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Background: As pneumococci evolve under vaccine, antimicrobial and other selective pressures, it is important 
to track isolates covered by established (PCV10, PCV13 and PPSV23) and new (PCV15 and PCV20) vaccine 
formulations. 

Objectives: To compare invasive pneumococcal disease (IPD) isolates from serotypes covered by PCV10, PCV13, 
PCV15, PCV20 and PPSV23, collected in Canada from 2011 to 2020, by demographic category and antimicrobial 
resistance phenotype. 

Methods: IPD isolates from the SAVE study were initially collected by members of the Canadian Public Health 
Laboratory Network (CPHLN) as part of a collaboration between the Canadian Antimicrobial Resistance 
Alliance (CARA) and the Public Health Agency of Canada (PHAC). Serotypes were determined by quellung reac
tion, and antimicrobial susceptibility testing was performed using the CLSI broth microdilution method. 

Results: A total of 14 138 invasive isolates were collected from 2011 to 2020, with 30.7% of isolates covered by 
the PCV13 vaccine, 43.6% of isolates covered by the PCV15 vaccine (including 12.9% non-PCV13 serotypes 22F 
and 33F), and 62.6% of isolates covered by the PCV20 vaccine (including 19.0% non-PCV15 serotypes 8, 10A, 
11A, 12F and 15B/C). Non-PCV20 serotypes 2, 9N, 17F and 20, but not 6A (present in PPSV23) represented 
8.8% of all IPD isolates. Higher-valency vaccine formulations covered significantly more isolates by age, sex, re
gion and resistance phenotype including MDR isolates. Coverage of XDR isolates did not significantly differ be
tween vaccine formulations. 

Conclusions: When compared with PCV13 and PCV15, PCV20 covered significantly more IPD isolates stratified by 
patient age, region, sex, individual antimicrobial resistance phenotypes and MDR phenotype.

Introduction
Pneumococcal vaccines have proven effective in preventing se
vere pneumonia and invasive pneumococcal disease (IPD), espe
cially in those most at risk (i.e. children <2 years of age and adults 
>65 years of age), and have reduced the usage of antimicrobials.1

Since 1983, in Canada and in many other countries, the 23-valent 
polysaccharide vaccine (PPSV23, Pneumovax®) has been used to 
vaccinate adults and children >2 years of age. However, polysac
charide vaccines suffer from limitations, including poor suitability 
for use in infants and a humoral response of relatively short 

duration, primarily because polysaccharide vaccines stimulate B 
cells to become short-lived antibody-producing plasma cells.2

In 2000, the first pneumococcal conjugated vaccine (PCV7, 
Prevnar®) was introduced. It provided stronger and more long- 
lasting protection than polysaccharide vaccines via stimulation 
of prolonged memory T helper cells. PCV7 covered 7 of the 23 ser
otypes contained in PPSV23, including serotypes 4, 6B, 9V, 
14, 18C, 19F and 23F.3 PCV10 (Synflorix®), a formulation protect
ing against the PCV7 serotypes and an additional three serotypes 
(3, 6A and 19A) became available in 2009. It is still used in many 
countries although a newer 13-valent Prevnar® formulation 
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(PCV13) is also available. PCV10 and PCV13 have now largely re
placed the 7-valent formulation.4 PCV13 includes one serotype 
(6A) that is not included in the PPSV23 formulation, although 
6B coverage provided by earlier vaccines has been reported to 
provide some cross-protection against 6A.5

Until recently, in the USA and Canada, PCV13 was the recom
mended vaccine for routine infant immunization as well as for 
persons aged >65 years and individuals aged 18 to 64 years 
with specific risk factors.6 Fifteen-valent (PCV15, Vaxneuvance®) 
and 20-valent (PCV20, Prevnar®-20) conjugate vaccine formula
tions have recently been developed and approved for use in the 
USA and Canada.7,8 In 2021, the US Advisory Committee on 
Immunization Practices (ACIP) recommended the use of PCV15 
(followed by PPSV23) or PCV20 in PCV-naive adults aged 
≥65 years or ≥18 years with certain underlying conditions.7

Canada’s National Advisory Committee on Immunization (NACI) 
made a preferential recommendation of a single dose of PCV20, 
reserving PCV15 (followed by PPSV23) only when PCV20 is not 
available for individuals in three patient groups: ≥65 years old, 
50–64 years old with risk factors and ≥18 years old with immuno
compromising conditions.7

Understanding the current distribution and dynamics of sero
types contained in existing vaccine formulations will help to predict 
the effects of newly introduced formulations on the additional ser
otypes included. Therefore, the purpose of this study was to com
pare the number and proportion of IPD isolates collected in 
Canada from 2011 to 2020 belonging to serotypes covered by 
PCV10, PCV13, PCV15, PCV20 and PPSV23 vaccine formulations.

