 5 years [7]. Since 1995-1996, polysaccharide
23-valent vaccine (PPV23) has been publicly funded for those
aged >65 years or >2 years with an underlying medical condi-
tion [6]. Use of PCV13 in adults is currently only publicly fund-
ed for immunocompromised individuals aged >50 years [5].
Recently, between 2021 and 2023, 2 new vaccine products,
PCV15 and PCV20, were authorized by Health Canada for
use in individuals aged >6 weeks [8]. In consideration of these
new products, the Canadian National Advisory Committee on
Immunization (NACI), which makes recommendations for the
use of currently or newly approved vaccines in Canada, updat-
ed their pneumococcal vaccination guidelines. NACI now rec-
ommends PCV20 for routine immunization for adults aged
>65 years and adults aged 50-64 years at high risk of IPD
[8]. NACI recommends either PCV15 or PCV20 for healthy
children aged <5 years and PCV20 for individuals aged <18
years at high risk of IPD [9]. NACI guidance is used by prov-
inces and territories in Canada to inform vaccination program
decision-making. Ontario has not yet incorporated the new
products into their publicly funded vaccination program.

Following the implementation of pediatric pneumococcal vac-
cination programs, there was a significant decrease in the inci-
dence of IPD in children aged <5 years in Ontario [10, 11].
Comparatively, the overall incidence of IPD among adults re-
mained relatively stable [10, 11]. This is thought to be mainly
due to serotype replacement where non-vaccine-preventable se-
rotypes have replaced the niche created by the reduction in
vaccine-preventable serotypes [12]. IPD serotype replacement
has been seen internationally, though the change in distribution
of serotypes varies across jurisdictions [13-16]. Due to these in-
creases in non-PCV13 serotypes, PCV15 and PCV20, which pro-
tect against additional serotypes, were developed and authorized
in Canada, and others are currently in the pipeline.

Though serotype replacement post-PCV13 introduction has
been reported in Ontario [10, 11], current trends are not yet ful-
ly understood. Moreover, little is known about the effect of
PCV13 programs on IPD severity, and the COVID-19 pandem-
ic may have led to further changes to the landscape of the disease.
The objectives of our study were to (1) estimate age-specific IPD
burden from 2007-2019 and the burden of IPD during the
COVID-19 pandemic (2020-2022), (2) compare age-specific
IPD incidence trends and severity pre— and post-PCV13 intro-
duction (2007-2019), and (3) compare the distribution of disease
(2007-2022) as well as IPD incidence and severity of disease by
vaccine-specific and non-vaccine-preventable serotypes pre-
and post-PCV13 introduction (2007-2019).

METHODS

Surveillance Data
IPD is reportable under Ontario’s Health Protection and
Promotion Act [17]. Public health units (PHUs) are responsible

for collecting and entering data for confirmed IPD cases into
Ontario’s integrated Public Health Information System
(iPHIS) using the provincial surveillance case definition. A
confirmed case of IPD is defined as an individual with clinical
evidence of invasive disease with laboratory confirmation of in-
fection, which includes the isolation of S. pneumoniae or detec-
tion of S. pneumoniae DNA by nucleic acid amplification test
(NAAT) from a normally sterile site (eg, blood, cerebrospinal
fluid, excluding middle ear) [18].

In Ontario, most isolates of S. pneumoniae from sterile sites
are sent by the Public Health Ontario (PHO) laboratory to the
National Microbiology Laboratory (NML) for serotyping [19].
Alternatively, for hospitals that are part of the Toronto Invasive
Bacterial Diseases Network (TIBDN), isolates are sent to the
TIBDN laboratory for identification and serotyping [19].
Prior to 2007, Ontario PHUs used their own version of a stand-
alone provincial surveillance system called Reportable Disease
Information System (RDIS). By 2007, all Ontario PHUs were
using the integrated web-based surveillance system (iPHIS),
which resulted in all provincial surveillance data being available
in 1 centralized location. This change led to coordinated data-
cleaning initiatives and active follow-up of cases and coincided
with routine reporting of serotype information by Ontario labs
to PHUs. Therefore, our analyses include all cases of IPD be-
tween January 1, 2007, and December 31, 2022.

