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Objectives: To investigate the levels of MDR in the predominant serotypes of invasive Streptococcus pneumoniae 
isolated in Canada over a 10 year period. 

Methods: All isolates were serotyped and had antimicrobial susceptibility testing performed, in accordance with 
CLSI guidelines (M07-11 Ed., 2018). Complete susceptibility profiles were available for 13 712 isolates. MDR was 
defined as resistance to three or more classes of antimicrobial agents (penicillin MIC ≥2 mg/L defined as resist
ant). Serotypes were determined by Quellung reaction. 

Results: In total, 14 138 invasive isolates of S. pneumoniae were tested in the SAVE study (S. pneumoniae 
Serotyping and Antimicrobial Susceptibility: Assessment for Vaccine Efficacy in Canada), a collaboration between 
the Canadian Antimicrobial Resistance Alliance and Public Health Agency of Canada—National Microbiology 
Laboratory. The rate of MDR S. pneumoniae in SAVE was 6.6% (902/13 712). Annual rates of MDR S. pneumoniae 
decreased between 2011 and 2015 (8.5% to 5.7%) and increased between 2016 and 2020 (3.9% to 9.4%). 
Serotypes 19A and 15A were the most common serotypes demonstrating MDR (25.4% and 23.5% of the MDR 
isolates, respectively); however, the serotype diversity index increased from 0.7 in 2011 to 0.9 in 2020 with a stat
istically significant linear increasing trend (P < 0.001). In 2020, MDR isolates were frequently serotypes 4 and 12F 
in addition to serotypes 15A and 19A. In 2020, 27.3%, 45.5%, 50.5%, 65.7% and 68.7% of invasive MDR S. pneu
moniae were serotypes included in the PCV10, PCV13, PCV15, PCV20 and PPSV23 vaccines, respectively. 

Conclusions: Although current vaccine coverage of MDR S. pneumoniae in Canada is high, the increasing diver
sity of serotypes observed among the MDR isolates highlights the ability of S. pneumoniae to rapidly evolve.

Introduction
Streptococcus pneumoniae is an important pathogen worldwide 
because it is a common cause of respiratory infections, including 
community-acquired pneumonia and acute otitis media, and the 
causative agent of invasive pneumococcal disease (IPD). The 
overall incidence rate of IPD in Canada was stable from 2009 to 
2019, with annual rates between 9.0 and 10.9 cases per 100  
000 population.1 The incidence rate decreased significantly to 
5.9 cases per 100 000 population in 2020.1 This decreased rate 
has been attributed to public health measures related to the 
COVID-19 pandemic.1

Prevnar®, a 7-valent pneumococcal conjugate vaccine (PCV7) 
(serotypes 4, 6B, 9V, 14, 18C, 19F and 23F), was developed to give 
vaccine coverage for the seven commonest serotypes causing 

pneumococcal disease in children at the time, of the approxi
mately 100 now recognized serotypes.1,2 Studies in North 
America demonstrated that the vaccination of children with 
PCV7 resulted in significant reductions in invasive infections due 
to S. pneumoniae as well as reductions in the incidence of recur
rent upper respiratory tract infections in children.2–4 Serotype 
replacement with non-vaccine serotypes, particularly MDR sero
type 19A, was rapidly observed following the introduction of 
PCV7.2,3 Subsequently, newer pneumococcal conjugate vaccines 
were developed with enhanced serotype coverage, including 
SYNFLORIX™ (PCV10) (PCV7 serotypes plus serotypes 1, 5 and 
7F) and Prevnar®13 (PCV13) (PCV7 serotypes plus serotypes 1, 
3, 5, 6A, 7F and 19A). The immunization guidelines in North 
America were updated in 2010 to recommend the routine use 
of PCV13 in infants,5,6 and the replacement of PCV7 with PCV13 
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as part of routine infant vaccinations was completed in Canada 
by early 2011.1 PCV13 was also demonstrated to prevent 
pneumococcal pneumonia and IPD by vaccine-related serotypes 
in adults.7 Further pneumococcal conjugate vaccine develop
ment has led to the availability of VAXNEUVANCE™, a 15-valent 
vaccine (PCV15) (PCV13 serotypes plus serotypes 22F and 33F) 
and PREVNAR 20™, a 20-valent vaccine (PCV20) (PCV13 serotypes 
plus serotypes 8, 10A, 11A, 12F, 15B, 22F and 33F). In late 2021 
and 2022, the US Advisory Committee on Immunization 
Practices and the Canadian National Advisory Committee on 
Immunization recommended the use of PCV20 or PCV15, fol
lowed by the pneumococcal polysaccharide vaccine 
PNEUMOVAX®23 (PPSV23) (PCV20 serotypes plus serotypes 2, 
6B, 9N, 17F and 20 minus 6A), for adults 65 years of age and older 
as well as younger adults with specific underlying medical condi
tions putting them at higher risk for IPD.8,9

Despite the overall success of the vaccine programmes, treat
ment concerns have remained because many serotypes that 
were commonly penicillin-resistant or MDR, such as 15A and 
19A, have persisted or increased with the changing epidemiology 
in the vaccine era. Drug-resistant S. pneumoniae has been 

identified as a serious threat in the USA by the CDC,10 whereas 
the WHO11 identified penicillin-non-susceptible S. pneumoniae 
as a pathogen of high priority.

The S. pneumoniae Serotyping and Antimicrobial 
Susceptibility: Assessment for Vaccine Efficacy in Canada (SAVE) 
study is an annual study that began in 2011. The purpose of 
this study was to evaluate changes in antimicrobial resistance, 
particularly MDR, in relation to serotype evolution in Canada, sub
sequent to the introduction of PCV13 and as higher valency vac
cines have been developed.

