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PREAMBLE 
 
The National Advisory Committee on Immunization (NACI) is an External Advisory Body that 
provides the Public Health Agency of Canada (PHAC) with independent, ongoing and timely 
medical, scientific, and public health advice in response to questions from PHAC relating to 
immunization.  
 
In addition to burden of disease and vaccine characteristics, PHAC has expanded the mandate 
of NACI to include the systematic consideration of programmatic factors in developing evidence 
based recommendations to facilitate timely decision-making for publicly funded vaccine programs 
at provincial and territorial levels.  
 
The additional factors to be systematically considered by NACI include: economics, ethics, equity, 
feasibility, and acceptability. Not all NACI statements will require in-depth analyses of all 
programmatic factors. While systematic consideration of programmatic factors will be conducted 
using evidence-informed tools to identify distinct issues that could impact decision-making for 
recommendation development, only distinct issues identified as being specific to the vaccine or 
vaccine-preventable disease will be included.  
 
This statement contains NACI’s independent advice and recommendations, which are based 
upon the best current available scientific knowledge. This document is being disseminated for 
information purposes. People administering the vaccine should also be aware of the contents of 
the relevant product monograph. Recommendations for use and other information set out herein 
may differ from that set out in the product monographs of the Canadian manufacturers of the 
vaccines. Manufacturer(s) have sought approval of the vaccines and provided evidence as to its 
safety and efficacy only when it is used in accordance with the product monographs. NACI 
members and liaison members conduct themselves within the context of PHAC’s Policy on 
Conflict of Interest, including yearly declaration of potential conflict of interest. 
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A systematic review and de novo model-based economic evaluation were used as economic 
evidence to support decision-making for the use of 15-valent (Pneu-C-15) and 20-valent (Pneu-
C-20) pneumococcal conjugate vaccines in the pediatric population. Each component is 
described below.  
 

I. SYSTEMATIC REVIEW 
A systematic review of economic evaluations of Pneu-C-15 and Pneu-C-20 vaccines for 
preventing pneumococcal disease (PD) was conducted. The review included economic 
evaluations that compared Pneu-C-15 or Pneu-C-20 to currently used vaccines to prevent PD in 
the pediatric population aged less than 18 years. The research question components included:  
 

 Population: Individuals less than 18 years of age 
 Intervention: Pneu-C-15 or Pneu-C-20 (alone or in series with other pneumococcal 

vaccines) 
 Comparator: Current vaccines for PD (10-valent conjugate vaccine (Pneu-C-10), 13-valent 

conjugate vaccine (Pneu-C-13), 23-valent polysaccharide (Pneu-P-23))  
 Outcomes: Measures of economic outcomes (incremental cost per quality-adjusted life 

year (QALY), incremental cost per life year, etc.)  
 

The systematic review was conducted in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA) guidelines (1). A systematic literature search 
for English- and French-language studies was conducted in six electronic databases: Embase, 
Ovid Medline, International Pharmaceutical Abstracts, EBM Reviews, SCOPUS, and Econlit. A 
comprehensive search strategy was developed in consultation with and validated by a Librarian. 
The search was limited to records published between January 1, 2018 to March 7, 2023. Search 
terms included pneumococcal vaccine, conjugate vaccine, pneumococcal infection, PCV15 
(Pneu-C-15), PCV20 (Pneu-C-20), cost, cost-effectiveness, cost-utility, economic evaluation, 
economic impact, and financial effect. A search of grey literature was also conducted following 
the Canadian Agency for Drugs and Technologies in Health Grey Matters tool (2). References of 
the included studies were also manually searched to identify any additional relevant studies.  

All levels of screening including title, abstract, and full text, were completed in duplicate using 
predetermined eligibility criteria. Any discrepancies during the study selection process were 
resolved through consensus. A standardized data extraction tool developed based on the 
Consolidated Health Economics Evaluation and Reporting Standards statement (3) was used to 
collect study characteristics, methods and findings of included studies. The overall quality of 
included studies was assessed using Joanna Briggs Institute (JBI) Critical Appraisal Checklist for 
Economic Evaluations (4). The applicability or transferability of included studies was assessed 
using Heyland’s Generalizability Criteria (5). No studies were excluded based on these appraisals. 

Study and population characteristics were summarized qualitatively. Incremental cost-
effectiveness ratios (ICERs) were adjusted to 2022 Canadian dollars (C$) using the purchasing 
power parity rates from the Organization for Economic Co-operation and Development (OECD)(6) 
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and inflation rates from the Bank of Canada (7). For the remainder of this review, results are 
reported as adjusted ICERs (2022 C$). 

I.1. Description of Included Studies 

The systematic literature search identified two model-based studies that met the eligibility criteria, 
both conducted in the United States (US) (8, 9). The study characteristics are summarized in Table 
1. Each of the studies included both a cost-utility analysis and a cost-effectiveness analysis (8, 9). 
Cost-utility analyses and cost-effectiveness analyses differ in how they measure the effectiveness 
of an intervention. Cost-utility analysis uses QALYs as the metric for effectiveness, which 
combines both quality and quantity of life, whereas cost-effectiveness analysis uses natural units 
such as life-years saved, or PD cases or deaths prevented. The findings of the two US studies 
included in this review (8, 9) were also reported by the Advisory Committee on Immunization 
Practices (10). One of the two included studies was industry sponsored (9). Both studies used a 
societal perspective and the US-recommended 3% discount rate for costs and outcomes (8, 9). 
One study used a lifetime time horizon (9), while the other used a 17-year time horizon to track 
disease incidence, but included lifetime costs and effects of long-term sequelae and premature 
mortality due to PD during the model time horizon (8). Economic outcomes were reported as 
ICERs, expressed as the incremental cost per QALY gained, incremental cost per LY saved, 
and/or incremental cost per PD cases averted. 

One study used a cohort Markov model that followed a single age cohort over time (8) and the 
other study used a multi-cohort Markov model that followed the entire US population from birth 
up to age of 100 years and allowed new birth cohorts to enter the population each year over 100 
years of model duration (9). Both models employed a similar approach to model the risk of PD, 
including invasive pneumococcal disease (IPD), non-bacteremic pneumococcal pneumonia, 
pneumococcal acute otitis media (AOM) and long-term post-meningitis sequelae as health 
outcomes. Deterministic sensitivity analysis and scenario analyses were reported for both studies 
(8, 9).  

Both reviewed studies compared the cost and health impacts of using Pneu-C-15 to current 
recommendations. No eligible studies were identified that included Pneu-C-20. At the time the 
studies were conducted, the US recommended 3 + 1 dosing schedules of Pneu-C-13 for all 
children younger than two years of age. Vaccination coverage was estimated as 92% for all 3-
doses in the primary series and 82% for the booster dose (8, 9). In an additional analysis examining 
the impact of a supplementary dose of Pneu-C-15 for children aged two to five years who were 
fully vaccinated with Pneu-C-13 (as a catch-up campaign), 50% vaccination coverage was 
assumed (8). The price of Pneu-C-15 was unknown at the time the studies were conducted. Both 
studies assumed price parity with Pneu-C-13 for the base case analysis, using a weighted 
average price estimated based on public (61-65%) and private (35-39%) purchase shares for 
Pneu-C-13 (8, 9). One study carried out a threshold analysis to establish the maximum price at 
which Pneu-C-15 is cost-saving (9). 

Both studies assumed that Pneu-C-15 had the same vaccine effectiveness (VE) as Pneu-C-13 
for serotypes included in Pneu-C-13, but included protection against two additional serotypes (i.e., 
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22F and 33F). One study assumed that Pneu-C-15 and Pneu-C-13 vaccines also offer protection 
against serotype 6C, due to assumed cross-protection by serotype 6A (which is included in both 
vaccines) (8). All studies assumed 15 years of vaccine protection, with full protection for the first 5 
years after complete vaccination and a linear waning to 0% effectiveness over the next 10 years 
(8, 9). Both models were static and did not simulate transmission dynamics. The models assessed 
the potential indirect effects of childhood Pneu-C-15 vaccination by incorporating a relative 
reduction in the incidence of IPD or PD caused by serotypes 22F and 33F (8, 9). One study included 
the indirect effect as yearly reduction of 7.8% in PD incidence associated with serotypes 22F and 
33F (8) while the other assumed a 7.8% reduction of IPD incidence during the first year that 
gradually increased to a maximum reduction of 33.4% per year in year 5 and subsequent years 
(9). 