Vaccine Eras

We defined 2 vaccine eras to align with the introduction of the
PCV13 vaccine: pre-PCV13 era (January 2007 to December
2010) and post-PCV13 era (January 2011 to December 2019).
We did not include 2020-2022 in the post-PCV13 era due to
the potential effect of the COVID-19 pandemic on IPD.
Instead, these 3 years were explored separately to assess wheth-
er any pandemic effects were seen on IPD rates.

Serotype Groupings

We grouped IPD cases according to the unique serotypes in-
cluded in the different vaccines: PCV13 (1, 3, 4, 5, 6A, 6B, 7F,
9V, 14, 18C, 19A, 19F, and 23F), PCV15-non-PCV13 (22F
and 33F), PCV20-non-PCV13 (22F, 33F, 8, 10A, 11A,
12F, 15B), PCV20-non-PCV15 (8, 10A, 11A, 12F, 15B), and
PPV23-non-PCV20 (2, 9N, 17F, and 20) and non-vaccine-
preventable (NVP; serotypes not protected against by any of
the authorized vaccines). PPV23 does not contain the serotype
6A, whereas the conjugate vaccines do. Cases without serotype
results were included in the overall IPD rate estimations but
considered missing for serotype-specific analyses.

Statistical Analyses

We performed descriptive analyses using SAS Enterprise Guide
8.2 (SAS Institute Inc., Cary, NC, USA). Case details including
hospitalizations and deaths were extracted from iPHIS and used
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in our overall and age-stratified analyses (<5, 5-49, 50-64, >65
years). We calculated incidence and hospitalization rates (per
100 000 population) by age group by dividing the number of
cases or hospitalizations within population estimates (2007-
2021) and projections (2022) obtained from Statistics Canada
[20, 21]. We calculated rate ratios (RRs) and their 95% CIs, com-
paring rates in the post-PCV13 era with those in the pre-PCV13
era, by age group. We calculated case fatality rates (CFRs) by age
group by dividing the number of deaths within each group by the
number of IPD cases within the corresponding group. We also
calculated the proportion of IPD cases attributable to the differ-
ent serotype groupings for the entire study period (2007-2022)
and estimated IPD incidence and hospitalizations caused
by the serotype groupings pre- (2007-2010) and post-PCV13
(2011-2019) with corresponding RRs comparing the incidence
and hospitalization rates between the 2 periods.

Ethics Approval

Our study contains data collected for the purpose of routine
surveillance activities as outlined under provincial legislation
(Ontario Agency for Health Protection and Promotion Act, SO
2007, ¢ 10). Thus, ethics approval from Public Health
Ontario’s Ethics Review Board was not required.

RESULTS

Temporal Trends in IPD Incidence and Hospitalization Across the Entire
Study Period (2007-2022)

Opverall in Ontario, the incidence of IPD remained stable until
2020. The highest incidence of IPD was in adults aged >65
years (Figure 1A, Table 1). Before 2020, IPD incidence rates re-
mained relatively steady for those aged 5-64 years, whereas in-
cidence seemed to decline, though with some fluctuations
across the years, in those aged <5 years and >65 years. The
rate of hospitalizations was also highest in adults aged >65
years and remained fairly stable across the different age groups
until 2020, except for those aged <5 years, where more variabil-
ity was seen across the years (Figure 1B, Table 1). In all age
groups, a clear pandemic effect was seen in 2020 and 2021,
where there was a significant decrease in both incidence and
hospitalizations, with the most dramatic decrease observed in
adults aged >65 years. In 2022, incidence and hospitalization
rates increased to rates more similar to those seen in prepan-
demic years, but the level of increase varied across age groups.
In children aged <5 years, the incidence and hospitalization
rates in 2022 were the second highest in the entire study period.
Conversely, the incidence and hospitalization rates in adults
aged <65 years remained below most rates seen in prepandem-
ic years.