Materials and methods
Bacterial isolates
The Canadian Antimicrobial Resistance Alliance (CARA), in collaboration 
with the Public Health Agency of Canada—National Microbiology 

Laboratory (PHAC-NML), received Streptococcus pneumoniae isolates 
from sterile sites, initially collected by Canadian public health laboratories 
affiliated to the Canadian Public Health Laboratory Network (CPHLN), and 
forwarded to PHAC-NML. After permission was received from submitting 
CPHLN sites by PHAC-NML (as detailed in the Acknowledgements section), 
the S. pneumoniae isolates were forwarded to CARA for testing, as previ
ously described.9

Serotyping
Serotyping was performed using the quellung reaction with pool/group/ 
type/factor commercial antisera (SSI Diagnostica; Statens Serum 
Institute, Copenhagen, Denmark), as previously described.9

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed using custom- 
designed, broth microdilution panels produced in-house using CLSI 
standard methods, including quality control, as previously described.9,10

Isolates were classified as susceptible, intermediate and resistant ac
cording to CLSI breakpoints for seven antimicrobials: chloramphenicol, 
clindamycin, clarithromycin, doxycycline, levofloxacin, penicillin and tri
methoprim/sulfamethoxazole. Non-susceptible (NS) isolates were de
fined as a combination of intermediate and resistant phenotypes. MDR 
was defined as being resistant to three or more antimicrobial classes 
and XDR isolates defined as being resistant to five or more antimicrobial 
classes. Penicillin resistance was defined as MIC ≥ 2 mg/L.9

Statistical analysis
Figures were generated using custom Python and R scripts. Sphere plots 
were generated with the matplotlib package, where sphere size is propor
tional to total isolates and colour indicates number of isolates relative to 
totals of each age group or antimicrobial non-susceptibility phenotype. 
Dark red signifies the top of the group range while dark blue signifies 
the bottom of the group range. Statistically significant differences (P <  
0.05) in vaccine coverage of isolates by demographic category and cover
age of MDR by PCV13 versus PCV15 and PCV15 versus PCV20 was 

Figure 1. Coverage of SAVE isolates by PCV10, PCV13, PCV15, PCV20 and PPSV23 serotypes over time, by age group, region and biological sex. *For visual 
clarity of stacked bars, PPSV23 coverage includes a small number of serotype 6A isolates, which are covered by the other formulations, but not covered by 
PPSV23. PCV, pneumococcal conjugate vaccine; PPSV, pneumococcal polysaccharide vaccine. Isolates with missing values for age (n = 245; 1.7%) and sex 
(n = 663; 4.7%) are not shown. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 2. Comparison of time series for PCV10-, PCV13-, PCV15-, PCV20- and PPSV23-unique serotypes, by age group [n = 13 893, isolates with missing 
age information (n = 245) not shown]. Each sphere (size and shade) represents the number of isolates for each combination of vaccine formulation, 
age group and year. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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determined using the two-tailed Fisher’s exact test (a = 0.05), using cus
tom scripts in R.

Results
A total of 14 ,138 invasive isolates of S. pneumoniae were col
lected as part of the SAVE study from 2011 to 2020, Patient 
age and gender were available for most isolates, with 245 miss
ing values for age (1.7%) and 663 missing values for gender 
(4.7%). Overall, isolates with serotypes covered by PCV10 and 
PCV13 vaccine formulations made up 14% and 31% of isolates, 
respectively (Figure 1). As depicted in Figure 1, isolates with ser
otypes covered by PCV10 and PCV13 vaccine formulations varied 

by study year, age group and geographic region, but not biologic
al sex. Overall, isolates with serotypes covered by PCV15 and 
PCV20 vaccine formulations made up 43.5% and 62.6% of iso
lates, respectively (Figure 1), which also varied by study year, 
age group and geographic region, but not biological sex. 
Overall, isolates with serotypes covered by PPSV23 represented 
72% of all isolates, with the proportion of PPSV23-unique sero
types increasing over time (Figure 1). In addition, non-vaccine 
serotypes (NVSs) appeared to increase in prevalence over time 
except in 2020 (Figure 1).

For those aged 65 years and older, the number of isolates with 
serotypes covered by vaccine formulations was consistent over 
time, with an increase in the number of isolates with NVS, 

Table 1. Proportion of invasive S. pneumoniae isolates with PCV13, PCV15 or PCV20 serotypes by age, geographic region and biological sex

Category (n)
Proportion of isolates with vaccine serotype, n (%) P value

PCV13 PCV15 PCV20 PCV13 versus PCV15 PCV15 versus PCV20

All S. pneumoniae (14 138) 4334 (30.7) 6155 (43.5) 8844 (62.6) <0.0001 <0.0001
Age group (years) (n)a

0 to <1 (369) 97 (26.3) 148 (40.1) 233 (63.1) <0.0001 <0.0001
1 to <2 (412) 66 (16.0) 156 (37.9) 263 (63.8) <0.0001 <0.0001
2 to <6 (550) 187 (34.0) 269 (48.9) 372 (67.6) <0.0001 <0.0001
6 to <18 (397) 146 (36.8) 194 (48.9) 273 (68.8) 0.0007 <0.0001
18 to <50 (2845) 1023 (36.0) 1303 (45.8) 2022 (71.1) <0.0001 <0.0001
50 to <65 (3884) 1291 (33.2) 1742 (44.9) 2473 (63.6) <0.0001 <0.0001
≥65 (5436) 1426 (26.2) 2215 (40.7) 3047 (56.1) <0.0001 <0.0001

