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Abstract
Background  In Canada, 13-valent pneumococcal conjugate 
vaccine (PCV13) is recommended in childhood, in individuals 
at high risk of invasive pneumococcal disease (IPD) and in 
healthy adults aged ≥65 years for protection against vaccine-
type IPD and pneumococcal community-acquired pneumonia 
(pCAP). Since vaccine recommendations in Canada include 
both age-based and risk-based guidance, this study aimed 
to describe the burden of vaccine-preventable pCAP in 
hospitalised adults by age.
Methods  Surveillance for community-acquired pneumonia 
(CAP) in hospitalised adults was performed prospectively 
from 2010 to 2015. CAP was radiologically confirmed, and 
pCAP was identified using blood and sputum culture and 
urine antigen testing. Patient demographics and outcomes 
were stratified by age (16–49, 50–64, ≥65 and ≥50 years).
Results  Of 6666/8802 CAP cases tested, 830 (12.5%) 
had pCAP, and 418 (6.3%) were attributed to a PCV13 
serotype. Of PCV13 pCAP, 41% and 74% were in adults 
aged ≥65 and ≥50 years, respectively. Compared with 
non-pCAP controls, pCAP cases aged ≥50 years were 
more likely to be admitted to intensive care units (ICUs) 
and to require mechanical ventilation. Older adults with 
pCAP were less likely to be admitted to ICU or required 
mechanical ventilation, given their higher mortality and 
goals of care. Of pCAP deaths, 67% and 90% were in the 
≥65 and ≥50 age cohorts, respectively.
Conclusions  Adults hospitalised with pCAP in the 
age cohort of 50–64 years contribute significantly to 
the burden of illness, suggesting that an age-based 
recommendation for adults aged ≥50 years should 
be considered in order to optimise the impact of 
pneumococcal vaccination programmes in Canada.

Introduction
In Canada, Health Canada authorises the use 
of vaccines following sufficient evidence on 
quality, safety and efficacy. In turn, the National 
Advisory Committee on Immunisation 
(NACI) makes informed recommendations 

on the optimal use of vaccines, which helps 
provincial or territorial ministries of health 
develop immunisation programmes for chil-
dren and adults.1 To reduce the burden of 
pneumococcal diseases, NACI has made age-
based and risk-based recommendations for 
two pneumococcal vaccines currently widely 
used in Canada: the 23-valent pneumococcal 
polysaccharide vaccine (PPV23) and the 
13-valent pneumococcal conjugate vaccine 
(PCV13).1

Streptococcus pneumoniae (or pneumococcus) 
infections cause high morbidity and mortality 
worldwide, with significant impact on public 
health and healthcare resources.2–5 Individ-
uals at risk include children aged ≤5 years, 
adults aged ≥65 years and individuals of any age 
with underlying medical conditions.1 5–12 The 
most serious manifestations of pneumococcal 
infection include invasive pneumococcal 

Key messages

►► To help make informed recommendations for adult 
immunisation, the Serious Outcomes Surveillance 
Network of the Canadian Immunisation Research 
Network performed surveillance prospectively with 
aims to characterise by age the burden of pneumo-
coccal community-acquired pneumonia (pCAP) in 
hospitalised Canadian adults and the proportion of 
pCAP that is attributed to 13-valent pneumococcal 
conjugate vaccine (PCV13) serotypes.

►► Adults aged ≥50 years accounted for 74% of pCAP 
attributed to PCV13 serotypes, compared with 41% 
in adults aged ≥65 years for whom a vaccine recom-
mendation already exists.

►► These data, along with the clinical burden of pCAP in 
adults aged 50–64 years, argue the value of immu-
nising adults aged ≥50 years.