Materials and methods
Bacterial isolates
From January 2011 to December 2020, S. pneumoniae isolates from ster
ile body sites by participating Canadian provincial public health and hos
pital laboratories were forwarded to the Public Health Agency of Canada 
—National Microbiology Laboratory (PHAC-NML) in Winnipeg, Canada. As 
part of an ongoing collaboration between the Canadian Antimicrobial 
Resistance Alliance (CARA) and PHAC-NML, PHAC-NML forwarded their 
collection of invasive isolates of S. pneumoniae from 8 of the 10 
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Figure 1. Annual serotype distribution of invasive S. pneumoniae isolates (n ≥ 100) collected in the SAVE study, 2011–2020. Serotypes for which less 
than 100 isolates were collected between 2011 and 2020 include: 9V (n = 92), 21 (n = 82), 6A (n = 76), 14 (n = 64), 18C (n = 62), non-typeable (n = 61), 
29 (n = 53), 6B (n = 43), 28A (n = 39), 13 (n = 35), 33A (n = 28), 23F (n = 27), 1 (n = 19), 5 (n = 17), 37 (n = 14), 24B (n = 14), 9L (n = 9), 11B (n = 8), 12A (n =  
8), 10F (n = 7), six isolates each of serotypes 6D, 7B and 22A, five isolates each of serotypes 9A and 27, four isolates each of serogroup/serotypes 2, 24, 
24A and 35A, three isolates each of serotypes 10B, 18A, 18F, 25A and 35D, two isolates each of serotypes 11D, 17A and 45, and one isolate each of 
serotypes 7A, 15F, 32A, 33C, 35C and 42. 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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Canadian provincial public health laboratories (Saskatchewan, Manitoba, 
Ontario, Quebec, Nova Scotia, Prince Edward Island, Newfoundland and 
Labrador, and a portion of isolates collected from New Brunswick) to 
CARA for antimicrobial susceptibility testing.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed in the Department of 
Clinical Microbiology at the Winnipeg Health Sciences Centre using the refer
ence CLSI broth microdilution method12 with custom-designed, in-house 
prepared, 96-well microtitre panels containing doubling-dilutions of anti
microbial agents in cation-adjusted Mueller–Hinton broth supplemented to 
a final concentration of 4% lysed horse blood. Isolates were tested against 
penicillin, ceftriaxone, clarithromycin, clindamycin, levofloxacin, linezolid, tri
methoprim/sulfamethoxazole, doxycycline, tigecycline, chloramphenicol 
and vancomycin in all study years. MICs were interpreted as susceptible, 
intermediate or resistant using CLSI MIC breakpoints for all antimicrobial 
agents.13 MDR was defined as resistance to three or more antimicrobial 
agents selected as antimicrobial class markers (penicillin, clarithromycin, 
clindamycin, doxycycline, levofloxacin, trimethoprim/sulfamethoxazole 
and chloramphenicol). In MDR calculations, penicillin resistance was defined 
using the CLSI breakpoint for oral penicillin V (MIC ≥2 mg/L).

Of the 14 138 study isolates, complete susceptibility profiles for all se
ven antimicrobial agents used in the MDR definition were generated for 13  
712 isolates. The number of isolates with complete antimicrobial suscep
tibility testing profiles for the MDR-definition antimicrobials per year was 
1362 isolates in 2011, 1230 isolates in 2012, 1118 isolates in 2013, 
1219 isolates in 2014, 1215 isolates in 2015, 1227 isolates in 2016, 
1562 isolates in 2017, 1882 isolates in 2018, 1849 isolates in 2019, and 
1048 isolates in 2020.

Serotyping
Serotyping was performed using the Quellung reaction using pool, group, 
type and factor commercial antisera (SSI Diagnostica; Statens Serum 
Institute, Copenhagen, Denmark).14 Isolate identity for which a serotype 
was not determined by a Quellung reaction was confirmed as S. pneumo
niae by rpoB gene sequencing.15 Serotypes 15B and 15C were grouped as 
15B/C due to the reported reversible switching between these 
serotypes.16,17

Statistical analysis
Trends in the proportion of serotypes and MDR rates throughout the study 
were assessed for statistically significant differences (P < 0.05) using the 
Cochran–Armitage test for trend. The annual diversity of the MDR S. pneu
moniae serotypes was assessed by Simpson’s Diversity Index.

Results
In total, 14 138 invasive isolates of S. pneumoniae collected as 
part of the SAVE study between 2011 and 2020 were forwarded 
to the CARA. The annual numbers of isolates were: 1379 isolates 
from 2011, 1285 from 2012, 1160 from 2013, 1274 from 2014, 
1262 from 2015, 1284 from 2016, 1598 from 2017, 1930 from 
2018, 1893 from 2019, and 1073 from 2020. The annual serotype 
distribution of invasive isolates of S. pneumoniae collected as part 
of the SAVE study in Canada between 2011 and 2020 is presented 
in Figure 1 and Table S1 (available as Supplementary data at JAC 
Online). The 10 most common serotypes in the SAVE study overall 
(n = 14 138) were 3 (1354/9.6%), 22F (1282/9.1%), 19A (961/ 
6.8%), 7F (819/5.8%), 9N (742/5.3%), 8 (708/5.0%), 12F (661/ 
4.7%), 11A (543/3.8%), 33F (539/3.8%) and 15A (520/3.7%). In 
the 2020 study year (n = 1073), the most common serotypes Ta
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were 4 (135/12.6%), 3 (115/10.7%), 8 (87/8.1%), 9N (75/7.0%), 
22F (66/6.2%), 12F (55/5.1%), 20 (46/4.3%), 15A (40/3.7%), 
19A (37/3.4%), 33F (33/3.1%) and 11A (33/3.1%).