Regionb

Western (3045) 763 (25.1) 1102 (36.2) 1983 (65.1) <0.0001 <0.0001
Central (9626) 3094 (32.1) 4363 (45.3) 5949 (61.8) <0.0001 <0.0001
Eastern (1467) 477 (32.5) 690 (47.0) 912 (62.2) <0.0001 <0.0001

Biological sexa

Female (6107) 1830 (30.0) 2673 (43.8) 3792 (62.1) <0.0001 <0.0001
Male (7368) 2279 (30.9) 3162 (42.9) 4618 (62.7) <0.0001 <0.0001

aMissing values for age (n = 245; 1.7%) and biological sex (n = 663; 4.7%) not shown. 
bWestern Canada includes Saskatchewan and Manitoba; Central Canada includes Ontario and Quebec; Eastern Canada includes Newfoundland and 
Labrador, Nova Scotia, Prince Edward Island and New Brunswick.

Table 2. Proportion of invasive S. pneumoniae isolates with PCV13, PCV15 or PCV20 serotypes by antimicrobial resistance phenotype

Category (n)
Proportion of isolates with vaccine serotype, n (%) P value

PCV13 PCV15 PCV20 PCV13 versus PCV15 PCV15 versus PCV20

All S. pneumoniae (14 138) 4334 (30.7) 6155 (43.5) 8844 (62.6) <0.0001 <0.0001
Clarithromycin-NS (3352) 9,55 (28.5) 1831 (54.6) 2516 (75.1) <0.0001 <0.0001
Doxycycline-NS (1407) 634 (45.1) 705 (50.1) 822 (58.4) 0.0082 <0.0001
Penicillin-NSa (1558) 516 (33.1) 527 (33.8) 596 (38.3) — 0.0362
SXT-NS (1808) 537 (29.7) 968 (53.5) 1266 (70.0) <0.0001 <0.0001
MDR (902) 433 (48.0) 481 (53.3) 537 (59.5) 0.0268 0.0176
XDR (215) 188 (87.4) 192 (89.3) 204 (91.2) — —

MDR and XDR defined as resistance to three or more and five or more antimicrobial classes, respectively. —, not significant; SXT, trimethoprim/sulfa
methoxazole. 
aOral penicillin V breakpoints (NS, MIC ≥0.12 mg/L).
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especially during 2017 to 2019 (Figure 2). A similar increase in 
NVS isolates was observed in those aged 50–64 years, along 
with a modest increase in isolates with PCV20 serotypes in 
2018–19. For those aged 18–49 years, isolates with PCV13 and 
PCV20 serotypes also increased in 2018–20. For younger age 
groups (<1, 1, 2–5 and 6–17 years), a small number of isolates 
from all vaccine coverage groups were observed during the study 
time period, with little variation over time. No isolates from PCV10 
serotypes were found in those aged 1 year between 2017 and 
2019, with a small number observed in 2020, even though fewer 
isolates were submitted that year (Figure 2).

PCV15 and PCV20 provided significantly greater coverage of 
IPD isolates than PCV10 and PCV13 in both males and females, 
all age groups, all geographic regions (Table 1) and in 
antimicrobial-resistant phenotypes, including MDR phenotypes 
(Table 2). Non-PCV13 serotypes 22F and 33F (in PCV15) repre
sented 12.9% of all IPD serotypes, while non-PCV15 serotypes 

8, 10A, 11A, 12F and 15B/C (in PCV20) represented 19.0% of all 
IPD serotypes (Table 1, Figure 1, Figure 3a and b). Non-PCV20 ser
otypes 2, 9N, 17F and 20 (but not 6A, which is not covered by 
PPSV23) represented 8.8% of all IPD serotypes (Figure 1). While 
higher-valency vaccine formulations covered significantly more 
isolates across demographic categories, serotype coverage of 
XDR isolates did not significantly differ between PCV13, PCV15 
and PCV20 (Table 2). When considering the serotypes that 
make up each additional vaccine formulation (3, 6A and 19A in 
PCV13; 22F and 33F in PCV15; and 8, 10A, 11A, 12F and 15BC in 
PCV20), most have remained at similar proportions in each year 
of the study with some exceptions (Figure 3a and b). Serotype 
19A (PCV13) isolates have decreased in proportion relative to to
tal isolates each year, from 13% in 2011% to 3% in 2020 
(Figure 3a), while serotype 8 (PCV20) isolates have increased in 
proportion over time, from 3% in 2011% to 8% in 2020 
(Figure 3b).