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2019-000550&domain=pdf&date_stamp=2020-03-17
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diseases (IPDs) and community-acquired pneumonia 
(CAP). S. pneumoniae is the most frequently identified 
bacterial pathogen in CAP, and CAP is the most common 
presentation of pneumococcal disease in older adults.7–12 
Recent studies in hospitalised Canadian adults demon-
strated that 14%–23% of CAP cases were attributable to 
S. pneumoniae, but these data were likely underestimated.7 
Pneumococcal community-acquired pneumonia (pCAP) 
cases were more likely than CAP cases testing negative for 
S. pneumoniae (non-pCAP) to be admitted to the inten-
sive care unit (ICU), to require mechanical ventilation, 
and had high mortality.7 8 Vaccine-preventable serotypes 
of S. pneumoniae remain predominant in adults hospital-
ised with pCAP, despite efforts to confer adult protection 
indirectly through childhood immunisation.8 13–15

Indirect protection of adults against pneumococcal 
disease can occur through herd immunity, where child-
hood immunisation reduces colonisation and subsequent 
transmission to adults.13–15 Following childhood immu-
nisation with a 7-valent conjugate vaccine (PCV7) in 
Canada, IPD caused by PCV7 serotypes declined signifi-
cantly in vaccinated children, unvaccinated children 
and adults.1 8 13–15 A few years later, non-PCV7 serotypes 
emerged, and PCV7 was replaced by PCV10 in 2009 in 
some provinces, and by 2010, PCV13 was implemented in 
all Canadian provinces.1 8 13–15 However, despite broader 
coverage with PCV13 childhood immunisation and use 
of PPV23 in adults since 1996, a significant proportion of 
pCAP and IPD in adults are still caused by PCV13 sero-
types.5–8 These data suggest that unlike PCV7, childhood 
immunisation with PCV13 has not provided sufficient 
indirect protection to adults against pCAP and IPD.8

Direct adult immunisation with PCV13 has been the 
subject of recent debate.1–8 The CAPITA trial in the 
Netherlands demonstrated efficacy in healthy adults 
aged ≥65 years against vaccine-type non-bacteraemic 
CAP, bacteraemic pCAP and IPD, but it was undertaken 
in a background of PCV7- based nd PCV10-based child-
hood immunisation.16 At the time, the potential benefits 
of PCV13 adult immunisation were unclear in Canada 
and other countries, given the anticipated herd immu-
nity from PCV13 childhood immunisation.1 7 8 There are 
economic modelling data to suggest that PCV13 alone, 
or PCV13 followed by PPV23, is a cost-effective use of 
healthcare resources2–4; however, this is not universally 
accepted.17 Similar to the USA,18 PCV13 received a NACI 
recommendation for the prevention of IPD and pCAP 
caused by PCV13 serotypes in immune competent adults 
aged ≥65 years.1 However, in Canada, public funding was 
not endorsed for individuals without additional risks, 
at the modelled price.1 PCV13 is authorised by Health 
Canada for indications including use in adults aged ≥18 
years for the protection against IPD and pneumonia, 
but to date, PCV13 is only recommended by NACI for 
use in adults <65 years of age if immune compromised.1 
There iare some data to suggest that PCV13 and PPV23 
should be considered in adults younger than 65 who 
are at increased risk of pneumococcal disease owing to 

medical, lifestyle or environmental factors, as the risk of 
CAP in this population might exceed that in the healthy 
elderly population.19 Other countries have recom-
mended PCV13 in adults aged ≥50 years, irrespective of 
factors putting them at risk of disease.20–22 More Cana-
dian data on disease burden by age could inform recom-
mendations for both PCV13 and PPV23.

The Serious Outcomes Surveillance (SOS) Network of 
the Canadian Immunisation Research Network (CIRN) 
recently described the burden of pCAP and IPD in hospi-
talised adults, and described changes in S. pneumoniae 
serotype distribution over years 2010–2015.7 8 This study 
represents a secondary analysis of the data to further 
characterise, by age, the burden of pCAP and the propor-
tion of pCAP attributed to PCV13 serotypes.

Materials and methods
All methods were previously described7–9 and remained 
consistent throughout the study period, with the excep-
tion that data were stratified by age.