Age-Specific Trends in the Pre- and Post-PCV13 Eras (2007-2019)
The overall incidence of IPD in Ontario was similar pre- and
post-PCV13 era (RR, 1.0; 95% CI, 0.9-1.0), but the rate of

1.2; 95% CI, 1.1-1.2)
(Table 1). The largest decrease in IPD incidence pre- to

hospitalizations increased (RR,
post-PCV13 introduction was in children aged <5 years (RR,
0.7; 95% CI, 0.6-0.8). Slight declines in incidence were also
seen in those aged 5-49 years (RR, 0.8; 95% CI, 0.8-0.9) and
>65 years (RR, 0.9; 95% CI, 0.9-1.0), but incidence was stable
in adults aged 50-64 years. For hospitalizations, a reduction
in the age-specific hospitalization rate between the 2 eras was
only observed in children aged <5 years (RR, 0.8; 95% CI,
0.7-0.9). Rates increased slightly in those aged 50-64 (RR,
1.2; 95% CI, 1.1-1.4) and >65 years (RR, 1.1; 95% CI, 1.0-
1.1), and there was no change in those aged 5-49 years. The
CEFR increased in children aged <5 years and adults aged 50—
64 years between the 2 eras. CFR between the 2 eras remained
similar in those aged 5-49 years and decreased in adults aged
>65 years.

IPD by Vaccine and Non-Vaccine-Preventable Serotypes
Serotype information was reported for 14 887 (84.8%) cases. The
proportion of IPD cases attributable to vaccine-specific and NVP
serotypes remained stable up to 2010 (Supplementary Figure 1).
Subsequently, a reduction in PCV13 serotypes and an in-
crease in PCVI15-non-PCV13, PCV20-non-PCV15, and
NVP serotypes was seen for most years, as well as increases
in PPV23-non-PCV20 serotypes in 2015-2017 for those
aged >5 years (Supplementary Figure 1). As of 2013 onward
in children aged <5 years, the proportion of cases attributable to
the 7 additional serotypes in PCV20-non-PCV13 (proportion
ranging between 32% and 53% of all cases) surpassed the propor-
tion of cases attributable to PCV13 serotypes (Supplementary
Appendix, Figure 2). The proportion attributable to 22F and
33F specifically ranged between 8% and 23% during those
years. In 2022, the latest year of data available, the proportion
of cases attributable to PCV20-non-PCV13 serotypes com-
pared with PCV13 serotypes was 37.1% vs 27.0% in those
aged <5 years and 26.8% vs 27.6% in those aged >65 years.
All age groups saw a reduction in IPD incidence and hospital-
izations attributable to PCV13 serotypes pre- to post-PCV13 era
(Figure 2). The largest decline was seen in children aged <5 years
(incidence RR, 0.4; 95% CI, 0.3-0.5; and hospitalization RR, 0.4;
95% CI, 0.4-0.6). Conversely, all age groups saw an increase
in IPD incidence and hospitalizations attributable to the
PCV15-non-PCV13, PCV20-non-PCV13, and PCV20-non-
PCV15 serotypes in the pre- to post-PCV13 era. In children
aged <5 years and individuals aged 5-49 years, 50-64 years,
and >65 years, the RR comparing the incidence of IPD attribut-
able to PCV15-non-PCV13 serotypes pre- to post-PCV13 was
1.8 (95% CI, 1.1-2.8), 1.5 (95% CI, 1.1-1.9), 1.4 (95% CI, 1.1-
1.8), and 1.6 (95% CI, 1.4-19), respectively. For
PCV20-non-PCV15 serotypes, the RR was 1.7 (95% CI, 1.2-
2.4), 1.5 (95% CI, 1.2-1.8), 1.4 (95% CI, 1.2-1.8), and 1.6 (95%
CI, 1.3-1.9), for each age group, respectively. NVP serotypes
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Incidence (A) and hospitalization rates (B) (per 100 000 population) of invasive pneumococcal disease cases, by age group and year, in Ontario, Canada,