Table 1. Study and population characteristics of economic evaluations comparing Pneu-C-15 to 
Pneu-C-13 

Author, 
year, 
country 

Analytic 
technique, 
Perspective 

Model 
type 
(cohort) 

Indirect 
effects 
included 

Outcome 
measure 

Time horizon, 
discount rate 

Dosing 
schedule  

Vaccination 
coverage 

Duration of 
vaccine 
protection  

Prasad et 
al., 2023, 
United 
States (8) 

CUA, Societal  Markov 
(single 
cohort, 3.9 
million 
infants) 

Yes, 
included 
as a 
relative 
reduction 
in the 
incidence 
rate of PD 

Cost per 
QALY; 
Cost per 
LY 

17 years to 
track disease 
incidence and 
lifetime for 
long-term 
outcomes, 3% 

3 + 1 (3-
dose 
primary 
series and a 
booster 
dose) 

92.4% for the 
primary series; 
and 82.3% for 
the booster 
dose 

Full protection for 
first 5 years and 
linear waning to 
0% effectiveness 
over next 10 years 

Huang et. 
al., 2023, 
United 
States (9) 

CUA, Societal Markov 
(multi-
cohort, 
345 million 
infants 
over 100 
year 
model 
duration) 

Yes, 
included 
as a 
relative 
reduction 
in the 
incidence 
rate of 
IPD 

Cost per 
QALY; 
Cost per 
LY 

100 years to 
track disease 
incidence and 
lifetime for 
long-term 
outcomes, 3% 

3 + 1 (3-
dose 
primary 
series and a 
booster 
dose) 

91.9% for the 
primary series 
and 82.4% for 
the booster 
dose 

Full protection for 
first 5 years and 
linear waning to 
0% effectiveness 
over next 10 years 

 

I.2. Main Results 
Both model-based economic evaluations reported the incremental cost-effectiveness of replacing 
Pneu-C-13 with Pneu-C-15 in the pediatric population, and the results are summarized in Table 
2. The use of Pneu-C-15 within the routine immunization program was found to be the dominant 
strategy in these studies, resulting in lower costs and improved health outcomes compared to 
Pneu-C-13 when vaccine price equivalence was assumed.  
 
For the societal perspective, medical cost savings accounted for 47% of the total cost savings in 
the single cohort model (8) and 63% in the multicohort model analyses (9). About 47% of the total 
cost savings and 67% of total QALY gains in the multicohort study were attributed to indirect 
effects of the vaccine among the unvaccinated population (9).  
 
The study that evaluated the impact of a supplemental Pneu-C-15 dose among children aged two 
to five years who were fully vaccinated with Pneu-C-13 found that a catch-up campaign was 
unlikely to be cost-effective under commonly used thresholds, with ICERs ranging from 
C$3,594,936 to C$7,592,987 per QALY gained (8). 
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Table 2. Main results by study 
Author, 
Year 

Strategy  Original 
currency, 
year 

Incremental cost (adjusted, 
C$2022) 

Incremental Effects ICER 

Prasad et. 
al., 2023 (8) 

Pneu-C-15 
vs.  
Pneu-C-13  

US$2021 -202,279,620 (total cost-saving).  
C$94,947,577 medical cost 
savings; C$68,802,592 vaccine 
cost savings; and C$37,153,400 
nonmedical cost savings 

759 QALYs gained; 664 LYs 
saved; prevented 92,290 
additional PD events and 22 
associated deaths 
 

Pneu-C-15 
Dominant 
 

Huang et. 
al., 2023 (9) 

Pneu-C-15 
vs. 
Pneu-C-13  

US$2021 -14,885,513,811 (total cost-
saving).  
C$9.7 billion medical cost savings; 
$5.7 billion non-medical cost 
savings; and C$34,996 additional 
vaccine costs  

96,056 QALYs gained; 
90,026 LYs saved; prevented 
12,328,503 PD cases and 
20,238 associated deaths 

Pneu-C-15 
Dominant 

I.3. Influential Parameters and Assumptions 
Several scenario and sensitivity analyses were reported for both studies (8, 9) and with the 
exception of the vaccine price threshold analysis (9), all results showed that Pneu-C-15 was a 
dominant vaccination strategy compared to Pneu-C-13 (Table 3), consistent with the base case 
conclusions. The most influential parameters for the single cohort model were QALY decrements 
for AOM and QALY decrements for tympanostomy tube insertions (8). Results of the multicohort 
model were most sensitive to changes in VE against all-cause inpatient pneumonia, vaccination 
coverage, indirect effects of vaccination (modelled as a relative reduction of IPD incidence), and 
incidence and fatality rates of bacteremic pneumonia in older adults (9). In both models, exclusion 
of indirect effects associated with use of Pneu-C-15 reduced the cost savings and QALYs gained, 
but Pneu-C-15 remained the dominant strategy, when the vaccine was assumed to be priced the 
same as Pneu-C-13 (8, 9). Use of a health care payer perspective scenario that included only 
vaccination and direct medical costs resulted in continued dominance of Pneu-C-15 over Pneu-
C-13, assuming both were priced equally (9). 
 
Although both economic evaluations assumed an equivalent price for Pneu-C-15 and Pneu-C-13 
in the base case analyses, increased vaccine prices for Pneu-C-15 were explored in scenario 
analyses. When the public price of Pneu-C-15 in the single cohort model was assumed to be 5% 
higher than Pneu-C-13 (C$219.94 vs. C$209.46), Pneu-C-15 led to $123 million cost savings and 
759 more QALYs compared to Pneu-C-13 (8). Threshold analysis in the multicohort model 
indicated that Pneu-C-15 would remain the dominant vaccination strategy with a maximum price 
per dose 18% higher than Pneu-C-13 (9). 

Sensitivity analyses of the catch-up campaign of Pneu-C-15 for children under five assuming a 
higher proportion of pneumococcal AOM (19% among children aged less than 2 years and 23% 
among children aged 2 years and older) and a higher proportion of sequalae after meningitis (20% 
among children aged less than 5 years and 30% among children aged ≥5 years) resulted in ICERs 
of more than $3.5 million per QALY and $3.6 million per QALY, respectively. 

Table 3. Scenario analysis assumptions and results 
(A) Single birth cohort model (3.9 million infants) a (8)  

Base case assumptions Scenario analysis 
assumptions 

Incremental cost ($ 
millions, adjusted) 

Incremental effects 
(QALYs gained) 

ICER 

Assumed equal price of 
Pneu-C-15 and Pneu-C-
13 

5% higher public 
price for Pneu-C-15 

-123.60 759 Pneu-C-15 
dominant 

Included indirect effects Excluded indirect 
effects 

-184.71 622 Pneu-C-15 
dominant 

aIn base case analysis, Pneu-C-15 was dominant, with an incremental cost of -$202 million and 759 QALYs gained.  
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(B) Multiple birth cohort model (345 million infants) a (9)  
Base case assumptions Scenario analysis assumptions Incremental 

cost ($ 
millions, 
adjusted) 

Incremental 
effects 
(QALYs 
gained) 

ICER 

Multiple birth cohort, and 
full vaccine protection for 
first 5 years and 
decreased linearly to 0 
over the next 10 years 

Single birth cohort and full vaccine 
protection for first 10 years after 
vaccination and no vaccine protection 
thereafter 

-296.22 1,329 Pneu-C-15 
dominant 

Societal perspective  Health care system perspective -9443.42 96,056 Pneu-C-15 
dominant 

100 year model duration 
for disease incidence and 
lifetime time horizon for 
long-term outcomes 

10 year model duration for disease 
incidence and lifetime time horizon for 
long-term outcomes 

-2,979.67 10,696 Pneu-C-15 
dominant 

VE of Pneu-C-15 against 
IPD and AOM was same 
as Pneu-C-13, but 
included additional 
protection for serotypes 
22F and 33F 

VE against IPD and AOM derived from 
post-primary series immunogenicity of 
Pneu-C-15 (11), with higher VE for serotype 
3 and lower VE for 6A. Additionally, higher 
VE against IPD for serotypes 4, 19F, and 
23F; and lower VE against IPD for 
serotypes 1, 5, 6B, 7F, 9V, 14, 18C, and 
19A were assumed. 