Study eligibility and case definitions
Dedicated surveillance monitors reviewed all daily adult 
(≥16 years) admissions to identify patients with an acute 
respiratory illness who were admitted to hospitals from 
the community with an admitting diagnosis of influ-
enza, CAP, asthma or acute exacerbation of chronic 
obstructive pulmonary disease, or who presented with 
any other respiratory tract infection or symptom. A case 
was enrolled as CAP if a presentation occurred within 
72 hours of admission with a new or evolving pulmonary 
infiltrate on chest radiograph suggestive of pneumonia, 
with ≥2 signs or symptoms (temperature >38°C, cough, 
sputum production, shortness of breath, pleuritic chest 
pain, crackles or consolidation on chest examination). 
Patients were excluded if they failed to meet the CAP 
case definition, were admitted but discharged or died 
prior to consent, refused consent or were admitted from 
a long-term care facility. A case was defined as pCAP if a 
CAP case had confirmation of S. pneumoniae from urine 
antigen detection or isolation of S. pneumoniae from blood 
or sputum culture. A case was considered non-pCAP if at 
least one laboratory test was performed, and no results 
identified S. pneumoniae.

Specimen collection and laboratory testing
Specimens recovered from participating sites were stored 
at −80°C and shipped on dry ice to the CIRN SOS Network 
central laboratory (Halifax, Nova Scotia) for testing. S. 
pneumoniae isolates were subjected to PCR-based detection 
and serotyping,7 8 and Quellung reaction was performed 
at the National Microbiology Laboratory (Winnipeg, 
Manitoba) using commercial antisera (Statens Serum 
Institute Diagnostica, Copenhagen, Denmark). Urine was 
stabilised with 25 mM PIPES buffer (pH 6.8) and tested 
using the pan-pneumococcal Binax NOW S. pneumoniae 
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Figure 1  Laboratory testing for Streptococcus pneumoniae in cap cases and proportion of cap identified as pCAP by age. 
(A) Proportion by age of cap cases tested for S. pneumoniae using ssUAD, BC, SC, at least one (any) diagnostic test or all 
diagnostic tests. (B) Proportion by age of cap cases identified as pCAP for each laboratory method or testing combinations. 
BC, blood culture; CAP, cCommunity-acquired pneumonia; pCAP, pneumococcal community-acquired pneumonia; SC, 
sputum culture; ssUAD, serotype-specific urine antigen testing.

Urinary Antigen Test by the CIRN SOS central labora-
tory, and using a PCV13 serotype-specific urine antigen 
detection (ssUAD) assay on a Luminex V.2.0 instrument 
at Pfizer’s Vaccines Research and Development Labora-
tory (Pearl River, New York).23–25

Estimated incidence rates for pCAP
Specific catchment areas were not defined. Incidence 
rates for pCAP were estimated by applying the proportion 
of hospitalised CAP attributed to S. pneumoniae (through 
prospective surveillance by the CIRN SOS Network) to 
incidence rates for CAP in hospitalised adults obtained 
from Discharge Abstract Database data of the Cana-
dian Institute for Health Information (CIHI) (https://
www.​cihi.​ca/​en). Hospitalisations due to all-cause pneu-
monia by year and age were provided as anonymous and 
aggregate by CIHI using J12–J18 codes from the Inter-
national Classification of Diseases, 10th Revision, Cana-
dian Enhancements. Incidence rates were expressed per 
100 000 persons per year, with 95% CI.9

Statistical analyses
A regression analysis were used to compare trends over 
time for proportions or incidences rates, and a χ2 and 
Fisher’s exact test was used to compare two variables. For 
patient demographics and outcomes in each age cate-
gory, univariate analyses were performed and multivar-
iate regression analyses were used to identify risk factors 
for serious outcomes. t-Test and analysis of variance were 
used for comparing continuous variables, and χ2 was 
used to compare categorical variables. A p value of ≤0.05 
was considered statistically significant.