saw the largest increase in cases for all age groups combined
(pre-PCV13: 16.9% of cases; post-PCV13: 28.1% of cases)
(Supplementary Appendix, Table 1). The next largest increase
in cases from pre- to post-PCV13 was for serotype 22F (7.4% to
10.6% of cases), serotype 9N (2.5% to 5.4% of cases), and serotype
3 (9.2% to 11.9% of cases). The RR of hospitalizations attributable
to PCV15-non-PCV13 and PCV20-non-PCV15 serotypes was
highest in children aged <5 years at 2.0 (95% CI, 1.1-3.4) and

2.1(95% CI, 1.4-3.2), respectively. The RR was similar for all other
age groups. For all age groups, the rate of incidence and hospital-
izations pre- and post-PCV13 for PCV20-non-PCV13 serotypes
was double or greater than the rate for PCV15-non-PCV13
serotypes.

For the age groups 5-49 years, 50-64 years, and >65 years,
the largest increase in incidence and hospitalization rates pre-
to post-PCV13 era was seen for PPV23-non-PCV20 serotypes
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Table 1. Comparison of Overall Incidence and Severity of IPD Cases in the Pre-PCV13 (2007-2010) and Post-PCV13 Vaccine Eras (2011-2019), by Age

Group, in Ontario, Canada

<5 Years 5-49 Years 50-64 Years >65 Years All Ages

No. of cases

Pre-PCV13 437 1144 1087 1806 4474

Post-PCV13 731 2187 2957 4595 10470
IPD incidence rate (per 100 000)

Pre-PCV13 15.6 3.6 11.0 25.6 8.6

Post-PCV13 1.3 3.0 1.4 23.3 8.4
IPD incidence, RR (95% ClI) 0.7 (0.6-0.8) 0.8 (0.8-0.9) 1.0 (1.0-1.1) 0.9 (0.9-1.0) 1.0 (0.9-1.0)
% of cases hospitalized (No.)

Pre-PCV13 68.6 (300) 62.8 (718) 65.6 (718) 70.2 (1267) 67.0 (2998)

Post-PCV13 78.0 (570) 76.9 (1681) 78.8 (2330) 82.3 (3780) 79.9 (8361)
Hospitalization rate (per 100 000)

Pre-PCV13 10.7 2.2 7.2 18.0 5.8

Post-PCV13 8.8 2.3 9.0 19.1 6.7
Hospitalizations, RR (95% Cl) 0.8 (0.7-0.9) 1.0 (1.0-1.1) 1.2(1.1-1.4) 1.1(1.0-1.1) 1.2(1.1-1.2)
Case fatality rate, % (No.)

Pre-PCV13 1.4 (6) 5.9 (67) 9.7 (105) 18.8 (340) 11.6 (518)

Post-PCV13 2.3(17) 5.8 (127) 11.2 (330) 16.4 (755) 11.7 (1229)

Abbreviations: IPD, invasive pneumococcal disease; PCV13, 13-valent pneumococcal conjugate vaccine; RR, rate ratio.

(incidence RR, 2.4; 95% CI, 1.6-3.6; incidence RR, 2.6; 95% CI,
1.8-3.6; incidence RR, 2.0; 95% ClI, 1.4-2.7; and hospitalization
RR, 3.8; 95% CI, 2.2-6.5; hospitalization RR, 3.3; 95% CI, 2.1-
5.0; hospitalization RR, 2.8; 95% CI, 1.9-4.1, respectively). All
age groups also saw an increase in incidence and hospitaliza-
tions attributable to NVP serotypes post-PCV13 introduction.
Though there were very few fatalities in children aged <5 years,
a higher proportion of fatalities was attributable to
PCV20-non-PCV13 vs PCV13 serotypes in the post-PCV13
era (53.3% vs 33.3%) (Supplementary Table 2). Of the 8
PCV20-non-PCV13 fatalities, 3 were due to serotype 104, 2
to 11A, 2 to 15BC, and 1 to 22F (Supplementary Table 3). In
all ages combined, a 10.1% increase from pre- to post-PCV13
was seen for fatalities attributable to NVP serotypes
(Supplementary Table 3). Among the vaccine-preventable se-
rotypes, serotype 3 led to the most fatalities in the
post-PCV 13 era (16.0% of fatalities), and 22F had the largest in-
crease in fatalities from the pre- to post-PCV13 era (6.2% to
10.5% of fatalities; 4.3% increase).