-15,440.55 
 

98,501 Pneu-C-15 
dominant 

QALY decrements for 
each PD event based on 
Rubin et al., 2010 (12) and 
Mangen et al., 2015 (13) 

Applied lower QALY decrement than the 
base case for all PD events, except: 
inpatient pneumonia in less than 18 years 
of age and outpatient pneumonia in 18+ 
years of age, which had higher QALY 
decrements (14) 

-15,022.82 
 

85,926 Pneu-C-15 
dominant 

Included indirect effects Excluded indirect effects -7,915.25 28,050 Pneu-C-15 
dominant 

Multiple birth cohort and 
included indirect effects 

Single birth cohort and excluded indirect 
effects  

-243.03 
 

916 Pneu-C-15 
dominant 

Multiple birth cohort, QALY 
decrements for each PD 
event based on Rubin et 
al., 2010 (12) and Mangen 
et al., 2015 (13)  

Single birth cohort; applied lower QALY 
decrement than the base case for all PD 
events, except for: inpatient pneumonia in 
less than 18 years of age and outpatient 
pneumonia in 18+ years of age, which had 
higher QALY decrements (14) 

-292.47 
 

958 Pneu-C-15 
dominant 

aIn base case analysis, Pneu-C-15 was dominant, with an incremental cost of -$14,885 million and 96,056 QALYs gained.  

I.4. Quality of Studies 
Both studies met 100% of the JBI quality appraisal checklist criteria (8, 9) (Table 4).  
 
Table 4. Quality appraisal results 

 Critical appraisal: Joanna Briggs Institute checklist* 
Author; year 1 2 3 4 5 6 7 8 9 10 11 
Huang et. al., 2023 Y Y Y Y Y Y Y Y Y Y Y 

Prasad et. al., 2023 Y Y Y Y Y Y Y Y Y Y Y 
Y= Yes, N= No, U= Unclear 
*Questions: 1. Is there a well-defined question? 2. Is there comprehensive description of alternatives? 3. Are all important 
and relevant costs and outcomes for each alternative identified? 4. Has clinical effectiveness been established? 5. Are costs 
and outcomes measured accurately? 6. Are costs and outcomes valued credibly? 7. Are costs and outcomes adjusted for 
differential timing? 8. Is there an incremental analysis of costs and consequences? 9. Were sensitivity analyses conducted to 
investigate uncertainty in estimates of cost or consequences? 10. Do study results include all issues of concern to users? 11. 
Are the results generalizable to the setting of interest in the review? 
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I.5. Generalizability 
Given that neither of the studies were conducted in Canada, the transferability of the cost-
effectiveness estimates was assessed. Both studies are generally applicable to the Canadian 
health system because they were conducted in OECD country. The methods used for costing and 
outcome measurement, and analytic techniques used in the US studies were consistent with 
NACI guidelines (15), but the 3% discount rate was higher than recommended in Canada (1.5%). 
Higher healthcare costs in the United States compared to Canada may limit generalizability to the 
Canadian context (16). It is also important to note that the studies from the US used a 4-dose 
schedule, but Canada's routine vaccination program recommends either a 3-dose or a 4-dose 
schedule, potentially influencing cost-effectiveness estimates. The applicability of the base case 
assumption of an equivalent price per dose for Pneu-C-13 and Pneu-C-15 (8, 9) to the Canadian 
context is uncertain because Pneu-C-15 was not publicly procured in Canada at the time of the 
review.  
 

I.6. Conclusions 
A review of the peer-reviewed and grey literature identified two model-based economic 
evaluations comparing Pneu-C-15 to Pneu-C-13 and no evaluations comparing Pneu-C-20 to 
other vaccines in the pediatric population. Both studies included in this review were considered 
high-quality. The studies generally indicated that Pneu-C-15 was a dominant vaccination strategy 
at price parity between Pneu-C-15 and Pneu-C-13, resulting in substantial cost savings as well 
as gains in health. The most influential parameters identified in the studies included indirect 
effects, VE against all-cause inpatient pneumonia, QALY decrements for AOM, QALY 
decrements for tympanostomy tube insertions, vaccination coverage, and incidence and fatality 
rates of bacteremic pneumonia in older adults. Vaccine price was also identified as influential 
though limited sensitivity analyses on its impact were reported.
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II. COST-UTILITY ANALYSIS 
II.1 Economic Model Description 
A model-based cost-utility analysis was conducted to assess the cost-effectiveness of Pneu-C-
15 and Pneu-C-20 vaccines compared to Pneu-C-13 in previously unvaccinated infants eligible 
for routine pneumococcal vaccination, using health system and societal perspectives. An impact 
inventory table summarizing the impacts that were included and excluded in the economic 
evaluation for each of the two reference cases is provided in Appendix A. A static Markov cohort 
model was used to explore the impact of alternate pediatric vaccination policies on S. 
pneumoniae-associated health outcomes in the Canadian population. Incidence of IPD, non-
invasive pneumococcal community acquired pneumonia (pCAP), and AOM were used to inform 
the cost-utility analysis. Outcomes included PD cases and deaths averted, QALYs lost, costs, and 
ICERs. Scenario and sensitivity analyses were conducted to examine the impact of uncertainty 
on the results. 
 
The model follows a multi-age population cohort over a 10-year period, with births and deaths 
occurring (i.e., an open population model) according to Canadian population projections (17-19). 
Upon model entry, a proportion of each birth cohort was vaccinated, based on estimated 
Canadian pediatric vaccination coverage, assuming a 2+1 schedule (at 2, 4, and 12 months of 
age). People did not have pneumococcal disease (PD) on model entry but could develop IPD, 
pCAP, and AOM over their lifetime (Figure 1). There was a risk of death associated with PD. A 
proportion of people with IPD developed meningitis and could experience major long-term 
sequelae (post-meningitis sequelae). IPD was assumed to be treated in hospital, while non-
invasive pCAP could be treated in an inpatient or outpatient setting. AOM was treated in an 
outpatient setting. Incidence, costs, and health consequences of AOM were restricted to people 
aged less than 10 years (20). Vaccination was assumed to reduce the risk of PD due to the 
serotypes included in the vaccine.  
 
The model was static and did not incorporate dynamic feedbacks (i.e., community immunity 
effects). Indirect effects of vaccination in older age groups and unvaccinated pediatric population 
groups due to vaccination of the pediatric population were approximated and assessed in a 
scenario analysis. A 10-year period was used at the program level to assess the cost-
effectiveness of vaccination programs over a policy-relevant time horizon, and a lifetime time 
horizon was used at the individual level (i.e., all long-term consequences of PD accrued over an 
individual’s lifetime were included). Costs and QALYs were used to calculate ICERs. Costs are in 
2022 Canadian dollars and, where necessary, were converted using the Canadian Consumer 
Price Index (21). A discount rate of 1.5% was used for costs and outcomes and cost-effectiveness 
was assessed from both the health system and societal perspectives, consistent with NACI 
guidelines (15). The model was constructed and analyzed using R (22). 
 
Probabilistic model estimates were based on 10,000 simulations; for each model simulation, 
parameters were drawn from distributions, results were calculated for each scenario and 
summary results across the 10,000 simulations were calculated. A sequential analysis was 
conducted to compare multiple vaccination strategies. Sequential ICERs were calculated by 
ordering the strategies from lowest to highest cost and comparing incremental costs and QALYs 
gained for a given strategy to the next less costly strategy. In the sequential analysis, a strategy 
is eliminated if there are other strategies that are projected to result in more QALYs gained at 
lower costs (i.e., the strategy is dominated) or there is a combination of other strategies that would 
result in more QALYs gained at lower costs, such that the excluded strategy would never be the 
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optimal intervention, regardless of the cost-effectiveness threshold used (i.e., the strategy is 
subject to extended dominance). Cost-effectiveness acceptability curves were derived from the 
probabilistic outputs.  
 

 
Figure 1. Overview of health states included in the model and possible transitions between health states.  

II.2 Model Parameters 
Model parameters describing PD epidemiology (  
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Table 5), vaccine characteristics (  



 

14 | Public health level recommendations on the use of pneumococcal vaccines in children, including the use 
of 15-valent and 20-valent conjugate vaccines: Economic evidence supplementary appendix 

 

Table 6), costs (Table 7 and   
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Table 8), and health utilities (  
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Table 9) were obtained from available data and published studies, wherever possible, and by 
assumption otherwise. Canadian data were used preferentially. Where ranges are specified, 
model parameters were drawn from distributions for the analysis. Beta distributions were used for 
probabilities and utilities, and gamma distributions were used for costs. 
 
