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Background: V116 is a novel 21-valent pneumococcal conjugate vaccine (PCV) intended for use in adults. 

Objectives: To estimate current V116 serotype coverage in adult patients in Canada compared with PCV15, 
PCV20 and PPSV23 vaccines, and to describe isolate demographics for the eight unique serotypes (15A, 15C, 
16F, 23A, 23B, 24F, 31 and 35B) covered by V116. 

Methods: From 2018 to 2021 inclusive, the SAVE study collected 5854 invasive pneumococcal disease (IPD) iso
lates as part of a collaboration between the Canadian Antimicrobial Resistance Alliance and the Public Health 
Agency of Canada–National Microbiology Laboratory. Serotypes were determined by Quellung reaction and anti
microbial susceptibility testing performed using the CLSI broth microdilution method. 

Results: For adult patients (≥18 years), adults 50–64 years and adults ≥65 years, respectively, IPD isolate cover
age was PCV15 (42.7%; 41.0%, 39.8%), PCV20 (59.0%; 60.2%, 52.2%), PPSV23 (70.4%; 75.1%, 60.0%), V116 
(78.9%; 76.3%, 81.5%) and V116 plus PCV20 (92.2%; 91.0%, 89.3%). The eight unique V116 serotypes ac
counted for 19.7% and 26.8% of IPD isolates from adults and adults ≥65 years, respectively. Among the eight 
unique V116 serotypes, 15A and 23A demonstrated the highest rates of MDR (17.0% and 10.2%, respectively); 
6.7% of 15A isolates were XDR. 

Conclusions: V116 provided significantly (P < 0.05) greater coverage than PCV15, PCV20 and PPSV23 for adults, 
including older adults, across all Canadian geographic regions, and against IPD isolates with common antimicro
bial resistance phenotypes, including MDR. The eight unique V116 serotypes accounted for a higher proportion of 
IPD isolate serotypes in patients aged ≥65 years than younger adults.

© The Author(s) 2025. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Pneumococcal conjugate vaccines (PCVs) have demonstrated ef
fectiveness in preventing pneumococcal pneumonia and invasive 
pneumococcal disease (IPD), especially in patients at highest 
risk (i.e. children <2 years of age and adults ≥65 years of age), 
and have reduced the usage of antimicrobial agents.1–7 It is 

important to monitor the evolution of pneumococcal vaccine ser
otypes as vaccine formulations with expanded coverage become 
available in North America, Europe and across the world. 
Appreciating the current distribution of IPD serotypes aids in vac
cine coverage prediction for newly introduced formulations.

In 2000, the first PCV (PCV7, Prevnar®) was introduced. It 
provided stronger and more long-lasting protection than 
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polysaccharide vaccines via stimulation of prolonged memory T 
cells. PCV7 covered 7 of the 23 serotypes contained in pneumo
coccal polysaccharide vaccine 23 (PPSV23).6,7 PCV7 was followed 
by newer conjugated vaccines with increasing valency: PCV10, 
PCV13, PCV15 and most recently PCV20.8–11

PCV15 (Vaxneuvance®) and PCV20 (Prevnar®-20) were ap
proved for use in Canada, the USA, and several other countries 
worldwide based largely on immunogenicity data.12,13 In 2024, 
the US Advisory Committee on Immunization Practices (ACIP) re
commended the use of PCV15 (followed by PPSV23) or PCV20 in 
PCV-naive adults aged ≥65 years or 18–64 years with certain 
underlying conditions.13 In 2023, Canada’s National Advisory 
Committee on Immunization (NACI) made the preferential rec
ommendation of a single dose of PCV20, and indicated that 
PCV15 (followed by PPSV23) should be reserved for use in indivi
duals in three patient groups (≥65 years, 50–64 years with risk 
factors, and ≥18 years with immunocompromising conditions) 
only when PCV20 is not available.12 Currently, due to its only re
cent introduction to the Canadian market, its only recent NACI 
recommendation to be used in adults, and until recently its 
lack of government reimbursement for the vaccine, the usage 
of PCV20 in Canadian adults currently represents only a small 
fraction of the various pneumococcal vaccines used in adults.