Results
Proportion of CAP attributed to S. pneumoniae by age
Of 8802 CAP cases enrolled, 2521 (28.6%) had one diag-
nostic test for S. pneumoniae, 2606 (29.6%) had two tests, 
6666 (75.6%) had at least one test, and 1198 (13.6%) 

had all tests performed (online supplementary table S1). 
There was a decline with age in the proportions of CAP 
cases tested for S. pneumoniae (figure 1A) and S. pneumo-
niae positivity in CAP (figure 1B), regardless of laboratory 
test(s) used (online supplementary table S1).

The decline was significant for CAP cases tested using 
ssUAD, blood culture, sputum culture, at least one (any) 
test or all tests (with p values of 0.004, 0.033, 0.013, 0.002 
and 0.021, respectively). The decline with age for the 
proportion of CAP cases identified as pCAP was also 
significant for each laboratory test or combination (p 
values of <0.001, 0.016, 0.004, <0.001 and 0.016, respec-
tively). Of the overall pCAP cases throughout the study 
period, 22.0%, 30.8%, 47.1% and 78.0% were detected in 
adults in age groups of 16–49, 50–64, ≥65 and ≥50 years, 
respectively (figure 2A and online supplementary table 
S2). No significant differences were noted in proportions 
whether any or all tests were performed, or between study 
years (figure 2A,B, and online supplementary table S2).

Incidence rates of pCAP by age
Whether any or all diagnostic tests for S. pneumoniae 
were performed, incidence rates of pCAP increased with 
age in each of the study years (figure 2C,D, and online 
supplementary tables S3 and S4). The incidence rates 
in any age group were highest in the early years in the 
study (2010–2013), the lowest in year 2014 and increased 
again in 2015 (figure  2C,D, and online supplementary 
tables S3 and S4). For pCAP cases in whom any test was 
performed, the decline from 2011 to 2014 was signifi-
cant for adults aged 16–49 years (p=0.020). In addition, 
a significant rise in pCAP incidence rates was noted from 
year 2014 to 2015 in adults aged 50–64 years (p=0.017). 
For pCAP cases in whom all tests were performed, there 
was a significant decline in incidence for adults aged 
50–64 over years 2012–2014 (p=0.040), and a significant 
rise in incidence from 2014 to 2015 for adults aged ≥65 
years (p=0.022) and all ages (p=0.046).

https://www.cihi.ca/en
https://www.cihi.ca/en
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
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Figure 2  Characterisation of pCAP by age and year. Proportion by age represents pCAP cases identified by (A) any or 
(B) all diagnostic tests for Streptococcus pneumoniae, (C) incidence rates for pCAP for cases identified by any test and (D) 
incidence rates for pCAP for cases identified by all tests. pCAP, pneumococcal community-acquired pneumonia.

Proportion of pCAP attributed to PCV13
No significant changes were reported during the study 
period for PCV7, PPV23 (non-PCV13) or non-vaccine 
serotypes8; therefore, only pCAP cases attributed PCV13 
serotypes were further characterised by age. As seen with 
pCAP, the proportion of pCAP attributed to PCV13 sero-
types was 25.6%, 33.0%, 41.4% and 74.4% in adults aged 
16–49, 50–64, ≥65 and ≥50 years, respectively (figure 3A 
and online supplementary table S5). Similar proportions 
were observed for patients tested using all laboratory tests 
for S. pneumoniae (figure 3B and online supplementary 
table S5). No significant differences in proportions were 
noticed throughout the study period.