Data on annual incidence of IPD by age were obtained from the International Circumpolar 
Surveillance (ICS) program and the Canadian Notifiable Disease System (CNDSS), using rates 
for the year 2019. Data on annual incidence of CAP and AOM were based on an analysis for the 
provinces of Ontario and British Columbia (23). Literature-derived estimates of the proportion of 
disease attributable to S. pneumoniae were used to estimate pneumococcal-attributable disease 
burden for CAP and AOM (24-27). The proportion of CAP treated in the outpatient setting was 
estimated from published studies (28). The proportion of PD cases attributable to serotypes 
contained in the vaccines was obtained from Canadian IPD surveillance data; in the base case 
analysis, this proportion was assumed to be the same for all disease manifestations. Estimates 
of case-fatality and risk of long-term sequelae were obtained from the literature (20, 26, 29, 30). Post-
meningitis sequelae were conceptualized as auditory or neurologic sequelae in survivors of 
meningitis. Post-meningitis sequelae were assumed to be permanent.  
 
A 2+1 immunization schedule was assumed, with coverage of the full series estimated from the 
childhood National Immunization Coverage Survey (31). National coverage data for first and 
second doses were not available; coverage for the first two doses was assumed to be 2.5 
percentage points higher than the third, as was observed for the dTaP vaccine (31). Adverse events 
following immunization were not included in the model.  
 
Immune responses are lower for Pneu-C-15 and Pneu-C-20 compared to Pneu-C-13 for a number 
of shared serotypes, but it is not known how this may impact VE; consequently, VE was assumed 
to be equal to that reported for Pneu-C-13 but extended to include the additional serotypes 
included in these vaccines. VE for preventing PD due to serotype 3 (ST3) was lower than for other 
serotypes (8, 32). VE for IPD was higher than for pCAP and AOM (8, 33, 34). Full VE was assumed to 
be reached after completion of the full three dose series, with lower VE achieved after two doses 
(35). Vaccine protection was assumed to start after the second dose (at 4 months), resulting in 8 
months of protection in the first year of life in vaccinated infants. VE following immunization was 
assumed to remain constant for 5 years after the last dose, followed by a linear decline to 0 over 
the subsequent 10 years (36).  
 
Age-specific utilities for the general population aged 18 years and older were based on EQ-5D-
5L index scores for the Canadian population (37). Utilities for the Canadian population aged 6 to 
17 were based on the Health Utilities Mark 3 (38). Utilities for the population aged less than 6 years 
were assumed equivalent to those for the population aged 6 years. Utility decrements associated 
with PD were based on a recent review (14). 
 
Hospitalization costs of IPD were estimated using Resource Intensity Weights obtained from the 
Discharge Abstract Database (DAD, 2015-2019) (39-42) and the cost of a standard hospital stay (43). 
IPD cases were defined using ICD-10-CA diagnostic codes from the National Case Definition (44). 
Costs of inpatient and outpatient pneumonia were based on attributable costs derived from a 
retrospective population-based cohort study in Ontario, Canada (28). Costs of AOM were based 
on a Canadian randomized controlled trial and administrative data (45, 46). Costs of long-term post-
meningitis sequelae were based on costs of auditory or neurologic complications of bacterial 
meningitis (47). Vaccination costs included administration costs (48) and vaccine price. Vaccine 
prices were estimated from publicly-available US data (49) and an unpublished comparative 
analysis conducted by the Public Health Agency of Canada of Canadian negotiated vaccine prices 
to US published contract prices, which suggests that Canadian negotiated vaccine prices are 
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typically 30 to 50% of US contract prices; the base case analysis used a 40% discount rate 
compared to US contract prices for adults. 
 
For the societal perspective, costs included productivity loss due to illness, long-term disability, 
and death, caregiver costs, and out-of-pocket medical costs. Productivity loss was estimated 
using the human capital method (15). Age-specific labour force participation rates (50) and 
average employment income were obtained from Statistics Canada (51). Caregiver wages were 
estimated based on the average employment income and labour force participation of the 
population aged 25 to 54 years (51). For hospitalized pediatric cases, the number of caregivers 
missed workdays was assumed to be equivalent to length of hospital stay. Additional details 
about caregiver time are provided in   
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Table 8. 
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Table 5. Epidemiological parameters 
Parameter Base Range Reference 
IPD incidence (per 100,000) 
Less than 2 years 14.5  

CNDSS 2019; ICS 2019 (52) 

2 to 4 years 10.2  
5 to 17 years 2.1  
18 to 49 years 5.2  
50 to 64 years 13.6  
65+ years 23.8  
CAP incidence (per 100,000) 
Less than 5 years 4,991.1  

Nasreen et al. 2022 (23) 

5 to 17 years 1,249.0  
18 to 39 years 815.9  
40 to 64 years 1,529.9  
65 to 74 years 3,095.7  
75 to 84 years 5,398.1  
85+ years 10,122.7  
AOM incidence (per 100,000) 
Less than 5 years 25,467.6  

Nasreen et al. 2022 (23) 

5 to 17 years 7,225.9  
18 to 39 years 2,204.4  
40 to 64 years 2,058.6  
65 to 74 years 1,954.7  
75 to 84 years 1,857.4  
85+ years 1,621.4  
Proportion of patients with CAP attributed to S. pneumoniae (%) 
Less than 1 year 6.0 5.1-9.1 

King 2023; LeBlanc et al. 2022; 
Pneumonia Etiology Research for Child 
Health (PERCH) Study Group 2019 (24-26)  

1 to 15 years 12.0 10.1-18.2 
16 to 49 years 19.5 17.3-21.7 
50 to 64 years 19.0 17.3-20.7 
65+ years 11.2 10.4-12.1 
Proportion of patients with AOM attributed to S. pneumoniae (%) 
 Less than 18 years 17 14-22 Kim et al. 2017; King 2023 (24, 27) 
Proportion of patients with CAP managed in inpatient setting (%) 
Less than 65 years 4.6 2.2-9.3 O’Reilly et al. 2023 (28) 65+ years 12.3 7.9-18.6 
Proportion of patients with IPD with meningitis (%) 
Less than 1 year 16.9 13.3-21.1 

Morrow et al. 2007 (20) 

1 to 4 years 4.6 3.0-6.8 
5 to 9 years 8.7 4.1-15.9 
10 to 19 years 8.5 5.1-13.3 
20 to 64 years 5.1 3.9-6.4 
65+ years 3.1 2.2-4.1 
Proportion of patients with meningitis with long-term post-meningitis sequelae (%) 
Neurologic sequelae 12.2 5.3-19.1 Jit 2010 (29) Hearing loss 8.2 4.5-11.9 
Proportion of patients with AOM with ear tube placement (%) 

Less than 10 years 6 4-12 
Canadian Institute for Health Information 
2020; Chuck et al. 2010; Nasreen et al 
2022; Assumption (23, 45, 53) 

Case fatality (%) 
IPD 

Wijayasri et al. 2019 (30) Less than 1 year 11.8 11.2-12.3 
1 to 4 years 1.6 0.8 – 2.7 
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5 to 49 years 5.7 4.9 – 6.7 
50 to 64 years 10.9 9.9-12 
65+ years 17.2 16.2-18.3 
pCAP (inpatient) 

LeBlanc et al. 2022; Morrow et al. 2007; 
Assumption (20, 26) 

Less than 10 years 1.0 0.3-3.1 
10 to 15 years 1.6 0.6-4.3 
16 to 49 years 3.8 1.7-7.0 
50 to 64 years 4.8 2.7-7.1 
65+ years 9.9 7.7-12.3 
Vaccine-type serotype distribution (%) 
 less than 2 years 

National Microbiology Laboratory 2019 (52) 

ST3 8  
Pneu-C-13/non-ST3 9  
Pneu-C-15/non-Pneu-C-13  21  
Pneu-C-20/non-Pneu-C-15 19  
NVT 43  
2 to 4 years 
ST3 11  
Pneu-C-13/non-ST3 16  
Pneu-C-15/non-Pneu-C-13  16  
Pneu-C-20/non-Pneu-C-15 23  
NVT 33  
5 to 17 years 
ST3 8  
Pneu-C-13/non-ST3 23  
Pneu-C-15/non-Pneu-C-13  20  
Pneu-C-20/non-Pneu-C-15 14  
NVT 35  
18 to 49 years 
ST3 10  
Pneu-C-13/non-ST3 32  
Pneu-C-15/non-Pneu-C-13  11  
Pneu-C-20/non-Pneu-C-15 21  
NVT 26  
50 to 64 years 
ST3 12  
Pneu-C-13/non-ST3 32  
Pneu-C-15/non-Pneu-C-13  11  
Pneu-C-20/non-Pneu-C-15 21  
NVT 26  
65+ years 
ST3 13  
Pneu-C-13/non-ST3 16  
Pneu-C-15/non-Pneu-C-13  15  
Pneu-C-20/non-Pneu-C-15 14  
NVT 42  
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Table 6. Vaccine characteristics 