V116 is a novel 21-valent PCV (PCV21) developed specifically 
for use in adults, covering serotypes first included in PCV13 (3, 
6A, 7F, 19A), PCV15 (22F, 33F), PCV20 (8, 10A, 11A, 12F) and 
PPSV23 (9N, 17F, 20), as well as eight unique serotypes (15A, 
15C, 16F, 23A, 23B, 24F, 31, 35B) not included in any currently li
censed pneumococcal vaccine.14–21 The serotypes in V116 were 
selected for inclusion based, in part, on the evaluation of avail
able global epidemiology data in older adults following introduc
tion of PCVs into both paediatric and adult national immunization 
plans.14,18,21 The eight unique serotypes in V116 substantially 
contribute to current adult pneumococcal disease burden. 
V116, also known as PCV21, was approved by the US FDA in 
June 2024. Subsequently, ACIP recommended PCV21 as an op
tion for adults aged ≥19 years who are currently recommended 
to receive a dose of a PCV.22 It should be mentioned that PCV20 
contains nine serotypes (excluding 15B/C)—1, 4, 5, 6B, 9V, 14, 
18C, 19F and 23F—that are not contained in PCV21 (V116).

The purpose of the current study was to assess V116 (PCV21) 
serotype coverage in adult patients with IPD in Canada from 2018 
to 2021 inclusive, compared with the coverage offered by earlier 
PCV15, PCV20 and PPSV23 vaccines, and to describe isolate 
demographics for the eight unique serotypes covered by V116.

Materials and methods
Bacterial isolates
The IPD isolates tested in this study were from the Streptococcus pneumo
niae Serotyping and Antimicrobial Susceptibility: Assessment for Vaccine 
Efficacy in Canada (SAVE) study, an annual national study from 2011 to 
2021 inclusive, focused on characterizing invasive isolates of S. pneumoniae 
obtained across Canada after the introduction of PCV13.7,8,23–26 The SAVE 
study is a collaboration between the Canadian Antimicrobial Resistance 
Alliance (CARA) and the Public Health Agency of Canada–National 
Microbiology Laboratory (PHAC-NML).23–27 The SAVE study received 5854 
IPD isolates from 2018 to 2021 inclusive. S. pneumoniae isolates from ster
ile sites were initially forwarded from Canadian public health laboratories 

[Canadian Public Health Laboratory Network (CPHLN)] to PHAC–NML. 
After permission was received from submitting CPHLN sites by PHAC–NML 
(as detailed in the Acknowledgments section), the S. pneumoniae isolates 
were forwarded to CARA for testing, as previously described.7,8,23–26

Serotyping
Serotyping was performed using the Quellung reaction with pool/group/ 
type/factor commercial antisera (SSI Diagnostica; Statens Serum Institut, 
Copenhagen, Denmark), as previously described.7,8,27 Serotypes 15B and 
15C were grouped together due to the reported reversible switching be
tween these serotypes and documented cross-reactive functional anti
bodies, and serotypes 6A and 6C were grouped together due to 
cross-reactive functional antibodies.15,28,29 It should be mentioned at 
this time that no data exist on whether the immunological cross-reactive 
antibodies of serotypes 15B and 15C result in clinical cross-protection.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed using custom- 
designed, broth microdilution panels produced in house using CLSI stand
ard methods, including quality control, as previously described.8,23,24

Isolates were classified as susceptible, intermediate or resistant accord
ing to CLSI breakpoints for seven antimicrobial agents: chloramphenicol, 
clindamycin, clarithromycin, doxycycline, levofloxacin, penicillin and tri
methoprim/sulfamethoxazole. Isolates defined as not susceptible were 
a combination of intermediate and resistant phenotypes. MDR was de
fined by resistance to three or more antimicrobial classes and XDR de
fined by resistance to five or more antimicrobial classes. It should be 
stated that other definitions of MDR and XDR S. pneumoniae exist.23

Penicillin resistance was defined as an MIC of ≥2 mg/L.8,23,24

Statistical analysis
Figures were generated using custom Python and R scripts. Statistically 
significant differences (P < 0.05) in vaccine coverage of isolates by demo
graphic category and coverage of MDR by vaccine V116 versus PCV20, 
V116 versus PPSV23, and PCV20 versus PPSV23 were determined using 
the two-tailed Fisher’s exact test (α = 0.05), using custom scripts in R.