Figure 3. Coverage of SAVE isolates by specific PCV13, PCV15 and PCV20 serotypes over time, by age group, region and sex. (a) Coverage by PCV13 
serotypes 3, 6A and 19A, and PCV15 serotypes 22F and 33F. (b) Coverage by PCV20 serotypes 8, 10A, 11A, 12F and 15BC. PCV, pneumococcal conjugate 
vaccine. Isolates with missing values for age (n = 245; 1.7%) and sex (n = 663; 4.7%) are not shown. This figure appears in colour in the online version of 
JAC and in black and white in the print version of JAC.

Vaccine coverage of S. pneumoniae isolates: SAVE, 2011–20                                                                          

i41

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/78/Supplem

ent_1/i37/7147766 by U
niversity of M

anitoba user on 22 June 2023



PCV13 serotype 19A and PCV15 serotype 33F isolates made up 
a higher proportion of isolates in younger age groups (Figure 3a), 
as did PCV20 serotype 10A and 15B/C isolates (Figure 3b). PCV20 
serotypes 8 and 12F isolates made up the highest proportion of 
isolates from patients aged 18–49 years (Figure 3b). Patients 
aged 1 year had the lowest proportion of isolates with PCV13 
serotype 3 (3%, compared with 7%–12% for other age groups) 
and PCV20 serotype 8 (1%, compared with 2%–8% for other 

age groups). The proportion of isolates with any PCV13 or 
PCV15 serotype was lower in western Canada compared with 
central and eastern Canada (Figure 3a), while PCV20 serotypes 
8 and 12F were higher in western Canada (Figure 3a).

Isolates with PCV13 serotype 3 have increased over time in 
those aged 65 years and older, as well as in those aged 50–64 
and 18–49 years, while serotype 19A has decreased marginally 
in both age groups (Figure 4a). PCV15 serotype 22F isolates 

Figure 4. Comparison of time series for specific PCV13, PCV15 and PCV20 serotypes, by age group [n = 13 893, isolates with missing age information 
(n = 245) not shown]. Each sphere (size and shade) represents the number of isolates for each combination of serotype, age group and year. This figure 
appears in colour in the online version of JAC and in black and white in the print version of JAC.
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have also increased in those aged 65 years and older and to a 
lesser extent in those aged 50–64 years (Figure 4a). Increases 
in isolates with PCV20 serotypes 8, 11A and 15B/C were seen in 
those aged 65 years and older, while serotype 8 and serotype 
12F isolates both increased among those aged 50–64 years 
and especially among those aged 18–49 years (Figure 4a).

In younger age groups, isolate numbers were smaller and 
fewer trends over time were observed. In patients aged 1 year 
and 2–5 years, PCV13 serotype 19A isolates were infrequent fol
lowing the decreases observed between 2011 and 2013 
(Figure 4a). An increase in PCV15 serotype 22F isolates among 
those aged 6–17 years was seen from 2017 to 2019, although 
no 22F isolates were detected in this age group in 2020 
(Figure 4a). For PCV20, an increase in serotype 15B/C was ob
served in patients aged 2–5 years from 2016 to 2019, with a 
smaller number of isolates observed in 2020 (Figure 4b).

Clarithromycin- and trimethoprim/sulfamethoxazole-NS iso
lates commonly belonged to PCV15- and PCV20-unique sero
types (Figure 5). Among NVS isolates, the most common NS 
phenotype was penicillin-NS (60% of isolates), followed by 
levofloxacin-NS (44%) (Figure 5). Isolates that were NS to doxy
cycline, clindamycin or chloramphenicol had the highest propor
tion belonging to PCV13-unique serotypes (31%–42%), while 
levofloxacin-NS isolates had the highest proportion belonging 
to PCV10 serotypes, at 20% (Figure 5).

Compared with antimicrobial-susceptible isolates, isolates re
sistant to a single antimicrobial class were represented in higher 

proportions of PCV15-unique (31% versus 9% of non-resistant iso
lates) and PCV20-unique (27% versus 19%) serotypes, while iso
lates resistant to three classes of antimicrobials had the highest 
proportion of NVSs (59%) (Figure 5). Isolates resistant to two classes 
of antimicrobials also had a higher proportion of PCV13-unique ser
otypes relative to susceptible isolates (28% versus 15%). Isolates re
sistant to four, five or six classes of antimicrobials consisted of 
higher proportions of PCV10 (16%–50%) and PCV13-unique 
(31%–72%) serotypes. Those resistant to five or six classes of anti
microbials had the lowest representation of NVS (4%–5%) and none 
belonged to serotypes unique to PPSV23 (Figure 5).

The majority of PCV13-unique isolates resistant to five anti
microbial classes, and with the second most commonly observed 
resistance pattern (clarithromycin, clindamycin, doxycycline, 
penicillin and trimethoprim/sulfamethoxazole) (Figure 5), be
longed to serotype 19A, which has declined in numbers in all 
age groups over the study period (Figure 4a).