Between 2011 and 2020, statistically significant reductions in 
the overall temporal trend of the annual proportion of serotypes 
1 (P < 0.0001), 5 (P < 0.0001), 6A (P = 0.001), 6B (P = 0.04), 6C 

(P < 0.0001), 7F (P < 0.0001), 19A (P < 0.0001), 23F (P = 0.01), 
33A (P < 0.0001) and 37 (P = 0.04) were observed. Statistically 
significant increases in serotypes 3 (P < 0.0001), 7C (P = 0.0001), 
8 (P < 0.0001), 9N (P < 0.0001), 17F (P = 0.04), 19F (P < 0.0001), 
20 (P < 0.0001), 23A (P = 0.02), 23B (P = 0.02), 24A (P = 0.008), 31 
(P < 0.0001), 33F (P = 0.02) and 35D (P = 0.009) were also ob
served. Serotypes 9V (P = 0.001) and 24F (P = 0.008) demonstrated 
significant bidirectional changes, with serotype 9V decreasing and 
then increasing and serotype 24F increasing and then decreasing 
throughout the study. Notable changes in the rank order of the 
top 10 serotypes were observed during the study. Serotype 7F 
ranked as the most common serotype in 2011 and 2012 but fell 
out of the top 10 starting in 2016. Serotype 19A ranked between 
the 1st and 3rd most common serotype from 2011 to 2015 and de
creased over time to the 10th and 9th most common serotypes in 
2019 and 2020. Serotype 9N ranked 9th or 10th from 2011 to 2013 
and rose to 3rd or 4th in 2017 to 2020.

The overall proportions of invasive S. pneumoniae isolates col
lected in Canada as part of the SAVE study that were serotypes 
contained in PCV10, PCV13, PCV15, PCV20 and PPSV23 are shown 
in Table 1.

The antimicrobial susceptibility testing results for the 10 most 
common serotypes of invasive S. pneumoniae in Canada are pre
sented in Table 2. Reduced susceptibility rates were observed in 
serotype 19A for penicillin (70.9% based on the IV meningitis 
breakpoint), ceftriaxone (82.8% based on the IV meningitis 
breakpoint), clarithromycin (37.7%), doxycycline (71.8%) and tri
methoprim/sulfamethoxazole (72.8%). Reduced susceptibility 
rates were also observed for clarithromycin in serotype 12F iso
lates (45.1%) and 22F isolates (65.1%), clarithromycin (67.3%) 
and trimethoprim/sulfamethoxazole (82.3%) in serotype 11A iso
lates, clarithromycin (20.3%) and trimethoprim/sulfamethoxa
zole (22.7%) in serotype 33F isolates, and penicillin (39.4% 
based on the IV meningitis breakpoint), clarithromycin (29.2%) 
and doxycycline (31.8%) in serotype 15A isolates. All isolates 
were susceptible to vancomycin. Among the top 10 serotypes, 
MDR rates ≥5% were observed for serotypes 15A (56.2%), 19A 

Table 2. Antimicrobial susceptibility testing results for the 10 most common serotypes of invasive S. pneumoniae, SAVE 2011–2020

Serotype 
(n)a

% Susceptible/MIC90 (mg/L)

% 
MDR

Penicillin (IV, 
meningitis)

Penicillin (IV, 
non-meningitis)

Ceftriaxone 
(meningitis)

Ceftriaxone 
(non-meningitis) Clarithromycin Levofloxacin SXTb Doxycycline

3 (1312) 99.5/≤0.03 100/≤0.03 99.9/≤0.12 100/≤0.12 94.1/≤0.03 100/1 98.6/0.25 87.7/2 4.0
22F (1279) 99.3/≤0.03 99.8/≤0.03 99.8/≤0.12 99.8/≤0.12 65.1/4 99.4/1 98.8/0.25 98.6/≤0.25 1.6
19A (957) 70.9/4 87.6/4 82.8/1 95.2/1 37.7/>32 99.7/1 72.8/8 71.8/4 23.9
7F (807) 99.1/≤0.03 100/≤0.03 99.9/≤0.12 100/≤0.12 97.3/≤0.03 99.8/1 99.5/0.25 97.0/≤0.25 0.4
9N (740) 97.0/≤0.03 100/≤0.03 99.6/≤0.12 100/≤0.12 92.0/0.06 99.6/1 96.4/0.5 97.3/≤0.25 1.1
8 (704) 99.4/≤0.03 100/≤0.03 99.9/≤0.12 100/≤0.12 99.2/≤0.03 100/1 99.2/0.25 97.0/≤0.25 0.1
12F (661) 99.4/≤0.03 100/≤0.03 99.9/≤0.12 100/≤0.12 45.1/8 99.9/1 94.1/0.5 93.3/≤0.25 4.2
11A (541) 94.8/≤0.03 99.8/≤0.03 98.9/≤0.12 99.5/≤0.12 67.3/4 99.6/1 82.3/8 96.9/≤0.25 2.8
33F (538) 99.8/≤0.03 100/≤0.03 100/≤0.12 100/≤0.12 20.3/8 100/1 22.7/8 90.3/≤0.25 5.0
15A (377) 39.4/2 100/2 92.6/0.5 100/0.5 29.2/>32 99.2/1 92.6/0.5 31.8/16 56.2

an of each serotype for which complete susceptibility data were available. 
bSXT, trimethoprim/sulfamethoxazole.