Results
IPD isolate coverage by V116 and comparator vaccines
Table 1 shows the proportion of IPD isolates with V116 serotypes 
(vaccine coverage) compared with proportions for PCV13, PCV15, 
PCV20, PPSV23, and V116 combined with PCV20, stratified by col
lection year, patient age group, Canadian geographic region and 
biological sex. It should be mentioned that data on the collection 
year, patient age group, Canadian geographic region and biological 
sex were not available for all isolates. V116 provided significantly 
greater coverage of IPD isolates than PCV20 and PPSV23 for 
most age groups (including patients aged 50–64 and ≥65 years), 
across all Canadian geographic regions, and for both biological 
sexes. V116 also compared favourably regarding coverage of IPD 
isolates versus PCV15/PPSV23 in patients aged 50–64 (76.3% ver
sus 76.5%, respectively) and ≥65 years (81.5% versus 62.1%, 
respectively).

Vaccine coverage of PCV13, PCV15, PCV20, PPSV23, V116 alone, 
and V116 combined with PCV20 for all isolates, for isolates from pa
tients aged ≥18 years, and for isolates from patients aged 
≥65 years is also depicted in Figure 1a–c. For adult patients, vaccine 
coverage was 42.7% for PCV15, 59.0% for PCV20, 70.4% for 
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PPSV23, 78.9% for V116 and 92.2% for PCV20 combined with V116. 
In patients aged ≥65 years, vaccine coverage was 39.8% for 
PCV15, 52.2% for PCV20, 60.0% for PPSV23, 81.5% for V116 and 
89.3% for V116 combined with PCV20. The non-PCV21 
(non-V116) serotypes contained in PCV20 accounted for 13.7% of 
all serotypes in ages 50–64 years and 7.6% of all serotypes in 
≥65 years.

Vaccine coverage of antimicrobial-resistant and MDR 
isolates by V116 and comparator vaccines
Table 2 summarizes the proportions of IPD isolates with V116 ser
otypes (vaccine coverage) compared with PCV13, PCV15, PCV20, 

PPSV23, and V116 combined with PCV20 by antimicrobial resist
ance phenotype. V116 provided significantly greater coverage 
than both PCV20 and PPSV23 for isolates resistant to clindamycin, 
clarithromycin, doxycycline or penicillin, as well as against MDR 
and XDR isolates. V116 provided coverage of 56.3%–84.4% of ser
otypes with resistance to one antimicrobial (chloramphenicol, clin
damycin, clarithromycin, doxycycline, levofloxacin, penicillin or 
trimethoprim/sulfamethoxazole); 72.9% coverage of MDR isolates 
and 72.0% coverage of XDR isolates. Figure S1(a and b) (available 
as Supplementary data at JAC Online) provides greater detail re
garding serotypes unique to V116 and PCV20, and serotypes 
shared by V116 and PPSV23, and V116 and PCV20 including 
antimicrobial-resistant phenotypes.

Figure 1. IPD isolate coverage by vaccine formulation (PCV13, PCV15, PCV20, PPSV23, V116 and V116 combined with PCV20) and proportion of isolates 
covered by serotypes first introduced or unique to each vaccine formulation (subgroup) for (a) all isolates, (b) isolates from patients aged ≥18 years, 
and (c) isolates from patients aged ≥65 years.

Table 2. Proportion of invasive S. pneumoniae isolates with V116 serotypes, compared with other vaccine formulations (PCV13, PCV15, PCV20, PPSV23) 
and V116 combined with PCV20, stratified by antimicrobial resistance phenotypes