NVSs accounted for the highest proportion (69%) of the isolates 
with the most commonly observed resistance pattern (resistance to 
clarithromycin, clindamycin and doxycycline) (Figure 5). Isolates 
with dual resistance to clarithromycin and trimethoprim/sulfa
methoxazole had higher proportions that belonged to PCV15- 
(38%) and PCV20-unique (20%) serotypes, while isolates with 
dual resistance to clarithromycin and clindamycin had only small 
proportions of PCV15-/PCV20-unique serotypes (<8% for both for
mulations) and a high proportion of NVS isolates (59%) (Figure 5). 
A high proportion of isolates resistant to chloramphenicol, 

Figure 5. Coverage of antimicrobial-NS, resistant and multiresistant SAVE isolates by PCV10, PCV13, PCV15, PCV20 and PPSV23 serotypes. *For visual 
clarity of stacked bars, PPSV23 coverage includes a small number of serotype 6B isolates, which are covered by the other formulations, but not covered 
by PPSV23. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC. PCV, pneumococcal conjugate 
vaccine; PPSV, pneumococcal polysaccharide vaccine, CLR, clarithromycin; DOX, doxycycline; PEN, penicillin; SXT, trimethoprim/sulfamethoxazole; CLI, 
clindamycin; CHL, chloramphenicol; LVX, levofloxacin.
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Figure 6. Comparison of time series for PCV10, PCV13, PCV15, PCV20 and PPSV23 serotypes, by antimicrobial non-susceptibility (including intermedi
ate and resistant phenotypes). Each sphere (size and shade) represents the number of isolates for each combination of vaccine formulation, resistance 
phenotype and year. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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clarithromycin, clindamycin and doxycycline also belonged to 
PCV15-unique serotypes (35%). Isolates with dual resistance to 
doxycycline and chloramphenicol or doxycycline and trimetho
prim/sulfamethoxazole had high proportions that belonged to 
PCV13-unique serotypes (45% and 81% respectively) (Figure 5).

The number of antimicrobial-NS isolates with NVSs increased in 
the 2017–19 period, particularly for penicillin-NS isolates, but also 
for clarithromycin-, trimethoprim/sulfamethoxazole-, doxycycline- 
or clindamycin-NS isolates (Figure 6). Over the same period, the 
number of NS isolates with PCV15-unique serotypes also increased, 
particularly for clarithromycin but also for trimethoprim/sulfameth
oxazole (Figure 6). NS isolates with PCV13-unique serotypes fol
lowed a similar time series pattern for clarithromycin, doxycycline 
and clindamycin non-susceptibility, with higher numbers in 2011, 
reductions over the 2012–17 period and an increase in 2018. This 
was the most frequently observed resistance pattern among iso
lates resistant to two or more antimicrobials (Figure 5). A significantly 
higher proportion of clarithromycin-, doxycycline- and trimethoprim/ 
sulfamethoxazole-NS and MDR IPD isolates in Canada were sero
types unique to PCV15 and PCV20 compared with PCV13-unique 
serotypes (Figure 5, Table 2).

Discussion
This comparative study highlights the dynamics of IPD isolate sero
types in Canada over 10 years, and their coverage by well- 
established vaccines and new vaccine formulations that target 
non-vaccine serotypes of increasing concern. The introduction of 
conjugate vaccine formulations has greatly reduced the incidence 
of disease caused by vaccine serotypes in many countries, particu
larly in the very young, accompanied by a rise in the incidence of dis
ease caused by NVSs in older age groups.10–13 This divergence may 
limit the long-term herd effects of childhood vaccination pro
grammes as a strategy to protect the elderly.14 It is critical to under
stand the spread and evolution of pneumococcal vaccine serotypes 
as vaccine formulations with expanded coverage become available 
in North America, Europe and across the world.

The global reduction in IPD since the introduction of conju
gated vaccines, particularly in young children, is an example of 
successful public investment in prevention of illness and anti
microbial resistance.15 Inevitably, reduction of the major 
IPD-causing serotypes subsequent to introduction of vaccines 
has been accompanied by an increase in NVSs such as 19A caus
ing severe disease.16,17 Our national results are consistent with 
recently published multi-site data from the USA, where a similar 
decrease in PCV13 (including PCV10) serotypes and an increase in 
PCV15-, PCV20- and PPSV23-unique serotypes was observed in 
the period from 2009 to 2017.18

Many pathogen and host factors predispose to severe S. pneu
moniae infections and progression to invasive disease, with spe
cific serotypes such as PCV13 serotypes 3 and 19A associated 
with severe outcomes such as septic shock, respiratory failure 
and higher mortality.2,19,20 Serotype is one of the main predictors 
of S. pneumoniae infection severity; however, the impact of vac
cine formulations on serotype distribution through expansion of 
NVSs and/or capsular switching has been highly variable around 
the world.17 For example, direct and indirect protection by PCV13 
against infection by serotype 3 has been limited,14,15,21 with ris
ing rates of infections with serotype 3 observed globally. In the 

SAVE study, serotype 3 infections occurred in all age groups but 
increased in adults, particularly in the oldest age groups (those 
50 years and older) (Figure 4a), indicating a lack of direct or indir
ect protection of older adults against this PCV13 serotype in the 
time period covered by this study.