Table 3. Demographics of the MDR invasive S. pneumoniae isolates in the 
SAVE study, 2011–2020

Patient demographic
SAVE

MDR isolates

n n % of SAVE

All isolates 13 712 902 6.6
Patient age,a years

0 to <1 356 19 5.3
1 to <2 405 34 8.4
2 to <6 521 30 5.8
6 to <18 388 21 5.4
18 to <50 2792 160 5.7
50 to <65 3801 230 6.1
≥65 5212 388 7.4

Patient biological sexb

Female 5904 399 6.8
Male 7158 461 6.4

Geographical regionc

Western Canada 2989 149 5.0
Central Canada 9291 649 7.0
Eastern Canada 1432 104 7.3

aThere were 237 isolates with unknown patient age. 
bThere were 650 isolates with unknown patient biological sex. 
cWestern Canada included isolates from Manitoba and Saskatchewan, 
Central Canada included isolates from Ontario and Quebec, and Eastern 
Canada included isolates from Nova Scotia, New Brunswick, Prince 
Edward Island, and Newfoundland and Labrador.
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(23.9%) and 33F (5.0%). Serotypes that were isolated less fre
quently in the study but for which MDR was observed in >5% of 
isolates included 6A (6.6%, n = 5/76), 6B (37.2%, n = 16/43), 6C 
(6.2%, n = 22/355), 6D (16.7%, n = 1/6), 7B (66.7%, n = 4/6), 9A 
(20.0%, n = 1/5), 9V (11.8%, n = 10/85), 13 (14.3%, n = 5/35), 14 
(34.9%, n = 22/63), 15F (100%, n = 1/1), 17A (50.0%, n = 1/2), 
19F (20.9%, n = 64/306), 22A (16.7%, n = 1/6), 23A (10.4%, n =  
50/482), 23F (14.8%, n = 4/27), 24F (8.1%, n = 7/86), 35A 
(50.0%, n = 2/4), 35B (5.7%, n = 19/335) and 35D (66.7%, n = 2/3).

Between 2011 and 2020, 902 (6.6%) MDR S. pneumoniae were 
isolated as part of SAVE. The patient demographics are presented 
in Table 3. The annual rates of MDR in S. pneumoniae are por
trayed in Figure 2. There was no statistically significant trend in 
the annual rates of MDR in S. pneumoniae over the entire study 
of 2011 to 2020; however, there was a significant decrease 
from 8.5% (n = 116) in 2011 to 5.7% (n = 69) in 2015 (P <  
0.0001) followed by a significant increase from 3.9% (n = 48) in 
2016 to 9.4% (n = 99) in 2020 (P < 0.0001).

MDR S. pneumoniae most commonly demonstrated resist
ance to antimicrobial agents from three classes (452, 50.1%). 
Resistance to antimicrobial agents from four, five, six and seven 
classes was identified in 235 (26.1%), 188 (20.8%), 26 (2.9%) 
and 1 (0.1%) of the MDR S. pneumoniae, respectively (Table S2). 
The most common pattern was resistance to clarithromycin, clin
damycin and doxycycline (329, 36.5% of all MDR isolates). 
Notably, the second most common pattern was resistance to 
antimicrobial agents from five classes: clarithromycin, clindamy
cin, doxycycline, penicillin and trimethoprim/sulfamethoxazole 
(163, 18.1% of all MDR isolates) (Table S2). Levofloxacin resist
ance was observed in only 2.3% (n = 21) of the MDR isolates. 
The most common associations of serotype and specific resist
ance patterns among the MDR S. pneumoniae were 15A (n =  
143) and 23A (n = 45) resistant to clarithromycin, clindamycin 
and doxycycline, 3 (n = 45) resistant to chloramphenicol, cla
rithromycin, clindamycin and doxycycline, and 19A (n = 130) re
sistant to clarithromycin, clindamycin, doxycycline, penicillin 
and trimethoprim/sulfamethoxazole (Table S2).

MDR was observed in 44 serotypes of the S. pneumoniae inva
sive isolates as shown in Figure 3(a). The predominant serotypes 
among the MDR isolates were 19A (229, 25.4%) and 15A (212, 

23.5%). Serotypes 15A and 19A ranked as two of the top three 
serotypes of the MDR isolates every year of the study; however, 
the serotype diversity index increased from 0.7 in 2011 to 0.9 in 
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Figure 2. Annual rates of MDR in invasive S. pneumoniae isolates col
lected in the SAVE study, 2011–2020. 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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2020, with a statistically significant linear increasing trend (P <  
0.001), as shown in Figure 4. In 2011, serotypes 15A and 19A re
presented 32.8% and 44.0% of all invasive MDR S. pneumoniae 
isolates, respectively (Figure 3b). In 2020, serotypes 15A and 
19A represented 18.2% and 14.1% of all invasive MDR S. pneumo
niae isolates, respectively (Figure 3c).

Discussion
The 10 predominant S. pneumoniae serotypes identified through
out the SAVE study, in order of frequency of isolation, were 3, 22F, 
19A, 7F, 9N, 8, 12F, 11A, 33F and 15A, consistent with a 
meta-analysis by Balsells et al.,18 which reported that for coun
tries that had introduced PCV10 or PCV13, the most common ser
otypes in paediatric IPD cases included 22F, 12F, 15C, 24F and 
33F. Some regional differences were noted, with serotypes 22F, 
33F, 15B, 38 and 35B being most common in North America 
and 12F, 10A, 24F, 22F and 15C being most common in 
Europe.18 Among adults with IPD in Japan in the years following 
PCV13 introduction, the predominant serotypes were 12F, 3, 23A, 
19A, 10A, 6C and 22F.19

Throughout the 10 years evaluated in the SAVE study, statis
tically significant reductions were noted in PCV13-contained ser
otypes 1, 5, 6A, 6B, 7F, 19A and 23F. Significant decreases were 
also noted in serotype 6C, likely due to protection from cross- 
functional antibodies to 6A20 in PCV13. The post-PCV13 reduction 
in serotypes 7F and 19A observed in this study was also noted 
very early on in the USA.21 Notably, PCV13-related serotypes 3 
and 19F increased significantly throughout the SAVE study, al
though by rank order 19F did not appear in the top 10 serotypes. 
A predominance of serotypes 3 and 19F was also observed in 
countries where PCV10 was used.22 Between 2011 and 2020, sig
nificant increases were observed in serotypes that are included in 