Parameter Base Range Reference 

Vaccination coverage (%) 
2 doses 87.0  Assumption 

2+1 doses 84.5  Childhood National Immunization 
Coverage Survey (cNICS) 2022 (31) 

Pneu-C effectiveness (%)* 
2+1 doses  

VT-IPD 85 67-96 Farrar et al 2022; Prasad et al 
2023; Assumption (8, 32) 

ST3-IPD 33 10-66 Farrar et al 2022; Prasad et al 
2023; Assumption (8, 32) 

VT-CAP  64 50-72 

Prasad et al 2023; Stoecker 2023; 
Assumption (based on adult data 
for relative VE for IPD vs CAP) (8, 

34) 
ST3-CAP 25 19-28 Assumption (based on IPD) 
VT-AOM 54 40-64 Eskola 2001 (33) 
ST3-AOM 21 15-25 Assumption (based on IPD) 
2 doses  
% of VE achieved with first 2 
doses of series 75 60-90 Andrews et al 2014; Assumption 

(54) 

Duration of protection 

Pneu-C 

15 years: 
stable for 5 

years, linear 
decline to 0 

over 10 
years 

 Prasad et al. 2023 (8)  

*VT refers to VE for preventing vaccine-type disease, excluding serotype 3 (ST3). Lower VE estimates were 
assumed for prevention of ST3 disease, as indicated.  
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Table 7. Direct cost parameters 
Parameter Base ($) Range ($) Reference 
Cost of vaccine 
administration 16.77 12.58-20.96 O’Reilly et al. 2017 (55) 

Cost per dose of vaccine 
Pneu-C-13 71.50  

Centers for Disease Control and Prevention; 
Assumption (49) 

Pneu-C-15 
78.10 
(9.2% higher 
than Pneu-C-13) 

72.2-87.9 
(1-23% higher 
than Pneu-C-13) 

Pneu-C-20 
90.10 (26.1% 
higher than 
Pneu-C-13) 

78.6-107.2 
(10-50% higher 
than Pneu-C-13) 

Cost per patient with IPD 
Less than 5 years 20,468 17,422-23,755 

DAD 2015-2019 (39-42)  

5 to 17 years 14,717 12,510-17,100 
18 to 49 years 28,812 26,559- 31,155 
50 to 64 years 29,146 27,363- 30,984 
65 to 74 years 28,955 26,727- 31,271 
75+ years 21,501 20,001-23,054 
Cost per patient with CAP managed in inpatient setting 
Less than 18 years 7,345 7,189-7,545 

O’Reilly et al. 2023 (28) 18 to 64 years 14,185 13,708-14,686 
65+ 14,179 13,931-14,433 
Cost per patient with CAP managed in outpatient setting 
Less than 18 years 450 438–461 

O’Reilly et al. 2023 (28) 18 to 64 years 1,187 1,154–1,221 
65+ 3,343 3,283–3,400 
Cost per AOM case, excluding ear tube placement 
Less than 2 years 260 258-301 Gaboury et al. 2010; Assumption (46) 2 to 9 years 178 148-207 
Cost of surgery for ear 
tube placement 1,790 1,340-2,240* Canadian Institute for Health Information 

2020 (45) 
Cost of care for patients with post-meningitis sequelae (per year) 
Annual cost of care for 
those with auditory 
sequelae 

2,783 2,087-3,479* Christensen et al. 2014 (47) 

Annual cost of care for 
those with neurologic 
sequelae 

9,262 6,947-11,578* Christensen et al. 2014 (47) 

Out-of-pocket costs 

Medication, less than 
65 years 18.10 13.06-22.60 

American Academy of Pediatrics 2021; 
Metlay et al. 2019; Ontario Ministry of 
Health 2022; Patented Medicine Prices 
Review Board Canada 2019-2020 (56-59) 

Transportation to 
inpatient care 139 29 – 333 Canada Revenue Agency 2022; Colbert 

2020; DAD 2015-2019 (39-42, 60, 61) 
Transportation to 
outpatient care 3.70 2.80 – 4.60* Canada Revenue Agency 2022; Pong and 

Pitblado 2005 (61, 62) 
*Range defined as defined as ±25% of the base value 
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Table 8. Indirect cost parameters 

Parameter Base Range Reference 

Workdays lost (16+ years) 

Inpatient IPD or CAP 15 9-29 Pasquale et al. 2019 (63) Outpatient CAP 5.4 1.8-6.3 

Reduction in employment in patients with post-meningitis sequelae (%) 

Auditory sequelae 25 15-35 Bizier et al. 2016; Jiang et al. 
2012 (64, 65)  

Neurologic sequelae 98 75-100 Jiang et al. 2012; Assumption (65) 

Caregiver workdays lost 

IPD  
Less than 5 years 11.2 9.4-13.0 DAD 2015-2019 (39-42)  5 to 15 years 9.9 7.8-12.0 
16+ years 5.4 1.5-10.8 Wyrwich et al. 2015 (66) 
Inpatient CAP  
Less than 5 years 4.2 4.2-4.3 DAD 2015-2019 (39-42)  5 to 15 years 5.0 7.8-12.0 
16+ years 5.4 1.5-10.8 Wyrwich et al. 2015 (66) 
Outpatient CAP  

Less than 16 years 5.4 1.8-6.3 Pasquale et al. 2019; 
Assumption (63) 

16+ years 1.1 1.0-1.2 Dubé et al. 2011 (67) 
AOM  

AOM 1.3 0.8-1.7 Barber et al. 2014; Dubé et al. 
2011 (67, 68) 

Ear tube placement 2.1  Petit et al. 2003 (69) 
Sequelae  
Auditory sequelae (annual) 0  Assumption 
Neurologic sequelae (annual) 190 146-240* Ganapathy et al. 2015 (70) 
Vaccination  
Visit healthcare provider for 
vaccination 0.5  Assumption 

Average employment income ($)  

Age 16+ 
Age-

specific 
values 

 Statistics Canada (51) 

Caregiver 58,811  Statistics Canada (51) 
Labour force participation (%)  

Age 16+ 
Age-
specific 
values 

 Statistics Canada (50) 

Caregiver (age 25 to 54) 87  Statistics Canada (50) 
*Range defined as ±25% of the base value 
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Table 9. Health utilities and decrements 
Parameter Base Range Reference 
Background health utility 
Less than 6 years 0.970 0.960-0.980 Molina et al. 2023; Assumption (38) 
6 to 11 years 0.950 0.940-0.960 Molina et al. 2023 (38) 
12 to 17 years 0.890 0.870-0.910 Yan et al. 2023 (37) 
18 to 24 years 0.879 0.863-0.895 Yan et al. 2023 (37) 
25 to 34 years 0.881 0.864-0.898 Yan et al. 2023 (37) 
35 to 44 years 0.878 0.863-0.893 Yan et al. 2023 (37) 
45 to 54 years 0.855 0.838-0.872 Yan et al. 2023 (37) 
55 to 64 years 0.839 0.822-0.856 Yan et al. 2023 (37) 
65 to 74 years 0.867 0.849-0.885 Yan et al. 2023 (37) 
75+ years 0.861 0.835-0.887 Yan et al. 2023 (37) 
IPD utility decrement 
Less than 19 years 0.028 0.0165-0.0308 

Tang et al. 2022; Assumption (14) 19 to 64 years 0.0533 0.0425-0.0547 
65+ years 0.0745 0.0001-0.0745 
Outpatient CAP utility decrement 
Less than 19 years 0.0004 0.0001-0.0329 

Tang et al. 2022 (14) 19 to 64 years 0.0094 0.0001-0.0205 
65+ years 0.0586 0.0271-0.0659 
Inpatient CAP utility decrement 
Less than 19 years 0.0105 0.001-0.0155 

Tang et al. 2022; Assumption (14) 19 to 64 years 0.0396 0.0001-0.168 
65+ years 0.1154 0.0068-0.290 
AOM utility decrement 
Less than 10 years 0.0016 0-0.146 Tang et al 2022 (14) 
Auditory sequelae utility decrement (per year) 
Less than 19 years 0.214 0.070-0.720 Tang et al. 2022 (14) 
19+ years 0.365 0.273-0.418 Tang et al. 2022; Assumption (14) 
Neurologic sequelae utility decrement (per year) 
Less than 19 years 0.246 0.160-0.490 Tang et al. 2022 (14) 
19+ years 0.528 0.220-0.783 Tang et al. 2022; Assumption (14) 
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II.3 Sensitivity and Scenario Analyses 
Sensitivity of the results to individual model parameters was examined in a one-way sensitivity 
analysis, which was conducted by applying a polynomial regression metamodel to the model 
probabilistic outputs (71). Briefly, for each parameter, a regression model was fit by treating costs 
and QALYs as dependent variables and the parameter of interest as the independent variable, 
allowing for the estimation of outcome values across a range of values for each parameter, 
conditional on the average value for all other parameters. This analysis was conducted for all 
relevant parameters. To allow for a comparison of results for all three vaccines simultaneously, 
the optimal strategy across parameter ranges was evaluated at cost-effectiveness thresholds of 
$30,000 and $60,000 per QALY. Results for this analysis were restricted to the most influential 
parameters for each vaccine comparison.  
 