In the UK, PCV20 serotypes 8 and 12F and PPSV23 serotype 9N 
demonstrated the greatest increase in the post-PCV13 era,12

consistent with our data. Also consistent with our report, recent 
surveillance data from Canada demonstrated increases in 
PCV10 serotype 4, PCV13 serotype 3, and PCV20 serotypes 8 
and 12F.22 Our group has previously shown that PCV15 serotypes 
22F and 33F isolates were of increasing concern in the period 
from 2011 to 2018,23,24 a trend that the current study confirmed, 
with increases of 22F isolates in older children and adults (6–17, 
18–49, 50–64 and ≥65 years) and increases in 33F isolates, espe
cially in those aged 65 years and older (Figure 4a).

Vaccination with lower-valent formulations such as PCV7 or 
PCV10 has been shown to offer some protection against sero
types of concern that were not included in these formulations. 
For example, initial protection against serotype 19A by PCV7 
and PCV10 was demonstrated in several locations around the 
world; however, the use of PCV7 and PCV10 was followed by an 
increase in frequency of MDR serotype 19A infections.25 After 
widespread introduction of the PCV13 formulation, which in
cludes serotype 19A, many jurisdictions demonstrated a reduc
tion in both nasopharyngeal carriage and invasive disease 
caused by serotype 19A.18,25 In the SAVE study, the number 
and proportion of isolates belonging to serotype 19A fell from 
highs observed in several age groups in 2011 and remained low 
throughout the current study period (Figure 4a).

Diversification of serotypes causing IPD worldwide may re
duce the utility of increasing vaccine valency as a strategy to im
prove future formulations,16 therefore, alternative approaches 
are required as serotype evolution continues. A vaccine providing 
universal protection against all serotypes would circumvent the 
problem of shifting patterns of serotype predominance and sero
type switching due to the effects of vaccination and antimicrobial 
use. Several candidate targets are under investigation.26

A limitation of this study is the lack of representation of Western 
Canada’s two largest provinces, Alberta and British Columbia, miti
gating any conclusions drawn from regional comparisons including 
Western Canada. As well, a lower total of isolates collected in 2020 
relative to earlier years is likely explained by disruptions experienced 
due to COVID-19, and not a true drop in incidence.

In summary, new higher-valency conjugated vaccines PCV15 
and PCV20 provided significantly greater coverage of IPD than 
PCV10 and PCV13 across all demographic categories, and various 
antimicrobial resistance phenotypes including MDR serotypes. 
From 2011 to 2020, the SAVE study showed that PCV15 vaccine 
coverage was 43.5%, PCV20 coverage was 62.6% and PPSV23 
coverage was 71.3%. Individual vaccine coverage varied depend
ing on the year tested, patient age, geographic location and anti
microbial resistance phenotype.

Acknowledgements
CARA principal members include: Dr Heather Adam, Melanie Baxter, Dr 
Alyssa Golden, Dr James Karlowsky, Dr Philippe Lagacé-Wiens, Dr 
Andrew Walkty and Dr George Zhanel. We would like to thank the 

Vaccine coverage of S. pneumoniae isolates: SAVE, 2011–20                                                                          

i45

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/78/Supplem

ent_1/i37/7147766 by U
niversity of M

anitoba user on 22 June 2023



following Canadian Public Health Laboratory Network (CPHLN) laborator
ies for their participation in this study: Roy Romanow Provincial Laboratory; 
Regina, Saskatchewan; Cadham Provincial Laboratory, Winnipeg, 
Manitoba; Public Health Ontario Laboratories, Toronto, Ontario; 
Laboratoire de Santé Publique du Quebec, Ste-Anne-de-Bellevue, 
Quebec; Queen Elizabeth II Health Science Centre, Halifax, Nova Scotia; 
New Brunswick Regional Hospitals; Queen Elizabeth Hospital, 
Charlottetown, Prince Edward Island; and Newfoundland Public Health 
Laboratory, St. John’s, Newfoundland and Labrador.

Funding
The SAVE study was supported in part by the University of Manitoba; 
Shared Health Manitoba, the National Microbiology Laboratory-Public 
Health Agency of Canada (PHAC-NML); Merck Canada Inc. and Pfizer 
Canada Inc.

Transparency declarations
G.G.Z. has received research grants from Merck Canada Inc. and Pfizer 
Canada Inc. All other authors do not have conflicts to declare.

Disclaimer
The opinions expressed in this paper are those of the authors, and do not 
necessarily represent those of Merck Canada Inc. or Pfizer Canada Inc.