the higher valency conjugate vaccines, including 8 (PCV20) and 
33F (PCV15 and PCV20), in the SAVE study. Among non-conjugate 
vaccine serotypes, statistically significant increases were ob
served in serotypes 7C, 9N, 17F, 20, 23A, 23B, 24A, 31 and 35D. 
Similar changes in serotype distribution were described in a re
port from the active surveillance of IPD in Israel when comparing 
the time periods before pneumococcal conjugate vaccine intro
duction (2004–2008) and following significant use of PCV13 
(2016–2019). The authors describe significant decreases in 
PCV13 serotypes 1, 5, 6A, 6B, 7F, 9V, 14, 18, 19A, 19F and 23F 
and significant increases in serotypes 2, 8 and 12F among all 
age groups.23 A number of additional serotypes noted to have in
creased in the SAVE study were also shown to have increasing 
trends, but not reaching statistical significance in Israel, including 
serotypes 9N, 17F and 33F.23 Country-specific differences were 
also observed as the rate of serotype 3 was found to be stable 
throughout the use of pneumococcal conjugate vaccines in 
Israel23 whereas we observed a significant increase in Canada. 
A continued predominance of serotype 3 has been reported in 
a number of studies around the world.18,19,21,22,24

A post-PCV13 licensure study on serotype-specific vaccine ef
fectiveness demonstrated 73% overall vaccine effectiveness for 
the serotypes included in PCV13 that were not previously in 
PCV7, but serotype-specific variability was noted.25 Vaccine ef
fectiveness was lowest for serotype 3 (26%) and highest for ser
otypes 6A (98%) and 7F (91%), with lower but significant 
effectiveness reported for serotype 19A (67%).25 The strong vac
cine effectiveness against serotypes 6A, 7F and 19A may have 
positively contributed to the significant reductions observed in 
the proportion of isolates with serotypes 6A, 6C (due to cross- 
protection),20 7F and 19A in the SAVE study. The low vaccine ef
fectiveness for serotype 3 may explain the continued high annual 
incidence of this serotype in Canada.1 Studies with PCV15 
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Figure 4. Annual diversity of invasive MDR S. pneumoniae serotypes, calculated by the Simpson Diversity Index, in the SAVE study, 2011–2020.

Adam et al.

i22

D
ow

nloaded from
 https://academ

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

ent_1/i17/7147764 by U
niversity of M

anitoba user on 22 June 2023



demonstrated improved immunogenicity for serotype 3; how
ever, it remains to be determined if the in vitro results will trans
late to improved clinical outcomes.26

During the most recently analysed SAVE study year of 2020, 
19.2%, 33.6%, 42.8%, 64.0% and 76.0% of S. pneumoniae were 
serotypes included in the PCV10, PCV13, PCV15, PCV20 and 
PPSV23 vaccines, respectively. The current proportion of sero
types contained in the PCV13 vaccine (33.6%) is lower than the 
54.3% reported in a pre-PCV13 surveillance study performed by 
CARA between 2007 and 200927 but greater than the 25.4% 
noted in the 2015 SAVE study year.28 The proportions of isolates 
with serotypes contained in the vaccines were higher in the SAVE 
study than those reported for adult cases of IPD in Japan: 2.8%, 
28.2% and 61.0% with PCV7, PCV13 and PPSV23 serotypes, re
spectively.19 A meta-analysis of paediatric IPD cases reported 
that in countries using PCV10 or PCV13, the proportion of sero
types contained in PCV7 was 12.5%, with an additional 9.2% in
cluding the other three serotypes in PCV10, 49.1% in PCV13, with 
an additional inclusion of approximately 9.8% with the other two 
PCV15 serotypes and 25.4% with the other seven PCV20 sero
types.18 The results from the 24 countries included in the 
meta-analysis are similar to the results of the SAVE study, al
though regional differences were noted. The North 
America-specific results were even more similar to those ob
served in the SAVE study, with the proportion of serotypes con
tained in PCV7 reported by Balsells et al.18 as 3.4%, with an 
additional 7.9% including the other three serotypes in PCV10, 
37.3% in PCV13, with an additional inclusion of approximately 
11.8% with the other two PCV15 serotypes and 25.9% with the 
other seven PCV20 serotypes.

Among the most common serotypes of invasive S. pneumoniae 
isolated in this study, high rates of antimicrobial non-susceptibility 
with multiple agents were most notable for serotypes 15A and 
19A, with other serotypes noted to have decreased susceptibility 
to specific antimicrobial agents. Increased rates of non- 
susceptibility to penicillin and erythromycin in serotypes 15A and 
19A were observed in the USA following the introduction of 
PCV-7.3 Following the introduction of PCV13 in France, decreased 
susceptibility to penicillin and erythromycin was frequently ob
served in serotypes 15A, 24F and 35B but not in 12F.29 Serotype 
15A had the lowest penicillin susceptibility rate (39.4% with the 
IV meningitis breakpoint) of all the serotypes analysed in the 
SAVE study. Penicillin-non-susceptibility was commonly observed 
in serotypes 15A and 19A identified from cases of IPD in 
Norway.30 Clarithromycin non-susceptibility was very commonly 
observed in our Canadian study, with high rates reported for sero
types 11A, 12F, 15A, 19A, 22F and 33F. Erythromycin resistance 
was most commonly observed in serotypes 14, 15A and 19A in 
Norway.30 In addition to the reduced susceptibility to penicillin 
and clarithromycin, serotype 15A isolates were frequently non- 
susceptible to doxycycline, and serotype 19A isolates demon
strated high levels of non-susceptibility to doxycycline and tri
methoprim/sulfamethoxazole in the SAVE study. Tetracycline and 
doxycycline resistance was most commonly noted in serotypes 
15A, 19A and 19F, and resistance to trimethoprim/sulfamethoxa
zole was most frequently observed with serotypes 9V, 19A and 24F 
in Norway.30 Tetracycline resistance was common in serotypes 
12F, 15A and 24F isolates, and resistance to trimethoprim/sulfa
methoxazole was most frequently observed with serotype 24F in 