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

PCV13 PCV15 PCV20 PPSV23 V116
PCV20 and 

V116
V116 versus 

PCV20
V116 versus 

PPSV23
PCV20 versus 

PPSV23

CHL-R (233) 125 (53.6) 144 (61.8) 188 (80.7) 191 (82.0) 179 (76.8) 223 (95.7) NSa NS NS
CLI-R (410) 177 (43.2) 201 (49.0) 216 (52.7) 229 (55.9) 313 (76.3) 386 (94.1) <0.0001 <0.0001 NS
CLR-R (1381) 326 (23.6) 727 (52.6) 926 (67.1) 1008 (73.0) 1165 (84.4) 1302 (94.3) <0.0001 <0.0001 <0.001
DOX-R (600) 248 (41.3) 264 (44.0) 357 (59.5) 381 (63.5) 457 (76.2) 556 (92.7) <0.0001 <0.0001 NS
LVX-R (16) 4 (25.0) 5 (31.3) 6 (37.5) 8 (50.0) 9 (56.3) 12 (75.0) NS NS NS
PEN-R (170) 87 (51.2) 89 (52.4) 94 (55.3) 95 (55.9) 121 (71.2) 160 (94.1) <0.005 <0.005 NS
SXT-R (422) 108 (25.6) 150 (35.5) 257 (60.9) 267 (63.3) 265 (62.8) 319 (75.6) NS NS NS
Any resistance 

(1736)
411 (23.7) 822 (47.4) 1170 (67.4) 1221 (70.3) 1391 (80.1) 1557 (89.7) <0.0001 <0.0001 NS

MDR (442) 186 (42.1) 204 (46.2) 242 (54.8) 256 (57.9) 322 (72.9) 413 (93.4) <0.0001 <0.0001 NS
XDR (75) 60 (80.0) 62 (82.7) 69 (92.0) 68 (90.7) 54 (72.0) 74 (98.7) <0.005 <0.005 NS

CHL-R, chloramphenicol resistant; CLI-R, clindamycin resistant; CLR-R, clarithromycin resistant; DOX-R, doxycycline resistant; LVX-R, levofloxacin resist
ant; PEN-R, penicillin resistant; SXT-R, trimethoprim/sulfamethoxazole resistant.
aNS, not -significant.
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The eight unique serotypes covered by V116
Table 3 shows the proportions of the eight unique serotypes in 
V116 (15A, 15C, 16F, 23A, 23B, 24F, 31 and 35B), as well as those 
shared with PPSV23 by collection year, patient age group, 
Canadian geographic region and biological sex. The eight unique 
serotypes in V116 accounted for 21.2% of serotypes for all iso
lates, and 16.5% and 27.1% of all serotypes isolated from pa
tients aged 50–64 and ≥65 years, respectively (Figure 2). The 
eight unique serotypes in V116 were found in all Canadian geo
graphic areas (range, 16.6%–22.8%) and in both biological sexes 
(20.5% in males and 22.8% in females). The shared serotypes of 
V116 and PPSV23 accounted for 11.9% of all isolates, 15.3% in 
patients aged 50–64 years, and 10.4% in patients aged 
≥65 years. The shared serotypes of V116 and PPSV23 were 

present in all Canadian regions and in both biological sexes. 
PCV-20 unique serotypes not contained in V116 accounted for 
12.7% of all isolates, 13.6% of isolates from patients aged 50– 
64 years, and 7.9% of isolates from patients aged ≥65 years 
(Table S1). V116 coverage by Canadian geographic region ranged 
from 74.5% to 83.8% for patients aged 50–64 years and from 
77.7% to 80.9% for patients aged ≥65 years (Figure S2).

Antimicrobial resistance in the eight unique serotypes in 
V116
Figure 2(a and b) shows the breakdown of the V116 eight unique 
serotypes by study year, age, geographic location and biological 
sex, as well as antimicrobial resistance phenotype. Of the eight 

Figure 2. Coverage of IPD isolates by V116 unique serotypes stratified by (a) collection year, patient age group, Canadian geographic region and bio
logical sex, and by (b) antimicrobial resistance phenotype. CHL-R, chloramphenicol resistant; CLR-R, clarithromycin resistant; CLI-R, clindamycin resist
ant; DOX-R, doxycycline resistant; LVX-R, levofloxacin resistant; PEN-R, penicillin resistant; SXT-R, trimethoprim/sulfamethoxazole resistant; any R, any 
resistance.
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unique V116 serotypes, 15A demonstrated the highest resist
ance to chloramphenicol, clarithromycin, clindamycin, doxycyc
line, resistance to any one single agent, and the highest MDR 
rate (17.0%) and XDR rate (6.7%). Serotype 23A also demon
strated frequent antimicrobial resistance, as well as the highest 
rate of resistance to levofloxacin (12.5%) and an MDR rate of 
10.2%. Table S2 shows additional antimicrobial resistance data 
for V116 and PPSV23 shared serotypes. Of the V116 and 
PPSV23 shared serotypes, antimicrobial resistance ranged from 
a low of 2.4% for penicillin to a high of 12.5% for levofloxacin. 
Table S3 shows antimicrobial resistance data for V116 and 
PCV20 shared serotypes. For these serotypes, resistance ranged 
from a low of 18.8% for levofloxacin to a high of 61.8% for chlor
amphenicol, and demonstrated an MDR rate of 34.2% and an 
XDR rate of 65.3%. Among the isolates with PCV20 unique sero
types, resistance ranged from a low of 7.8% for clindamycin 
and clarithromycin to a high of 22.4% for penicillin, with an 
MDR rate of 19.9% and an XDR rate of 26.7%.