Given uncertainty in vaccine price, a two-way sensitivity analysis of vaccine price was conducted 
by varying the incremental increases in price for Pneu-C-15 and Pneu-C-20 compared to Pneu-
C-13. The incremental prices for Pneu-C-15 and Pneu-C-20 were varied as percent increases 
(ranging from 0 to 50% in 5% increments) relative to the assumed Pneu-C-13 price. The price per 
dose of Pneu-C-15 or Pneu-C-20 was calculated as: Pneu-C-13 price x (1 + incremental 
increase). For instance, for a price per dose of Pneu-C-13 of $71.50 and incremental increase for 
Pneu-C-15 of 10%, the price of Pneu-C-15 would be $78.65 per dose.  
 
The impact of lower VE for Pneu-C-15 and Pneu-C-20 relative to Pneu-C-13 was also explored 
in a two-way sensitivity analysis; for this analysis, VE for all outcomes was varied from 80 to 100% 
of the assumed VE for Pneu-C-13. Data on PD burden used in the model represent observed 
cases in the presence of a mature Pneu-C-13 pediatric vaccination program. To enable an 
exploration of differential VE for Pneu-C-15 and Pneu-C-20 in sensitivity analysis, the incidence 
of PD outcomes in the absence of vaccination in the pediatric population was estimated. These 
calculations only considered the direct effects of vaccination and did not account for replacement 
with serotypes not contained in Pneu-C-13. The adjusted incidence for PD due to serotypes 
contained in Pneu-C-13 was calculated as:  
 

Annual incidence without vaccination = reported annual incidence with vaccination /  
(1- coverage_full * VE_full – coverage_partial * VE_partial), 

 
where coverage_full and coverage_partial represent population coverage of the full or partial 
vaccine series, and VE_full and VE_partial represent VE after completion of the full or partial 
series, respectively. This adjustment was only applied to age groups eligible to receive the new 
conjugate vaccines (i.e., Pneu-C-15 and Pneu-C-20). For all other age groups, unadjusted 
estimates of PD incidence were used.  
 
The following scenario analyses were conducted, with associated parameters, where relevant, 
provided in   
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Table 10: 
 

i. Inclusion of indirect effects  

Incidence of PD associated with serotypes unique to Pneu-C-15 or Pneu-C-20 were decreased 
for all ages to approximate indirect effects of a pediatric vaccination program, as has been 
previously observed with introduction of pneumococcal conjugate vaccines. Following the 
introduction of Pneu-C-13, one multi-country study that included Canada reported a 60 to 90% 
decrease in IPD incidence due to the additional serotypes contained in Pneu-C-13 vs. Pneu-C-7 
in the population aged less than 5 years, with incidence stabilizing after 3 to 4 years (72). In adults 
aged 65 and older, a corresponding 60-80% decrease in IPD attributable to the extra Pneu-C-13 
serotypes was observed, with the reduction reaching a steady state after 4 to 5 years (72). Indirect 
effects were conservatively modelled as an exponential decline in PD incidence from unique 
Pneu-C-15 or Pneu-C-20 serotypes by up to 50% over 5 to 10 years, starting one year after 
initiation of the Pneu-C-15 or Pneu-C-20 pediatric program. Potential serotype replacement was 
not modelled.  
 

ii. Higher PD incidence and higher direct costs  

A scenario analysis was conducted to evaluate the impact of alternate pediatric vaccination 
strategies in a setting of higher pneumococcal disease incidence and higher costs associated 
with medical care, which could better reflect realities for some communities, particularly in 
Northern Canada. To develop a realistic high-incidence, high-cost scenario analysis, relative rates 
of IPD in the North compared to all of Canada were estimated from ICS and CNDS surveillance 
data. These relative rates were applied to the base case estimates of IPD, pCAP, and AOM 
incidence. The relative increase in costs for inpatient and outpatient medical care in the North 
compared to all of Canada were based on data for adults (73) and applied to the base case costs. 
Note that the higher rates and costs were applied to the base case model population (reflective 
of the entire Canadian population) to provide a generalized comparison of differences in cost-
effectiveness relative to the base case results that could be applicable to jurisdictions across 
Canada experiencing higher PD burden and direct costs. 
 
iii. Lower incidence of CAP and AOM 

Annual CAP and AOM incidence was based on data from Ontario and British Columbia (23). 
Estimates of CAP and AOM were generally higher for Ontario than British Columbia, which may 
have been partially due to non-availability of data on emergency department visits in British 
Columbia. The base case analysis used Ontario estimates and the lower estimates for British 
Columbia were used in a scenario analysis. 
 
iv. Alternate serotype distribution for AOM cases 

Due to limited availability of Canadian data for non-invasive PD outcomes, the base case analysis 
assumed the same serotype distributions for non-invasive outcomes as for IPD. This assumption 
was tested using serotype distribution data from AOM cases obtained from a US pediatric 
population where Pneu-C-13 had been routinely used (74). The AOM-specific data had lower 
estimates of disease attributable to the unique serotypes contained in Pneu-C-13 and Pneu-C-
15, such that the conjugate vaccines would be projected to prevent fewer AOM cases than in the 
base case analysis.  
 

v. More rapid waning of VE 
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The impact of faster waning of VE was modelled by assuming that after 1 year at maximum 
vaccine protection following receipt of the vaccine dose, VE waned linearly to 0 over a 10-year 
period. By contrast, the base case assumed that maximum VE was sustained for 5 years before 
declining linearly to 0 over a 10-year period.  
 
Results for all sensitivity and scenario analyses are presented for the health system perspective 
but key results for the societal perspective are also provided, where relevant.  
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Table 10. Parameters for scenario analyses 

Parameter Base Reference 

CAP incidence (per 100,000) 
Less than 5 years 2464.1 

Nasreen et al. 2022 (23) 

5 to 17 years 945.2 
18 to 39 years 634.8 
40 to 64 years 1183.8 
65 to 74 years 2543.7 
75 to 84 years 4800.3 
85+ years 10174.5 
AOM incidence (per 100,000) 
Less than 5 years 13603.8 

Nasreen et al. 2022 (23) 

5 to 17 years 6205.7 
18 to 39 years 1734.8 
40 to 64 years 1654.7 
65 to 74 years 1686.7 
75 to 84 years 1649.8 
85+ years 1504.6 

Vaccine-type serotype distribution for AOM (%) 

ST3 6.0 

Kaur et al. 2022 (74) 
Pneu-C-13/non-ST3 3.0 
Pneu-C-15/non-Pneu-C-13  8.2 
Pneu-C-20/non-Pneu-C-15 23.5 
NVT 59.3 

Relative risk of PD in Northern Canada compared to all of Canada 

Less than 2 years 6.8 

CNDSS 2019; ICS 2015-2019 (52) 

2 to 4 years 0.9 
5 to 17 years 3.9 
18 to 49 years 2.1 
50 to 64 years 2.1 
65+ years 2.4 

Relative cost increase in Northern Canada compared to all of Canada 

Inpatient case 1.8 NACI (73) 
Outpatient case 1.2 NACI (73) 
Travel for outpatient case 33 NACI (73) 

II.4 Base Case Results 
Health outcomes averted compared to continued use of Pneu-C-13 in the pediatric population are 
displayed graphically in  
Figure 2. Both Pneu-C-15 and Pneu-C-20 prevented more cases of IPD, pCAP, and AOM than 
Pneu-C-13. Use of Pneu-C-20 was projected to avert more cases of IPD, pCAP, and AOM than 
Pneu-C-15. For instance, compared to Pneu-C-13, use of Pneu-C-20 was estimated to avert a 
median of 470 additional cases of IPD compared to 220 cases averted with Pneu-C-15 over the 
10-year study period.  
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Figure 2. Health outcomes averted outcomes with the use of Pneu-C-15 or Pneu-C-20 compared to 
Pneu-C-13 