Incidence rates of PCV13 pCAP by age
As seen with pCAP, whether any or all diagnostic tests for 
S. pneumoniae were performed, incidence rates of pCAP 
attributed to PCV13 increased with age (figure  3C,D, 
and online supplementary table S6). Incidence rates of 
PCV13 pCAP were highest in the early years in the study 
(2010–2013), declined in 2014 and increased again in 
2015 (figure 3C,D, and online supplementary table S6). 
For pCAP cases in whom any test was performed, the 
decline in PCV13 serotypes from 2012 to 2014 was signif-
icant for adults aged 50–64 years (p=0.032) and adults of 
all ages (p=0.014). In addition, a significant rise in inci-
dence rates was noted from years 2014 to 2015 in adults 
aged 50–64, ≥65 and ≥50 years (p=0.019, 0.022 and 0.018, 
respectively). For pCAP cases in whom all tests were 
performed, there was a significant decline in incidence 
for adults aged ≥50 years from 2012 to 2014 (p=0.005), 

and a significant rise in incidence from 2014 to 2015 for 
adults aged ≥65 years (p<0.001).

S. pneumoniae serotype distribution by age
No differences in the serotype distribution were noted 
between age cohorts, with each group demonstrating a 
predominance for serotypes 3, 7F and 19A (figure 4A). 
For each serotype, the ≥65 age group accounted for less 
than half the cases, while the 50–64 age groups repre-
sented between 25% and 35% of cases (figure  4A and 
online supplementary table S7). Regression analyses 
were performed for incidence rates over time for the 
three most predominant serotypes (3, 19A and 7F) 
(figure 4B–D). A decline over time in incidence rates was 
seen for serotypes 7F (figure  4B) and 19A, but signifi-
cant declines were only noted for serotype 7F from 2012 
to 2014 in adults aged ≥65 years (p=0.048), ≥50 years 
(p=0.002) and all ages (p=0.049) (figure 4C and online 
supplementary table S7). For serotype 3, there as a signif-
icant decline in incidence from 2012 to 2014 for adults 
aged ≥65 years (p=0.018); however, incidence rates 
increased from 2014 to 2015 in both adults aged ≥65 and 
≥50 years (p<0.001 and 0.011, respectively).

Patient demographics and outcomes
As reported previously for all ages,7 8 the mean age of 
pCAP cases in adults aged ≥65 and≥50 years was signifi-
cantly less than that of non-pCAP (table 1). Most patients 
in any of the age groups had underlying medical comor-
bidities, but the proportions increased with age for both 
non-pCAP and pCAP. No significant difference were 

https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
https://dx.doi.org/10.1136/bmjresp-2019-000550
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Figure 3  Contribution by age and year of pCAP attributed to PCV13 serotypes. Proportion of cap cases attributed to PCV13 
serotypes in cap cases tested using (A) any or (B) all diagnostic tests for Streptococcus pneumoniae, (C) incidence rates 
for pCAP attributed to PCV13 serotypes for pCAP cases identified by any test and (D) incidence rates for pCAP for cases 
identified by all tests. pCAP, pneumococcal community-acquired pneumonia.

Figure 4  Streptococcus pneumoniae serotype distribution in adults hospitalised with pCAP. (A) Characterisation by age of 
S. pneumoniae serotypes identified in pCAP (n=418). Incidence rates for the predominant three serotypes are presented over 
time: (B) serotype 7F, (C) serotype 19A and (D) serotype 3. pCAP, pneumococcal community-acquired pneumonia.
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noted in the proportion of patients without pCAP and 
with pCAP who were immune compromised, but the 
proportion of individuals who had immune compro-
mising conditions increased with age for both. No 
differences between non-pCAP and pCAP were noted 
for concomitant influenza infection. In adults aged 
16–49 years, non-pCAP cases were more often obese 
(body mass index ≥30), while smoking was more prom-
inent in the pCAP group. Compared with non-pCAP 
cases, prior pneumococcal vaccine was less common in 
pCAP cases in the ≥50-year cohorts. Of the non-pCAP 
and pCAP cases where immunisation was documented, 
PPV23 was predominantly used (between 90.9% and 
97.4%, depending on the age cohort). Receipt of antibi-
otics within 4 hours was more common in pCAP cases for 
adults aged ≥50 years. In terms of outcomes, mortality (at 
30 days) and length of stay increased with age for both 
non-pCAP and pCAP. For adults aged 16–49, 50–64 and 
65+ years, mortality for pCAP was 3.8%, 6.3% and 12.0%, 
respectively. Of 70 pCAP deaths attributed to pCAP, 7 
(10.0%), 16 (22.8%), 47 (67.1%) and 63 (90.0%) were 
in the age cohorts of 16–49, 50–64, ≥65 and ≥50 years, 
respectively. Compared with non-pCAP cases, more ICU 
admissions and requirement for mechanical ventilation 
were observed in pCAP cases in all age groups, and these 
serious outcomes increased with age. Of note, no signif-
icant differences in patient demographics were noted 
between pCAP cases tested by any or all tests for S. pneu-
moniae, with the exception of antibiotics within 4 hours 
(p=0.001) (online supplementary table S8). In contrast, 
pCAP cases identified using all tests were more likely to 
have been admitted to ICU (p=0.000) and to require 
mechanical ventilation (p=0.000) (online supplementary 
table S8).