Discussion
Before the COVID-19 pandemic, approximately 100 000 non- 
invasive pneumococcal pneumonia hospitalizations and 30 000 
IPD cases occurred annually among adults in the USA.22 This sig
nificant disease burden, as well as the evolution of non-vaccine 
serotypes including antimicrobial non-susceptible serotypes, ne
cessitates the continued development of higher-valency 
PCVs.18,21,30–32 V116 (PCV21) is a novel 21-valent PCV developed 
specifically for use in adults, covering serotypes first included in 
PCV13 (3, 6A, 7F, 19A), PCV15 (22F, 33F), PCV20 (8, 10A, 11A, 
12F) and PPSV23 (9N, 17F, 20), as well as eight unique serotypes 
(15A, 15C, 16F, 23A, 23B, 24F, 31, 35B).14–17,19–21 V116 contains 
4 μg of each pneumococcal polysaccharide individually conju
gated to the non-toxic diphtheria toxoid CRM197 carrier protein.19

Our study showed that V116 demonstrated greater coverage 
of IPD isolates than PCV20 and PPSV23 for patients aged 50–64 
and ≥65 years (Table 1). In patients aged ≥65 years, V116 of
fered the highest coverage at 81.5% (versus 52.2% for PCV20 
and 60.0% for PPSV23) (Table 1). Our finding (81.5% vaccine 
coverage) compares favourably with data from US investigators 
who reported that serotypes contained in PCV21 caused approxi
mately 80% of IPD cases among adults with indications for 
vaccination.21,22

Earlier studies in adults have compared the immunogenicity 
of V116 with comparator vaccines (PCV15, PCV20, PPSV23) by 
measuring opsonophagocytic activity geometric mean titres 
and percent seroresponders.16,17,19,20 In brief, among immuno
competent, pneumococcal vaccine-naive adults aged ≥50 years, 
V116 met non-inferiority criteria for serotypes shared with com
parator vaccines (PPSV23, PCV20).16,17,19,20 V116 elicited signifi
cantly higher immune responses for all V116 unique serotypes 
except 15C, which is likely the result of the presence of serotype 
15B in other vaccines generating cross-reactive functional anti
bodies.16,17,19,20 It bears repeating, however, that no data exist 
on whether the immunological cross-reactive antibodies of 
serotypes 15B and 15C result in clinical cross-protection. 
Among immunocompetent adults aged ≥50 years who had pre
viously received a pneumococcal vaccine (PCV13 or PPSV23) 
≥1 year before enrolment, V116 demonstrated comparable 

immunogenicity for shared serotypes and was immunogenic 
for unique serotypes compared with PPSV23 or PCV15. Among 
adults who had previously received PPSV23 followed by or pre
ceded by PCV13, PPSV23 preceded by PCV15, or PCV15 alone, 
V116 was immunogenic for all serotypes.19 V116 demonstrated 
comparable safety to comparator vaccines.16,17,19,20 Available 
V116 clinical data are solely immunological and no clinical effi
cacy of clinical effectiveness data are available.33,34 Thus, 
whether V116 immunogenicity will in fact confer clinical effect
iveness needs to be proven in real-world studies.