References
1 Ginsburg AS, Klugman KP. Vaccination to reduce antimicrobial resist
ance. Lancet Global Health 2017; 5: e1176–e7. https://doi.org/10.1016/ 
S2214-109X(17)30364-9
2 Scelfo C, Menzella F, Fontana M et al. Pneumonia and invasive pneumo
coccal diseases: the role of pneumococcal conjugate vaccine in the era of 
multi-drug resistance. Vaccines (Basel) 2021; 9: 420. https://doi.org/10. 
3390/vaccines9050420

3 Bettinger JA, Scheifele DW, Kellner JD et al. The effect of routine vaccin
ation on invasive pneumococcal infections in Canadian children, immun
ization monitoring program, active 2000–2007. Vaccine 2010; 28: 
2130–6. https://doi.org/10.1016/j.vaccine.2009.12.026
4 Desai S, McGeer A, Quach-Thanh C et al. Update on the use of conju
gate pneumococcal vaccines in childhood: an Advisory Committee 
Statement (ACS), National Advisory Committee on Immunization 
(NACI). Can Commun Dis Rep 2010; 36: 1–21. https://doi.org/10.14745/ 
ccdr.v36i00a12
5 Hausdorff WP, Hoet B, Schuerman L. Do pneumococcal conjugate vac
cines provide any cross-protection against serotype 19A? BMC Pediatr 
2010; 10: 4. https://doi.org/10.1186/1471-2431-10-4

6 Matanock A, Lee G, Gierke R et al. Use of 13-valent pneumococcal con
jugate vaccine and 23-valent pneumococcal polysaccharide vaccine 
among adults aged ≥65 years: updated recommendations of the 
Advisory Committee on Immunization Practices. Morb Mortal Wkly Rep 
2019; 68: 1069–75. https://doi.org/10.15585/mmwr.mm6846a5
7 Kobayashi M, Farrar JL, Gierke R et al. Use of 15-valent pneumococcal 
conjugate vaccine and 20-valent pneumococcal conjugate vaccine 
among U.S. adults: updated recommendations of the advisory commit
tee on immunization practices United States—2022. Morb Mortal Wkly 
Rep 2022; 71: 109–17. https://doi.org/10.15585/mmwr.mm7104a1
8 National Advisory Committee on Immunization. An Advisory 
Committee Statement (ACS): Public health level recommendations on 

the use of pneumococcal vaccines in adults, including the use of 
15-valent and 20-valent conjugate vaccines. 2023.
9 Hink RK, Adam HJ, Golden AR et al. Comparison of PCV-10 and PCV-13 
vaccine coverage for invasive pneumococcal isolates obtained across 
Canadian geographic regions, SAVE 2011 to 2017. Diagn Microbiol Infect 
Dis 2021; 99: 115282. https://doi.org/10.1016/j.diagmicrobio.2020. 
115282
10 Golden A, Griffith A, Demczuk W et al. Invasive pneumococcal disease 
surveillance in Canada, 2020. Can Commun Dis Rep 2022; 48: 396–406. 
https://doi.org/10.14745/ccdr.v48i09a04
11 Ben-Shimol S, Givon-Lavi N, Leibovitz E et al. Near-elimination of otitis 
media caused by 13-valent pneumococcal conjugate vaccine (PCV) sero
types in southern Israel shortly after sequential introduction of 7-valent/ 
13-valent PCV. Clin Infect Dis 2014; 59: 1724–32. https://doi.org/10.1093/ 
cid/ciu683
12 Ladhani SN, Collins S, Djennad A et al. Rapid increase in non-vaccine 
serotypes causing invasive pneumococcal disease in England and 
Wales, 2000–17: a prospective national observational cohort study. 
Lancet Infect Dis 2018; 18: 441–51. https://doi.org/10.1016/S1473- 
3099(18)30052-5
13 Vadlamudi NK, Chen A, Marra F. Impact of the 13-valent pneumococ
cal conjugate vaccine among adults: a systematic review and 
meta-analysis. Clin Infect Dis 2019; 69: 34–49. https://doi.org/10.1093/ 
cid/ciy872
14 Naucler P, Galanis I, Morfeldt E et al. Comparison of the impact of 
pneumococcal conjugate vaccine 10 or pneumococcal conjugate vaccine 
13 on invasive pneumococcal disease in equivalent populations. Clin 
Infect Dis 2017; 65: 1780–9. https://doi.org/10.1093/cid/cix685
15 Berman-Rosa M, O’Donnell S, Barker M et al. Efficacy and effectiveness 
of the PCV-10 and PCV-13 vaccines against invasive pneumococcal dis
ease. Pediatrics 2020; 145: e20190377. https://doi.org/10.1542/peds. 
2019-0377
16 Lochen A, Croucher NJ, Anderson RM. Divergent serotype replace
ment trends and increasing diversity in pneumococcal disease in high in
come settings reduce the benefit of expanding vaccine valency. Sci Rep 
2020; 10: 18977. https://doi.org/10.1038/s41598-020-75691-5
17 Levy C, Ouldali N, Caeymaex L et al. Diversity of serotype replacement 
after pneumococcal conjugate vaccine implementation in Europe. J 
Pediatr 2019; 213: 252–3. https://doi.org/10.1016/j.jpeds.2019.07.057
18 Suaya JA, Mendes RE, Sings HL et al. Streptococcus pneumoniae sero
type distribution and antimicrobial nonsusceptibility trends among adults 
with pneumonia in the United States, 2009–2017. J Infect 2020; 81: 
557–66. https://doi.org/10.1016/j.jinf.2020.07.035
19 Burgos J, Lujan M, Larrosa MN et al. Risk factors for respiratory failure 
in pneumococcal pneumonia: the importance of pneumococcal sero
types. Eur Respir J 2014; 43: 545–53. https://doi.org/10.1183/09031936. 
00050413
20 Forstner C, Kolditz M, Kesselmeier M et al. Pneumococcal conjugate 
serotype distribution and predominating role of serotype 3 in German 
adults with community-acquired pneumonia. Vaccine 2020; 38: 
1129–36. https://doi.org/10.1016/j.vaccine.2019.11.026
21 Principi N, Di Cara G, Bizzarri I et al. Prevention of invasive pneumococ
cal disease: problems emerged after some years of the 13-valent 
pneumococcal conjugate vaccine use. Curr Infect Dis Rep 2018; 20: 1. 
https://doi.org/10.1007/s11908-018-0607-z
22 Adam HJ, Golden AR, Karlowsky JA et al. Analysis of multidrug resist
ance in the predominant Streptococcus pneumoniae serotypes in Canada: 
the SAVE study, 2011–15. J Antimicrob Chemother 2018; 73: 12–9. https:// 
doi.org/10.1093/jac/dky158
23 Golden AR, Adam HJ, Zhanel GG et al. Invasive Streptococcus pneu
moniae in Canada, 2011–2014: characterization of new candidate 