Risk factors for serious outcomes or death
For non-pCAP cases, increasing age (p<0.001), male 
gender (p<0.001) and compromised immune status 
(p<0.001) were significant predictors of 30-day mortality 
(online supplementary table S9). The models were not 
powered to identify risk factors for death for pCAP. The 
risk of ICU admission or need for mechanical ventila-
tion decreased with age for non-pCAP and pCAP cases. 
Receipt of antibiotics within 4 hours of admission was 
used as proxy of severity on admission rather than a risk 
factor, but was included in the model.7 8

Discussion
Characterising the burden of pCAP by age, as well as iden-
tifying populations at risk, is important to inform recom-
mendations on pneumococcal vaccines. In Canada, 
PPV23 has been recommended for adults aged ≥65 years 
and funded in most provinces since the mid-1990s, and 
PCV13 was recommended in 2016 for individual use in 
adults aged ≥65 years, but remains unfunded.1 In this 
study, pCAP cases and pCAP cases attributed to PCV13 
serotypes were stratified by age, given there is interest 

and use of PCV13 in adults aged ≥50 years in other coun-
tries.20–22 26–30 These data could also inform age-based 
PPV23 recommendations in Canada (as all PCV13 sero-
types except 6A are also covered by PPV23). This study 
presents several lines of evidence that adults 50–64 years 
of age contribute significantly to the burden of pCAP and 
argues the value of immunising healthy adults aged ≥50 
years.