Outcomes are summed over a 10-year period and are compared to expected incidence in pediatric cohorts vaccinated 
with Pneu-C-13. Results are shown for 10,000 model simulations. The lower, middle, and upper hinges of the box 
indicate the 25th, 50th, and 75th percentiles, respectively, with the whiskers extending to the smallest and largest values 
up to 1.5 times the interquartile range. Note that y-axes vary across graphs. For reference, the median total number of 
outcomes projected in the entire population (all ages, not just the pediatric cohort) over the 10-year period with 
continued use of Pneu-C-13 was: 1,008,780; 1,039,280; 82,910; and 39,970 for AOM, outpatient pCAP, hospitalized 
pCAP, and IPD, respectively. AOM, acute otitis media; pCAP, pneumococcal community acquired pneumonia; IPD, 
invasive pneumococcal disease. 
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Mean costs, QALYs, and ICERs from the base case for the health system and societal perspective 
are presented in Table 11. ICERs are presented as sequential ICERs, which compare all possible 
vaccination strategies. For reference, a direct estimate of the costs per QALY gained when each 
vaccination strategy is directly compared to current recommendations (Pneu-C-13) is also 
provided. In the sequential analysis, strategies with ICERs considered cost-effective by commonly 
used thresholds when compared to the current recommendation are excluded if there are other 
strategies that represent better value for money, regardless of the cost-effectiveness threshold 
used.  
 
Table 11. Base case: discounted quality-adjusted life years lost, mean discounted costs, and 
incremental cost-effectiveness ratios for the different vaccination strategies 

(A) Health system perspective 

Strategy 
Effect 
(Discounted 
QALYs lost) 

Cost 
(Discounted $, 
millions) 

Sequential 
ICER ($/QALY) 

ICER (vs. Pneu-
C-13) ($/QALY) 

Pneu-C-13 229,769 4,945 -- -- 
Pneu-C-15 229,272 4,975 58,823 58,823 
Pneu-C-20 228,730 5,048 135,289 98,707 

 
(B) Societal perspective 

Strategy Effect (Discounted 
QALYs lost) 

Cost (Discounted 
$, millions) 

Sequential ICER 
($/QALY) 

ICER (vs. Pneu-
C-13) ($/QALY) 

Pneu-C-13 229,769 432,243 -- -- 
Pneu-C-15 229,272 432,252 18,272 18,272 
Pneu-C-20 228,730 432,303 93,416 57,466 
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Figure 3 shows the proportion of model simulations for which each strategy was the optimal 
strategy over a range of cost-effectiveness threshold values. For the health system perspective, 
Pneu-C-15 was the optimal strategy at threshold ranges of $43,000 to $127,000. Above $127,000, 
Pneu-C-20 was the optimal strategy. For the societal perspective, Pneu-C-15 was the optimal 
strategy at threshold ranges of $3,000 to $86,000, with Pneu-C-20 the optimal strategy at 
thresholds above $86,000. 
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Figure 3. Percent of simulations for which each strategy was the optimal strategy for a given cost-
effectiveness threshold, for the (A) health system and (B) societal perspectives 
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II.5 Sensitivity and Scenario Analyses Results 
 
Unless otherwise indicated, results for sensitivity and scenario analyses are presented for the 
health system perspective. The impact of varying key model parameters one at a time over the 
ranges listed in   
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Table 5 to   
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Table 9 was evaluated in a one-way sensitivity analysis to identify the parameters that were most 
influential on estimated ICERs. For these most influential parameters, the vaccination strategy 
that would be most cost-effective at thresholds of $30,000 or $60,000 per QALY was identified 
across each parameter range ( 
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Figure 4). At $30,000 per QALY, the most cost-effective strategy was Pneu-C-13, except when 
the incremental price of a dose of Pneu-C-15 or Pneu-C-20 was relatively low. When the price of 
Pneu-C-15 was less than $5 (7%) more than Pneu-C-13 per dose, it was the most cost-effective 
option. When the price of Pneu-C-20 was less than $10 (14%) more than Pneu-C-13, it was the 
most cost-effective option. The optimal strategy was more variable when a $60,000 per QALY 
threshold was used, with Pneu-C-15 more frequently identified as the most cost-effective strategy. 
At the $60,000 per QALY threshold, Pneu-C-15 was the preferred strategy when VE for 
preventing IPD or AOM was higher, when the CFR for patients with IPD or pCAP was higher, or 
when the probability a patient with pCAP requiring hospitalization was higher. At the $60,000 per 
QALY threshold, the preferred strategy remained sensitive to the incremental price per dose of 
Pneu-C-15 or Pneu-C-20.  
 
For the societal perspective (results not shown), at $30,000 per QALY, Pneu-C-15 was generally 
the most cost-effective strategy, with the following exceptions: price per dose of Pneu-C-20 less 
than $14 (20%) more than Pneu-C-13 (Pneu-C-20 was the most cost-effective option); price per 
dose of Pneu-C-15 was more than $7 (10%) more than the price of Pneu-C-13 (Pneu-C-13 was 
the most cost-effective option); or VE for preventing AOM was less than 44% (Pneu-C-13 was 
the most cost-effective option). Pneu-C-15 was the most cost-effective option at $60,000 per 
QALY using the societal perspective, unless the incremental cost of Pneu-C-20 was less than 
$16 per dose (23%) more than Pneu-C-13 or the incremental price per dose of Pneu-C-15 was 
more than $9 (12%) more than Pneu-C-13; in both of these cases, Pneu-C-20 was the most cost-
effective strategy.  
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Figure 4. One-way sensitivity analysis comparing Pneu-C-13, Pneu-C-15, and Pneu-C-20 at cost-
effectiveness thresholds of (A) $30,000 and (B) $60,000 per QALY 

 
Each parameter was varied across the indicated range. The most cost-effective vaccination strategy for the indicated 
cost-effectiveness threshold and parameter value is represented by the color of the bar. Results are shown for the 
health system perspective. Prob=probability. 
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The influence of vaccine prices on results was further examined in a two-way sensitivity 
analysis, with prices per dose of Pneu-C-15 and Pneu-C-20 varied while keeping the price of 
Pneu-C-13 constant at $71.50 per dose (  
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Figure 5, health system perspective). For a $30,000 per QALY cost-effectiveness threshold, when 
the prices of Pneu-C-15 and Pneu-C-20 were greater than approximately $75 and $79 (5% and 
10% higher than Pneu-C-13), respectively, Pneu-C-13 was the optimal strategy. For lower 
vaccine prices, when Pneu-C-15 and Pneu-C-20 were priced equivalently, Pneu-C-20 was the 
optimal strategy. Pneu-C-15 was the optimal strategy if the price per dose was up to $75 (5% 
higher than Pneu-C-13) and Pneu-C-20 was priced at $79-82 (10-15% higher than Pneu-C-13). 
Pneu-C-20 was the optimal strategy when priced at up to $79 (10% higher than Pneu-C-13) per 
dose and the price of Pneu-C-15 was $75 (5% higher than Pneu-C-13) or less.  
 
Using a $60,000 per QALY cost-effectiveness threshold, Pneu-C-13 was the optimal strategy 
when the prices of Pneu-C-15 and Pneu-C-20 were greater than approximately $75 and $82 (5% 
and 15% higher than Pneu-C-13), respectively. When the prices for Pneu-C-15 and Pneu-C-20 
were $75 or $82 (5% or 15% higher than Pneu-C-13) or less, respectively, the optimal strategy 
was either Pneu-C-15 or Pneu-C-20, with the optimal strategy depending on the difference in 
price between the two vaccines.  
 
For the societal perspective, Pneu-C-15 or Pneu-C-20 could be the optimal strategy at a price of 
up to $79 or $86 (10% or 20% higher than Pneu-C-13), respectively, using a $30,000 per QALY 
threshold. For a $60,000 threshold and societal perspective, Pneu-C-15 and Pneu-C-20 could be 
the optimal strategy at prices of up to $79 and $89 (10% and 25% higher than Pneu-C-13), 
respectively (data not shown). As with the health system perspective, at lower vaccine prices, 
when Pneu-C-15 and Pneu-C-20 were priced equivalently, Pneu-C-20 was the optimal strategy.  
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Figure 5. Sensitivity analysis of vaccine costs. ICERs were calculated for a range of prices per dose 
for Pneu-C-15 and Pneu-C-20 ($71.50-107.25 or 0-150% of the price of Pneu-C-13) and the optimal 
strategy was identified for cost-effectiveness thresholds of (A) $30,000 and (B) $60,000 per QALY 

 

 Results are based on a deterministic analysis and are shown for the health system perspective. The base case analysis 
assumed prices of $78.10 for Pneu-C-15 and $90.10 for Pneu-C-20.  