In the current study we observed that V116 coverage of 
antimicrobial-resistant, MDR and XDR serotypes was significantly 
greater compared with PCV20 and PPSV23, including the MDR 
and XDR serotypes 19A, 15A, 23A and 35B, which are commonly 
identified as MDR serotypes (Table 2).23,25,32 It should be stated 
that other definitions of MDR and XDR S. pneumoniae exist and 
thus our vaccine coverage data of MDR and XDR strains should 
be interpreted with caution.23 We also observed that the eight 
unique serotypes in V116 represented 27.1% of all serotypes in 
patients aged ≥65 years (Table 3), which compares favourably 
with data from the USA that showed 20%–30% of IPD was due 
to the eight new serotypes contained in PCV21.22

ACIP recommends that adults aged ≥50 years, as well as 
adults aged 19–49 years with certain risk conditions for pneumo
coccal disease who have not received a PCV or whose vaccination 
history is unknown, receive either PCV20 or PCV15 followed by 
PPSV23 or V116, with no preferential recommendation for which 
vaccine to use.13,22 Our data suggest that V116 (76.3% and 
81.5%) would provide the broadest vaccine coverage in adults 
aged 50–64 and ≥65 years, respectively, followed by PPSV23 
(75.1% and 60.0%) and PCV20 (60.2% and 52.2%) (Table 1). In 
adults aged 19–49 years with certain risk conditions for pneumo
coccal disease, PCV20 and PCV21 (V116) coverage was similar at 
69.2% and 72.3%, respectively (Table 1). Our data also suggest 
that in patients who have already received PCV13, PCV15, 
PCV20 or PPSV23, V116 may offer an additional 55.5%, 41.7%, 
29.3% or 21.5% coverage (Table 1). It should, however, be men
tioned that currently no recommendations exist for patients who 
have received PCV20 that they should also receive PCV21 
(V116).35 In Canada, NACI has made a preferential recommen
dation of PCV20 for adults aged ≥65 years; thus, in adults aged 
≥65 years who have already received PCV20, V116 may offer 
29.3% additional coverage (Table 1).12

The SAVE study has several limitations that require mention
ing. The lack of representation of western Canada’s two most po
pulated provinces, Alberta and British Columbia, mitigate any 
firm conclusions being drawn from regional comparisons. An im
portant limitation of the SAVE study (2018–21) is that serotype 
evolution continues in Canada and other jurisdictions (post the 
COVID-19 pandemic) and thus vaccine coverage needs to be as
sessed annually based on serotype distribution regionally and 
nationally. During the 2020 and 2021 years of the COVID-19 pan
demic, a reduced number of isolates were received and tested in 
the SAVE study, which could have impacted the results. Recent 
data post COVID-19 from Canada show that serotypes 4 and 
9V, not covered by V116, are increasing in Canadian adults thus 
lowering V116 coverage compared with PCV20.35 In fact, sero
type 4 has been reported to be re-emerging also in some regions 
of the USA, and in some populations may represent ≥30% of 
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pneumococcal disease, meaning that in these populations PCV20 
alone or PCV15 and PPSV23 in series may provide broader sero
type coverage compared with V116.22,35 This clinical guidance 
speaks to the critical need for ongoing pneumococcal surveil
lance to assess serotype evolution including assessing the pro
portion of non-PCV21 (V116) serotypes that are contained in 
PCV20. Some serotypes such as serotype 3 continue to cause dis
ease despite being a component of pneumococcal vaccines.36

Although V116 has demonstrated a greater immunological re
sponse (1.55 times the geometric mean titre ratio) than PCV20 
versus serotype 3, it is unknown if this translates into increased 
effectiveness.19 Lastly, it is unclear how V116 compares with 
PCV20 in terms of cost.21,22 Different models cannot agree 
whether V116 is cost-saving compared with PCV20.21,22

In summary, V116 provided significantly greater coverage of 
IPD isolates than PCV15, PCV20 and PPSV23 for different age 
groups, including adults aged 50–64 and ≥65 years, across all 
Canadian geographic regions, and for all individual antimicrobial 
resistance phenotypes, as well as MDR isolates. In patients aged 
≥65 years, vaccine coverage was 39.8% for PCV15, 52.2% for 
PCV20, 60.0% for PPSV23, 81.5% for V116, and 89.3% for V116 
combined with PCV20. The eight unique serotypes in V116 repre
sented 27.1% of all serotypes in patients aged ≥65 years.
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