France.29 In contrast, the 12F isolates in our study were generally 
susceptible to doxycycline (93.3%). Serotype 33F isolates in the 
SAVE study demonstrated very low susceptibility rates to trimetho
prim/sulfamethoxazole (22.7%). The existence of a clone of tri
methoprim/sulfamethoxazole-resistant serotype 33F (ST100) 
was reported in the study of IPD in Norway.30

Overall, MDR was observed in 6.6% (902/13 712) of the inva
sive S. pneumoniae isolates in the SAVE study. MDR isolates 
were identified from patients of all age groups, biological sexes 
and geographical regions of the country. The MDR rate was high
er than that reported from the Public Health England surveillance, 
where 3.5% of S. pneumoniae isolates from blood and CSF infec
tions demonstrated ‘triple resistance’ (erythromycin and tetra
cycline resistant and penicillin non-susceptible) during the 
years 2005 to 2014.24 No statistically significant trend in the an
nual rates of MDR was demonstrated for the SAVE study (2011– 
2020); however, a significant decrease in MDR was noted during 
the first 5 years of the study (2011–2015) with a subsequent in
crease observed in the subsequent five study years (2016 to 
2020). Although the increase did not reach statistical signifi
cance, the incidence of MDR S. pneumoniae also increased in 
Norway between 2004 and 2016.30

Throughout the study, MDR was observed in 44 serotypes. 
Serotypes 15A and 19A represented 48.9% of all MDR isolates. 
The emergence of MDR 19A and 15A isolates has been well docu
mented.24,30,31 Although serotypes 15A and 19A were predomin
ant, a significant increase in the diversity of serotypes among the 
MDR isolates was demonstrated throughout our study. In 2011, 
serotypes 15A and 19A represented 76.7% of the MDR isolates 
and any other identified serotype represented less than 5% of 
the isolates. Conversely, in 2020, serotypes 15A and 19A repre
sented only 32.3% of the MDR isolates because there were five 
serotypes that each represented more than 5% of the MDR iso
lates: 15A > 4 > 19A = 12F > 19F. Clonal spread of the MDR sero
type 15A-ST63 has been described for our isolates32 and in 
international studies.30 Other MDR serotypes, such as 14, 19A 
and 19F, have been shown to be represented by diverse 
STs.24,30 Although MDR serotype 24F isolates were uncommon 
in our study, they are emerging globally. A WGS-based assess
ment of international serotype 24F isolates demonstrated that 
three lineages have emerged, with Global Pneumococcal 
Sequencing (GPS) lineage GPSC10 associated with MDR.33

Internationally, lineage GPSC10 expressed 17 serotypes, which 
may allow it to adapt under vaccine pressure.33 GPSC10 was 
shown to have rapidly switched from serotype 19A to 24F after 
the introduction of PCV13 in Spain.33 The existence of diverse 
serotype variants allowed the lineage to survive and expand,33

which highlights the importance of the increased diversity of 
MDR S. pneumoniae circulating in Canada.

Lo et al.33 noted that the differences in GPS lineages in specific 
countries may be attributable to antibiotic pressure because the 
susceptibility patterns of the predominant lineages of serotype 
24F could be correlated with the country’s antibiotic usage. The 
MDR GPSC10 lineage demonstrated resistance to penicillin, eryth
romycin and tetracycline and had intermediate MICs to trimetho
prim/sulfamethoxazole.33 Resistance to the antimicrobial classes 
represented by penicillin, erythromycin and tetracycline was ob
served in 31.4% of the MDR isolates in the SAVE study. Overall, the 
most common MDR pattern observed in the SAVE study was 
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resistance to clarithromycin, clindamycin and doxycycline. This 
specific phenotype represented 36.5% of the MDR isolates and 
was a component of the phenotype of 82.8% of the MDR isolates 
in this study. The frequent association of resistance between cla
rithromycin and clindamycin reflects the high prevalence of the 
erm(B) resistance determinant in the S. pneumoniae identified 
in the SAVE study.32

During the most recently analysed SAVE study year of 2020, 
27.3%, 45.5%, 50.5%, 65.7% and 68.7% MDR S. pneumoniae 
were serotypes included in the PCV10, PCV13, PCV15, PCV20 
and PPSV23 vaccines, respectively. The percentage of MDR iso
lates with serotypes included in PCV13 is significantly lower 
than that reported in our pre-PCV13 study where 88% of MDR iso
lates were PCV13 serotypes.27

The limitations of this study are the lack of participation of all 
provinces in Canada, and as such we can only demonstrate 
changes in the proportion of serotypes and the MDR isolates 
causing IPD from 8 of the 10 Canadian provinces. The specific 
antimicrobial agents tested were not universally consistent 
with the comparator studies; antimicrobial susceptibility results 
and the MDR comparisons were made using representative 
agents for an antimicrobial class.

Our analysis of invasive MDR S. pneumoniae isolates as part of 
the SAVE study has highlighted a number of key findings that may 
affect antimicrobial resistance patterns and vaccination strat
egies in the future. In the first 5 years of the SAVE study (2011– 
2015), MDR rates decreased, as the introduction of PCV13 was 
associated with a reduction in the proportion of isolates identified 
with the resistant 19A serotype. However, MDR rates increased 
from 2016 to 2020 such that there was no observed trend in rates 
across the entire study. The MDR isolates in the most recent years 
of the SAVE study included a greater diversity of serotypes than in 
previous years, potentially demonstrating population changes as 
S. pneumoniae continues to evolve under both vaccine and anti
biotic selective pressure. The observations made with the SAVE 
study provide critical information to support the ongoing devel
opment of serotype-based vaccines.

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 following Canadian 
Public Health Laboratory Network (CPHLN) laboratories 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 Québec, 
Ste-Anne-de-Bellevue; 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 article are those of the authors and do not 
necessarily represent those of Merck Canada Inc. or Pfizer Canada Inc.

Supplementary data
Tables S1 and S2 are available as Supplementary data at JAC Online.