First, the economic impact of CAP is primarily driven by 
hospitalisations and deaths.4 Adults aged ≥65 years repre-
sented only 67% of deaths attributed to pCAP, 43% of the 
ICU admissions and 43% of patients requiring mechan-
ical ventilation (table 1). Adults 50–64 years contributed 
significantly to the burden of pCAP disease with 30.8% of 
pCAP hospitalisations, 22.8% of pCAP deaths, 37.0% of 
pCAP cases requiring ICU admission and 36.6% of those 
requiring mechanical ventilation. Adults aged 16–49 
years represented 10.0% of pCAP deaths, 20.2% of ICU 
admissions and 20.1% of pCAP cases requiring mechan-
ical ventilation. Second, of the pCAP cases identified 
(figure 2 and online supplementary table S2) and pCAP 
cases attributed to PCV13 serotypes (figure 3 and online 
supplementary table S5), adults aged ≥65 years represent 
less than half (47.1% and 41.4%, respectively). Adults 
aged 50–64 years represented 30.8% of pCAP and 33.0% 
of PCV13 pCAP. Adults aged 16–49 years represented 
22.0% and 25.6%, respectively. Finally, incidence rates 
for pCAP and pCAP attributed to PCV13 serotypes were 
highest in adults aged ≥65 years (figures  2 and 3, and 
online supplementary tables S3, S4 and S6). The inci-
dence rates for adults aged 16–49 years were the lowest, 
at approximately 10-fold less than adults aged ≥65 years 
for any of the study years. With the low incidence rates in 
adults aged 16–49 years and their smaller contributions 
to the burden of illness, a recommendation of pneumo-
coccal vaccines for all immune competent adults seems 
unjustified. However, the observed high incidence rates 
and burden of illness in adults aged 50–64 years suggests 
that expanding the age-based recommendation for pneu-
mococcal vaccination to include adults aged 50–64 years 
would provide optimal protection. Over 90% adults 50–64 
years had at least one comorbidity (table 1) placing them 
at risk for pneumococcal disease27 31–34 and would there-
fore be recommended to receive PPV23 under current 
immunisation programmes, yet only 45% of adults 
hospitalised with CAP in this age group had been vacci-
nated. Similarly, 27% of hospitalised adults aged 50–64 
years were immunocompromised and therefore would 
be recommended to receive both PCV13 and PPV23 in 
current Canadian guidelines.1 Despite this, only 3.5% of 
adults had received PCV13 (table 1). Shifting from risk-
based to age-based immunisation recommendations in 
adults aged 50–64 years may facilitate improved uptake in 
both healthy adults and adults with comorbidities, putting 
them at higher risk for pnuemococcal disease.31 32 In 
Spain, adults aged 60–64 years with medical comorbidi-
ties were almost twice as likely to receive influenza vaccine 
in a region in which the age-based recommendation for 
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influenza vaccination was expanded to include adults 
aged 60 years and older, compared with other regions of 
the country in which age-based recommendations began 
at age 65 years and younger adults were recommended to 
receive vaccine based on risk due to presence of comor-
bidities.31 Similarly, introduction of a universal influenza 
immunisation programme in the Canadian province of 
Ontario in 2000 resulted in a more than doubling of the 
immunisation coverage rate (from 18% in the period 
of targeted vaccine recommendations to 42% following 
implementation of a universal programme for all Ontar-
ians older than 6 months).32 Notably, the largest increases 
in coverage were observed in adults aged 50–64 years 
and in people with underlying comorbidities.32 Overall, 
expansion of pneumococcal immunisation recommen-
dations in Canada to include adults aged ≥50 years would 
capture 78.0% of pCAP cases, 74.4% of pCAP attributed 
to PCV13 serotypes, 90% of pCAP deaths, 79.8% of pCAP 
ICU admissions, 79.9% of pCAP cases requiring mechan-
ical ventilation, and may be associated with improved 
vaccine coverage rates among high-risk adults.

In this study, the incidence rates for pCAP in hospital-
ised adults varied by year and increased with age, which 
is consistent with trends described for pCAP and IPD in 
other countries.5 6 15 21 29 30 Comparing pCAP incidence 
rates between countries is challenging, given differences 
in methodologies, the timing and impact of pneumo-
coccal immunisation programmes, or differences in the 
patient population; however, it is of interest that inci-
dence rates for pCAP in this study were much higher than 
previously recognised in hospitalised Canadian adults.4 9 
The prior Canadian studies4 9 used S. pneumoniae-specific 
International Classification of Diseases, 10th Revision 
(ICD-10) codes to capture pCAP, retrospectively, but 
these codes only capture a small subset of cases when 
testing occurred as standard of care because the use of 
empiric antibiotics obviates the need to pursue the aeti-
ology of CAP in most cases. In this study, validated ICD-10 
codes33 for adult hospitalisation with CAP were used 
to provide a denominator for incidence rates, and the 
contribution of pCAP to CAP was assessed with prospec-
tive disease surveillance.7 8 The prospective identification 
of CAP cases and active engagement of study staff with 
clinicians to encourage collection of blood and sputum 
cultures, as well as urine for antigen detection among 
both bacteraemic and non-bacteraemic pCAP cases in this 
study provided a much more complete assessment of the 
contribution of S. pneumoniae to hospitalised CAP than 
would typically be achieved through standard care.7 8 The 
benefits of the PCV13 ssUAD was particularly evident, as 
it identified many PCV13 pCAP cases that would other-
wise have been missed by IPD surveillance.7 8 10–12 19 23–27 
While PCV13 ssUAD had benefits, the contributions of 
non-PCV13 serotypes and non-vaccine serotypes were 
under-represented, as they were only identified from 
blood or sputum culture. A 24-valent ssUAD was recently 
described that can also detect PPV23 (non-PCV13) sero-
types,29 but it was not available at the time of this study.