DISCUSSION

Despite the implementation of publicly funded pneumococcal
conjugate vaccine programs, the overall incidence of IPD re-
mained stable in Ontario from 2007 to 2019. The largest decline
in incidence was seen in children aged <5 years, which includes
children eligible for routine and catch-up pediatric pneumo-
coccal vaccine in the province. IPD incidence and hospitaliza-
tion rates declined in all age groups during the pandemic years
of 2020 and 2021, particularly in adults aged >65 years. Rates
returned to prepandemic levels in 2022 for those aged 5-64

years but were higher than average compared with prepandem-
ic years for children aged <5 years and lower for adults aged
>65 years. For all age groups post-PCV13 introduction, the in-
cidence and severity of IPD attributable to all PCV13 serotypes
combined decreased, whereas the incidence and severity attrib-
utable to serotypes in PCV15 and/or PCV20 but not in PCV13,
as well as NVP serotypes, increased.

Similar to Ontario, many regions across the world saw a no-
table decline in IPD incidence during the pandemic years of
2020 and/or 2021 [22-24]. The reason for this decline was mul-
tifaceted, with one of the largest contributors likely being the
public health measures that were employed to reduce the
spread of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), including lockdowns, social distancing, and
masking. These measures also reduced the spread of other
transmissible infections, particularly viral infections (eg, influ-
enza and respiratory syncytial virus [RSV]), which can lead to
secondary bacterial infections, and thus led to reduced rates of
IPD [25-27]. Further supporting this theory, in 2022, the rate of
viral respiratory infections, particularly RSV, rose significantly
in young children in many regions, including Ontario [28-30],
leading to one of the worst respiratory seasons in years. This
may also partly explain the substantial increase in IPD inci-
dence and hospitalizations we saw in children aged <5 years
in 2022. As IPD surveillance in Ontario is passive, declines in
rates during the pandemic years may also have been impacted
by factors such as fewer health care encounters resulting from
reduced capacity, health care facilities accepting only urgent
cases, and changes in health care seeking due to concern for
contracting SARS-CoV-2 in such settings, meaning only the
most severe cases were possibly being captured during this
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Figure 2. IPD incidence, hospitalization, RRs, and 95% Cls for RR comparing the pre-

and post-PCV13 periods, by age and vaccine-specific and NPV serotype groupings (A:

aged <5 y; B aged 5-49 y; C: aged 50-64 y; D: aged 65+ y). PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F), PCV15-non-PCV13 (22F and 33F), PCV20-non-PCV13
(includes serotypes in PCV15; 22F, 33F, 8, 10A, 11A, 12F, 15B), PCV20-non-PCV15 (8, 10A, 11A, 12F, 15B), and PPV23-non-PCV20 (2, 9N, 17F, and 20) and NVP (serotypes not
protected against by any of the authorized vaccines). Abbreviations: IPD, invasive pneumococcal disease; NPV, non-vaccine-preventable; PCV, pneumococcal conjugate vac-

cine; PPV, polysaccharide vaccine; RR, rate ratio.
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time [31, 32]. Competing priorities in public health during the
pandemic may also have resulted in incomplete data entry for
IPD cases.