Schellenberg et al.

i46

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/78/Supplem

ent_1/i37/7147766 by U
niversity of M

anitoba user on 22 June 2023

https://doi.org/10.1016/S2214-109X(17)30364-9
https://doi.org/10.1016/S2214-109X(17)30364-9
https://doi.org/10.3390/vaccines9050420
https://doi.org/10.3390/vaccines9050420
https://doi.org/10.1016/j.vaccine.2009.12.026
https://doi.org/10.14745/ccdr.v36i00a12
https://doi.org/10.14745/ccdr.v36i00a12
https://doi.org/10.1186/1471-2431-10-4
https://doi.org/10.15585/mmwr.mm6846a5
https://doi.org/10.15585/mmwr.mm7104a1
https://doi.org/10.1016/j.diagmicrobio.2020.115282
https://doi.org/10.1016/j.diagmicrobio.2020.115282
https://doi.org/10.14745/ccdr.v48i09a04
https://doi.org/10.1093/cid/ciu683
https://doi.org/10.1093/cid/ciu683
https://doi.org/10.1016/S1473-3099(18)30052-5
https://doi.org/10.1016/S1473-3099(18)30052-5
https://doi.org/10.1093/cid/ciy872
https://doi.org/10.1093/cid/ciy872
https://doi.org/10.1093/cid/cix685
https://doi.org/10.1542/peds.2019-0377
https://doi.org/10.1542/peds.2019-0377
https://doi.org/10.1038/s41598-020-75691-5
https://doi.org/10.1016/j.jpeds.2019.07.057
https://doi.org/10.1016/j.jinf.2020.07.035
https://doi.org/10.1183/09031936.00050413
https://doi.org/10.1183/09031936.00050413
https://doi.org/10.1016/j.vaccine.2019.11.026
https://doi.org/10.1007/s11908-018-0607-z
https://doi.org/10.1093/jac/dky158
https://doi.org/10.1093/jac/dky158


15-valent pneumococcal conjugate vaccine serotypes 22F and 33F. 
Vaccine 2016; 34: 2527–30. https://doi.org/10.1016/j.vaccine.2016.03. 
058
24 Golden AR, Fear T, Baxter M et al. Invasive pneumococcal disease 
caused by serotypes 22F and 33F in Canada: the SAVE study 2011– 
2018. Diagn Microbiol Infect Dis 2021; 101: 115447. https://doi.org/10. 
1016/j.diagmicrobio.2021.115447

25 Isturiz R, Sings HL, Hilton B et al. Streptococcus pneumoniae serotype 
19A: worldwide epidemiology. Expert Rev Vaccines 2017; 16: 1007–27. 
https://doi.org/10.1080/14760584.2017.1362339
26 Masomian M, Ahmad Z, Gew LT et al. Development of next 
generation Streptococcus pneumoniae vaccines conferring broad protec
tion. Vaccines (Basel) 2020; 8: 132. https://doi.org/10.3390/ 
vaccines8010132

i47

Vaccine coverage of S. pneumoniae isolates: SAVE, 2011–20                                                                          

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/78/Supplem

ent_1/i37/7147766 by U
niversity of M

anitoba user on 22 June 2023

https://doi.org/10.1016/j.vaccine.2016.03.058
https://doi.org/10.1016/j.vaccine.2016.03.058
https://doi.org/10.1016/j.diagmicrobio.2021.115447
https://doi.org/10.1016/j.diagmicrobio.2021.115447
https://doi.org/10.1080/14760584.2017.1362339
https://doi.org/10.3390/vaccines8010132
https://doi.org/10.3390/vaccines8010132

	Introduction
	Materials and methods
	Bacterial isolates
	Serotyping
	Antimicrobial susceptibility testing
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	Disclaimer
	References