While pCAP incidence rates were higher than previ-
ously recognised in Canada, the burden of pCAP likely 
remains underestimated. Only 14% of CAP patients had 
all diagnostic tests for S. pneumoniae performed, and 
76% had at least one test (online supplementary table 
S1). Due to the incomplete testing, a proportion of 
pCAP cases in all age cohorts would have been misclas-
sified as non-pCAP, and this would underestimate pCAP 
disease. This may be most marked in the oldest age 
groups as a decline in testing for S. pneumoniae with age 
was observed with a resultant reduction in the proportion 
of CAP attributed to pCAP as age increased (figure 1). 
Reasons for decreased testing with age are likely multi-
factorial. It is possible that goals of care in older adults 
with CAP would less likely include aggressive pursuit of 
an aetiological diagnosis of CAP.34 Higher mortality in 
older adults may have precluded testing for S. pneumoniae 
(table 1).9 21 27 29 34–37 Alternatively, with comorbidities or 
immune compromising conditions increasing with age 
(table 1), older adults might have a lower threshold for 
hospitalisation and may not require as extensive labora-
tory investigations for patient management.34 37 Regard-
less, the methods used in this study were consistent 
throughout the study years. These limitations, among 
others (ie, missing demographic data in some patients), 
are similar to those of other studies of pneumococcal 
disease epidemiology.38

The strengths of this study include its prospective 
design, with specimen and data collection performed in 
several adult hospitals across five provinces. The timing 
spanned a 5-year period following introduction of PCV13 
into Canadian childhood immunisation programmes, 
which were implemented in all provinces by 2010. In this 
period, herd effects were anticipated in adults.1 7 8 Consis-
tent with the previously reported proportion of PCV13 
serotypes over time in hospitalised adults,8 this study 
showed a significant decline in the incidence rates of sero-
types 7F and 19A, along with the persistence of serotype 
3 (figure 4). Similar trends were seen in all age cohorts 
and are consistent with national IPD surveillance5 6 and 
other recent studies.14 29 39 Many potential reasons for 
the persistence of serotype 3 have been proposed.8 14 29 40 
However, there is evidence that direct PCV13 immunisa-
tion of healthy adults aged ≥65 years is effective against 
PCV13 serotypes, including serotype 3.16 40 It remains to 
be seen whether direct PCV13 immunisation of adults will 
help reduce the remaining burden of pCAP in Canadian 
adults. With lack of provincial funding, PCV13 uptake 
in adults has been low to date. Recently, both NACI and 
the Advisory Committee on Immunisation Practices in 
the USA cited a high economic cost and minimal public 
health benefit of PCV13 due to the low remaining disease 
burden of PCV13 serotypes in adults aged ≥65 years.1 41 
In more recent years, national IPD surveillance showed 
further decline in PCV13 serotypes (except serotype 3).5 
However, this retrospective surveillance focused on IPD 
would miss many pCAP cases, as the collection of sputum 
and urine is not standard of care, and blood cultures are 
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not consistently performed in all CAP cases. As this study 
spanned years 2010–2015, ongoing prospective surveil-
lance is required to assess more recent trends in pneu-
mococcal disease.

Overall, this study demonstrated that the burden of 
pCAP was greater than previously recognised, and a signif-
icant proportion of the burden of pCAP was attributed to 
adults aged 50–64 years. Expansion of age-based pneumo-
coccal vaccine recommendations to include adults aged 
≥50 years should be considered to optimise the impacts 
of pneumococcal vaccination programmes.
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