References
1 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

2 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

3 Hicks LA, Harrison LH, Flannery B et al. Incidence of pneumococcal dis
ease due to non-pneumococcal conjugate vaccine (PCV7) serotypes in 
the United States during the era of widespread PCV7 vaccination, 
1998–2004. J Infect Dis 2007; 196: 1346–54. https://doi.org/10.1086/ 
521626

4 CDC. Direct and indirect effects of routine vaccination of children with 
7-valent pneumococcal conjugate vaccine on incidence of invasive 
pneumococcal disease—United States, 1998–2003. MMWR Morb Mortal 
Wkly Rep 2005; 54: 893–7.

5 National Advisory Committee on Immunization (NACI). Update on the 
use of conjugate vaccines in childhood. Can Commun Dis Rep 2010; 36: 
1–21. https://doi.org/10.14745/ccdr.v36i00a12

6 CDC. Prevention of pneumococcal disease among infants and children 
—use of 13-valent pneumococcal conjugate vaccine and 23-valent 
pneumococcal polysaccharide vaccine: recommendations of the 
Advisory Committee on Immunization Practices (ACIP). MMWR Recomm 
Rep 2010; 59(RR-11):1–18.

7 Bonten MJM, Huijts SM, Bolkenbaas M et al. Polysaccharide conjugate 
vaccine against pneumococcal pneumonia in adults. New Engl J Med 
2015; 372: 1114–25. https://doi.org/10.1056/NEJMoa1408544

8 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 
Committee on Immunization Practices—United States, 2022. MMWR 
Morb Mortal Wkly Rep 2022; 71: 109–17. https://doi.org/10.15585/ 
mmwr.mm7104a1

9 National Advisory Committee on Immunization (NACI). Public health 
level recommendations on the use of pneumococcal vaccines in adults, 
including the use of 15-valent and 20-valent conjugate vaccines. 2023. 
https://www.canada.ca/en/public-health/services/immunization/national- 
advisory-committee-on-immunization-naci/public-health-level-recomm 
endations-use-pneumococcal-vaccines-adults-including-use-15-valent- 
20-valent-conjugate-vaccines.html

10 CDC. Antibiotic resistance threats in the United States. U.S. 
Department of Health and Human Services, CDC; 2019.

Adam et al.

i24

D
ow

nloaded from
 https://academ

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

ent_1/i17/7147764 by U
niversity of M

anitoba user on 22 June 2023

http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad066#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad066#supplementary-data
https://doi.org/10.14745/ccdr.v48i09a04
https://doi.org/10.1016/j.vaccine.2009.12.026
https://doi.org/10.1086/521626
https://doi.org/10.1086/521626
https://doi.org/10.14745/ccdr.v36i00a12
https://doi.org/10.1056/NEJMoa1408544
https://doi.org/10.15585/mmwr.mm7104a1
https://doi.org/10.15585/mmwr.mm7104a1
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines.html
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines.html
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines.html
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines.html


11 WHO. Media Centre. News Release. WHO publishes list of bacteria for 
which new antibiotics are urgently needed. 2017. http://www.who.int/ 
mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
12 CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for 
Bacteria That Grow Aerobically—Eleventh Edition: M07. 2018.
13 CLSI. Performance Standards for Antimicrobial Susceptibility Testing— 
Thirty-Second Edition: M100. 2022.
14 Austrian R. The quellung reaction, a neglected microbiologic tech
nique. Mt Sinai J Med 1976; 43: 699–709.
15 Drancourt M, Roux V, Fournier PE et al. Rpob gene sequence-based 
identification of aerobic gram-positive cocci of the genera 
Streptococcus, Enterococcus, Gemella, Abiotrophia, and Granulicatella. J 
Clin Microbiol 2004; 42: 497–504. https://doi.org/10.1128/JCM.42.2.497- 
504.2004
16 Venkateswaran PS, Stanton N, Austrian R. Type variation of strains of 
Streptococcus pneumoniae in capsular serogroup 15. J Infect Dis 1983; 
147: 1041–54. https://doi.org/10.1093/infdis/147.6.1041
17 van Selm S, van Cann LM, Kolkman MAB et al. Genetic basis for the 
structural difference between Streptococcus pneumoniae serotype 15B 
and 15C capsular polysaccharides. Infect Immun 2003; 71: 6192–8. 
https://doi.org/10.1128/IAI.71.11.6192-6198.2003
18 Balsells E, Guillot L, Nair H et al. Serotype distribution of Streptococcus 
pneumoniae causing invasive disease in children in the post-PCV era: a 
systematic review and meta-analysis. PLoS One 2017; 12: e0177113. 
https://doi.org/10.1371/journal.pone.0177113
19 Yanagihara K, Kosai K, Mikamo H et al. Serotype distribution and anti
microbial susceptibility of Streptococcus pneumoniae associated with in
vasive pneumococcal disease among adults in Japan. Int J Infect Dis 
2021; 102: 260–8. https://doi.org/10.1016/j.ijid.2020.10.017
20 Cooper D, Yu X, Sidhu M et al. The 13-valent pneumococcal conjugate 
vaccine (PCV13) elicits cross-functional opsonophagocytic killing re
sponses in humans to Streptococcus pneumoniae serotypes 6C and 7A. 
Vaccine 2011; 29: 7207–11. https://doi.org/10.1016/j.vaccine.2011.06. 
056
21 Richter SS, Heilmann KP, Dohrn CL et al. Pneumococcal serotypes be
fore and after introduction of conjugate vaccines, United States, 1999– 
2011. Emerg Infect Dis 2013; 19: 1074–83. https://doi.org/10.3201/ 
eid1907.121830
22 Setchanova L, Murdjeva M, Stancheva I et al. Serotype changes and 
antimicrobial nonsusceptibility rates of invasive and non-invasive 
Streptococcus pneumoniae isolates after implementation of 10-valent 
pneumococcal nontypeable Haemophilus influenzae protein D conjugate 
vaccine (PHiD-CV) in Bulgaria. Braz J Infect Dis 2017; 21: 433–40. https:// 
doi.org/10.1016/j.bjid.2017.03.011
23 Ben-Shimol S, Regev-Yochay G, Givon-Lavi N et al. Dynamics of inva
sive pneumococcal disease in Israel in children and adults in the 
13-valent pneumococcal conjugate vaccine (PCV13) era: a nationwide 