In Ontario, pneumococcal vaccine coverage, which is volun-
tarily reported by parents to local public health units and thus is
likely an underestimate, was 77% in the 2018-2019 school year
(prepandemic) and 74% in the 2021-2022 school year among
children aged 7 years [33]. The significant decline in IPD inci-
dence in children aged <5 years post-PCV13 introduction re-
flects the direct effects and success of Ontario’s pediatric
pneumococcal vaccination program. However, the burden of
serotype 3 remains an issue, one that has also been seen in other
Canadian provinces [34]. Additionally, while overall IPD case
counts decreased post-PCV13, there was a significant shift in
the serotypes causing IPD in these children, with a decrease
of PCV13 serotypes and an increase in PCV15-non-PCV13
and PCV20-non-PCV15 serotypes. From 2013 to 2022, the
proportion of additional cases that could potentially be averted
due to all 7 additional serotypes being protected against in
PCV20 but not PCV13 ranged between 32% and 53%. Of these
7, the 2 also found in PCV15, 22F and 33F, could potentially
avert 8%-23% of overall cases, which suggests that the 5 addi-
tional serotypes included in PCV20 but not PCV15 also con-
tributed substantially to the burden of IPD. Of these 5
serotypes, serotype 8 saw the largest increase in cases from
the pre- to post-PCV13 era. These findings suggest that imple-
mentation of PCV15 or PCV20 in pediatric pneumococcal
vaccination programs may help further reduce the burden of
IPD in eligible children, but the impact may be greater with
PCV20. Nonetheless, the question of serotype replacement re-
mains. Few individuals aged >2 years who are eligible for
pneumococcal vaccination (ie, living with underlying risk fac-
tors) are eligible for PCV13 outside catch-up programs, yet
there was also a considerable reduction in IPD cases attribut-
able to PCV13 serotypes in those aged >5 years. These find-
ings suggest that older children, adolescents, and adults are
experiencing indirect effects from the pediatric vaccination
program. Indirect effects of pneumococcal pediatric programs
have also been seen in other regions internationally [35-37].
Similar to children aged <5 years, circulating PCV13 serotypes
appear as if they are being replaced by non-PCV13 serotypes
in other age groups since the introduction of the pediatric
program.

There was also a rise in IPD cases attributable to
PPV23-non-PCV20 serotypes in those aged >5 years. The re-
duction of PCV13 serotypes could also be leading to an increase
in PPV23-non-PCV20 serotypes due to replacement. This in-
crease in PPV23-non-PCV20 serotypes could be as a result of
eligible individuals not getting vaccinated or lack of effect
from the PPV23 vaccine. Data were not available to estimate
IPD rates specific to those aged 5-64 years and also eligible
for the PPV23 vaccine, or to accurately estimate the proportion

of individuals vaccinated against pneumococcal disease across
Ontario. However, due to the low risk of severe disease among
healthy individuals aged 5-64 years, it is likely that most IPD
cases captured were among those at higher risk of disease, as
has been seen by a network conducting enhanced IPD surveil-
lance in 2 of the largest regions in Ontario [38, 39].
Self-reported adult pneumococcal vaccine uptake in Canada
is collected through national coverage surveys and in 2023
was found to be quite low, at 42% among adults in Ontario
aged >65 years or 18-64 years with at least 1 chronic health
condition [40, 41]. Conjugate pneumococcal vaccines have su-
perior effectiveness and a longer duration of protection com-
pared with polysaccharide vaccines [42-44]. Introducing
conjugate vaccines with more serotype coverage for adults
aged >65 years and those at high risk of IPD and increasing
vaccine coverage in these populations would likely further de-
crease the burden of disease. Older children and adults may
also indirectly benefit from a pediatric program utilizing these
vaccines, as was seen for PCV13.

Compared with the pre-PCV13 era, the CFR increased in
children aged <5 years and adults aged 50-64 years in the
post-PCV13 era, though the absolute number of fatalities was
small. Though the CFR decreased in adults aged >65 years
from pre- to post-PCV13 introduction, the rate of hospitaliza-
tions increased. These fluctuations in severity may partly be due
to these observed changes in serotype distribution. For exam-
ple, some serotypes that are protected against in PCV15 and
PCV20 but not PCV13, including 8, 10A, 15BC, 22F, and
33F, may cause more severe clinical manifestations such as
meningitis compared with PCV13 serotypes [45]. In our study,
the proportion of deaths from pre- to post-PCV13 attributable
to 22F increased by 4.9%, and those attributable to 11A in-
creased by 2.2% among adults aged >65 years. Though there
were few fatalities in children aged <5 years in the
post-PCV13 era, more than half were attributable to the 7 ad-
ditional serotypes protected against in PCV20, specifically
10A, 11A, 15BC, and 22F, but not PCV13.

Canada’s NACI has a preferential recommendation for
PCV20 for adults aged >65 years and >50 years living with un-
derlying risk factors for IPD [8]. In cases where PCV20 is un-
available or inaccessible, PCV15 can be used but should be
followed with a dose of PPV23 [8]. The preference for
PCV20 over PCV15 was due to increased serotype coverage,
the practical benefits of only requiring 1 vaccine product, and
better cost-effectiveness [8]. PCV20 is also recommended for
individuals aged <18 years who are at high risk of IPD [9].
Among healthy children aged <5 years, either PCV15 or
PCV20 is recommended [9]. Unfortunately, it is unknown
whether further serotype replacement will simply lead to other
NVP serotypes, replacing the serotypes protected against in the
higher-valency vaccines. All age groups also saw a significant
rise in cases and fatalities attributable to NVP serotypes,
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suggesting that protection against additional serotypes is al-
ready needed. Many products are currently in development
to help address this issue [46, 47], but additional strategies
may also need to be considered. The significant reduction in
IPD incidence rates seen during the pandemic years suggests
that focusing efforts on reducing viral infections that may sub-
sequently lead to infection by S. pneumoniae, such as increased
efforts to vaccinate against influenza [48] and now RSV, could
also be a strategy worth considering.

This study has some limitations. As Ontario uses a passive
surveillance system to capture the burden of pneumococcal dis-
ease, it is likely that cases are underreported. This discrepancy
can be caused by several factors, such as an individual’s health
care-seeking behaviors and differences in laboratory testing
protocols. Our data may underestimate the overall IPD inci-
dence and overestimate disease severity due to the nature of
passive reporting, particularly during the pandemic years (eg,
due to fewer health care visits and reduced capacity to enter
cases into data systems, likely leading to the most severe cases
being captured). Data regarding antimicrobial resistance are
also absent and would have provided further insight for the in-
creasing severity of vaccine-related serotypes [49]. Additionally,
as previously mentioned, we lack data on accurate pneumococ-
cal vaccine coverage for all ages in Ontario, making it difficult
to make conclusions on the effect of vaccine uptake on inci-
dence and hospitalization rates as well as changes in serotype
distributions. We also lack data on risk factors and comorbid-
ities, which limited our ability to gain a deeper understanding
of IPD cases and the effect of these risk factors on severity of
disease. Due to these data limitations, our analyses were con-
ducted among all Ontarians aged 2-64 years without the ability
to restrict to those who are eligible for high-risk pneumococcal
vaccine programs in the province.

While the overall incidence of IPD in Ontario has generally re-
mained unchanged, the PCV13 immunization program has led to
a decline in IPD burden in children aged <5 years as well as
strong effects on serotype distribution, as demonstrated by the
shift in circulating serotypes. The incidence of IPD due to most
PCV13 serotypes decreased after the introduction of PCV13 in
2010 across all ages. However, this decrease was largely offset
by increasing incidence in other serotypes, and the burden of se-
rotype 3 remains a problem. Ongoing surveillance of the circulat-
ing serotypes in Ontario is needed to continually monitor and
evaluate pneumococcal vaccination programs as changes are
made and as new vaccines are implemented. Moreover, data in-
frastructure such as a comprehensive immunization registry to al-
low for accurate vaccine coverage estimation in all ages is
necessary to evaluate these programs effectively.
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