prospective surveillance. Clin Infect Dis 2022; 74: 1639–49. https://doi. 
org/10.1093/cid/ciab645
24 Sheppard C, Fry NK, Woodford N et al. Rise of multidrug-resistant non- 
vaccine serotype 15A Streptococcus pneumoniae in the United Kingdom, 
2001 to 2014. Euro Surveill 2016; 21: 30423. https://doi.org/10.2807/ 
1560-7917.ES.2016.21.50.30423
25 Andrews NJ, Waight PA, Burbidge P et al. Serotype-specific effective
ness and correlates of protection for the 13-valent pneumococcal conju
gate vaccine: a postlicensure indirect cohort study. Lancet Infect Dis 
2014; 14: 839–46. https://doi.org/10.1016/S1473-3099(14)70822-9
26 Platt HL, Cardona JF, Haranaka M et al. A phase 3 trial of safety, toler
ability, and immunogenicity of V114, 15-valent pneumococcal conjugate 
vaccine, compared with 13-valent pneumococcal conjugate vaccine in 
adults 50 years of age and older (PNEU-AGE). Vaccine 2022; 40: 
162–72. https://doi.org/10.1016/j.vaccine.2021.08.049
27 Adam HJ, Karlowsky JA, Nichol KA et al. Baseline epidemiology of 
Streptococcus pneumoniae serotypes in Canada prior to the introduction 
of the 13-valent pneumococcal vaccine. Microb Drug Resist 2012; 18: 
176–82. https://doi.org/10.1089/mdr.2011.0197
28 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: vii12–19. 
https://doi.org/10.1093/jac/dky158
29 Janoir C, Lepoutre A, Gutmann L et al. Insight into resistance pheno
types of emergent non 13-valent pneumococcal conjugate vaccine type 
pneumococci isolated from invasive disease after 13-valent pneumococ
cal conjugate vaccine implementation in France. Open Forum Infect Dis 
2016; 3: ofw020. https://doi.org/10.1093/ofid/ofw020
30 Siira L, Vestrheim DF, Winje BA et al. Antimicrobial susceptibility and 
clonality of Streptococcus pneumoniae isolates recovered from invasive 
disease cases during a period with changes in pneumococcal childhood 
vaccination, Norway, 2004–2016. Vaccine 2020; 38: 5454–63. https:// 
doi.org/10.1016/j.vaccine.2020.06.040
31 Garcia YR, Guevara JN, Izurieta P et al. Circulating clonal complexes 
and sequence types of Streptococcus pneumoniae serotype 19A world
wide: the importance of multidrug resistance: a systematic literature re
view. Expert Rev Vaccines 2021; 20: 45–57. https://doi.org/10.1080/ 
14760584.2021.1873136
32 Golden AR, Adam HJ, Gilmour MW et al. Assessment of multidrug re
sistance, clonality and virulence in non-PCV-13 Streptococcus pneumo
niae serotypes in Canada, 2011–2013. J Antimicrob Agents 2015; 70: 
1960–4. https://doi.org/10.1093/jac/dkv061
33 Lo SW, Mellor K, Cohen R et al. Emergence of a multidrug-resistant 
and virulent Streptococcus pneumoniae lineage mediates serotype re
placement after PCV13: an international whole-genome sequencing 
study. Lancet Microbe 2022; 3: e735–43. https://doi.org/10.1016/S2666- 
5247(22)00158-6

MDR S. pneumoniae in Canada: SAVE, 2011–2020                                                                                           

i25

D
ow

nloaded from
 https://academ

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

ent_1/i17/7147764 by U
niversity of M

anitoba user on 22 June 2023

http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
https://doi.org/10.1128/JCM.42.2.497-504.2004
https://doi.org/10.1128/JCM.42.2.497-504.2004
https://doi.org/10.1093/infdis/147.6.1041
https://doi.org/10.1128/IAI.71.11.6192-6198.2003
https://doi.org/10.1371/journal.pone.0177113
https://doi.org/10.1016/j.ijid.2020.10.017
https://doi.org/10.1016/j.vaccine.2011.06.056
https://doi.org/10.1016/j.vaccine.2011.06.056
https://doi.org/10.3201/eid1907.121830
https://doi.org/10.3201/eid1907.121830
https://doi.org/10.1016/j.bjid.2017.03.011
https://doi.org/10.1016/j.bjid.2017.03.011
https://doi.org/10.1093/cid/ciab645
https://doi.org/10.1093/cid/ciab645
https://doi.org/10.2807/1560-7917.ES.2016.21.50.30423
https://doi.org/10.2807/1560-7917.ES.2016.21.50.30423
https://doi.org/10.1016/S1473-3099(14)70822-9
https://doi.org/10.1016/j.vaccine.2021.08.049
https://doi.org/10.1089/mdr.2011.0197
https://doi.org/10.1093/jac/dky158
https://doi.org/10.1093/ofid/ofw020
https://doi.org/10.1016/j.vaccine.2020.06.040
https://doi.org/10.1016/j.vaccine.2020.06.040
https://doi.org/10.1080/14760584.2021.1873136
https://doi.org/10.1080/14760584.2021.1873136
https://doi.org/10.1093/jac/dkv061
https://doi.org/10.1016/S2666-5247(22)00158-6
https://doi.org/10.1016/S2666-5247(22)00158-6

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

	Results
	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	Disclaimer
	Supplementary data
	References