A sensitivity analysis on VE demonstrated that ICERs would increase if VE is lower for Pneu-C-
15 or Pneu-C-20 than Pneu-C-13, compared to the base case estimates of equal VE for all 
vaccines (results not shown). As an example, for Pneu-C-15, the ICER increased from 
approximately $60,000 per QALY if VE was equal to approximately $90,000 per QALY if Pneu-
C-15 was 80% as effective at preventing PD outcomes attributable to the serotypes contained in 
the vaccines as Pneu-C-13. 
 
Compared to results in the absence of indirect effects, a reduction in PD in the population (all 
ages) not receiving the vaccine resulted in a substantial reduction in ICERs (Figure 6). For 
instance, a 5% reduction in PD caused by the additional serotypes contained in Pneu-C-15 over 
a 6-year period would result in Pneu-C-15 being the optimal strategy at a cost-effectiveness 
threshold of $30,000 per QALY. Assuming a 10% or more reduction over 5 years would result in 
Pneu-C-20 being the preferred strategy at a $30,000 per QALY threshold. For the societal 
perspective, even smaller indirect effects would result in Pneu-C-15 or Pneu-C-20 being the 
optimal strategy (not shown). 
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Figure 6. Impact of indirect effects from a pediatric vaccination program. A two-way sensitivity 
analysis evaluated the cost-effectiveness of Pneu-C-13, Pneu-C-15, and Pneu-C-20 for a range of 
population-wide reductions in pneumococcal disease due to the additional vaccine-containing 
serotypes (x-axis) and times for the maximum reduction in pneumococcal disease to occur (y-axis) 

 
The base case results, which assume no indirect effects, are represented by a 0% reduction. Results are based on a 
deterministic analysis and are shown for the health system perspective. The most cost-effective vaccination strategy 
for cost-effectiveness thresholds of (A) $30,000 and (B) $60,000 per QALY for each combination of parameter values 
is represented by the color of the square. Results are shown for the health system perspective. 

Results for the additional scenario analyses are summarized in   
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Table 12 for the health system perspective. Compared to the base case analysis, the assumption 
of lower incidence of CAP and AOM, an alternate serotype distribution for AOM resulting in 
reduced proportion of cases attributable to serotypes contained in the vaccines, or more rapid 
waning of VE resulted in increased ICERs. The assumption of higher PD incidence and higher 
medical costs resulted in Pneu-C-20 dominating (less costly and fewer QALYs lost) the other 
vaccines.  
 
Similar trends were observed for the societal perspective, with Pneu-C-20 dominating other 
strategies in a higher burden and higher medical cost scenario and higher ICERs than the base 
case when there was lower incidence of CAP and AOM, an alternate serotype distribution for 
patients with AOM, or more rapid waning of VE (results not shown).  
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Table 12. Scenario analyses: discounted quality-adjust life years lost, mean discounted costs, and 
incremental cost-effectiveness ratios (health system perspective) 
 

(A) Higher pneumococcal disease incidence and higher direct costs 
Strategy Effect 

(Discounted 
QALYs lost) 

Cost (Discounted 
$, millions) 

Sequential ICER 
($/QALY) 

ICER (vs. Pneu-C-13) 
($/QALY) 

Pneu-C-20 15,794 541,539 -- Dominates Pneu-C-13 

Pneu-C-15 15,819 543,513 Dominated by Pneu-
C-20 Dominates Pneu-C-13 

Pneu-C-13 15,897 545,613 Dominated by Pneu-
C-20 -- 

 
(B) Lower incidence of CAP and AOM 

Strategy Effect 
(Discounted 
QALYs lost) 

Cost (Discounted 
$, millions) 

Sequential ICER 
($/QALY) 

ICER (vs. Pneu-C-13) 
($/QALY) 

Pneu-C-13 4,386 208,709 -- -- 
Pneu-C-15 4,425 208,319 100,060 100,060 
Pneu-C-20 4,508 207,904 200,691 151,949 

 
(C) Alternate serotype distribution for patients with AOM 

Strategy Effect 
(Discounted 
QALYs lost) 

Cost (Discounted 
$, millions) 

Sequential ICER 
($/QALY) 

ICER (vs. Pneu-C-13) 
($/QALY) 

Pneu-C-13 4,506 209,577 -- -- 
Pneu-C-15 4,548 209,195 107,944 107,944 
Pneu-C-20 4,621 208,732 157,982 135,372 

 
(D) More rapid waning of VE 

Strategy Effect 
(Discounted 
QALYs lost) 

Cost (Discounted 
$, millions) 

Sequential ICER 
($/QALY) 

ICER (vs. Pneu-C-13) 
($/QALY) 

Pneu-C-13 4,944 229,952 -- -- 
Pneu-C-15 4,977 229,511 75,577 75,577 
Pneu-C-20 5,053 229,033 157,972 118,493 

 

II.6 Limitations 
The current economic evaluation focused on children who were receiving pneumococcal 
vaccination for the first time. Estimates of PD burden included children with IPD risk factors but 
vaccination recommendations specifically for children with IPD risk factors were not considered 
in this evaluation. Vaccination of children who had initiated their vaccination with a lower valency 
vaccine or use of higher valency vaccines to complement protection achieved with lower valence 
vaccines was also not evaluated. The 10-year time horizon of the model may also have 
underestimated the full impact of vaccination, since vaccine protection would not have waned 
completely in vaccinated individuals at the end of the analytic time period. 
 
Population-wide reductions in PD due to indirect effects associated with pediatric use of Pneu-C-
15 and Pneu-C-20 are uncertain and were explored in a scenario analysis. This analysis did not 
include serotype replacement, which has been observed with the introduction of other 
pneumococcal conjugate vaccines in Canada (30, 75) and may be expected to counteract potential 
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herd effects. The magnitude of the indirect effects considered was conservative compared to 
reported effects following the introduction of Pneu-C-13 (72).  
 
As with all model-based analyses, simplifying assumptions were made. Not all health outcomes 
associated with pneumococcal disease were included, such as sinusitis and empyema. There 
was substantial uncertainty related to some key input parameters, including incidence of non-
hospitalized pCAP and AOM, the proportion of CAP and AOM caused by S. pneumoniae, the 
serotype distributions for non-invasive disease, VE for non-invasive disease, and durability of 
vaccine protection. Sensitivity analyses were used to evaluate the impact of these uncertain 
parameters and were not found to impact the overall findings. Attributable cost data were not 
available for IPD, AOM, and post-meningitis sequelae, which may result in an overestimate of 
medical costs in patients experiencing these outcomes.  
 
Although the evaluation included both a health system and societal perspective, societal costs 
may have been underestimated due to an exclusion of non-medical consumption and education 
impacts. For example, the impact of hearing loss caused by otitis media on development of 
communication disorders and educational performance is not well characterized (76). Data related 
to long-term costs associated with post-meningitis sequelae were limited.  
 

II.7 Conclusions 
Use of Pneu-C-20, and to a lesser extent, Pneu-C-15, in the pediatric population starting their 
primary series is projected to reduce pneumococcal disease burden, compared to continued use 
of Pneu-C-13. Base case sequential ICERs for Pneu-C-15 and Pneu-C-20 were $58,800 and 
$135,200 per QALY gained, respectively, using the health system perspective. Although Canada 
does not have a cost-effectiveness threshold, Pneu-C-15 may be considered cost-effective based 
on some commonly used thresholds (77, 78). The base case ICER for Pneu-C-20 is above 
commonly used cost-effectiveness thresholds. Results were sensitive to vaccine price, with lower 
vaccine prices increasing the cost-effectiveness of both novel vaccines. If use of Pneu-C-15 or 
Pneu-C-20 in the pediatric population results in a reduction in pneumococcal disease in the rest 
of the population via indirect effects, ICERs would be substantially reduced. In settings with higher 
burden and higher medical costs, Pneu-C-20 was projected to dominate the other vaccines. 
Lower incidence of CAP and AOM in the population, an alternate serotype distribution for AOM 
resulting in a smaller proportion of patients with AOM due to serotypes contained in the vaccines, 
or more rapid waning of VE resulted in reduced cost-effectiveness of both Pneu-C-15 and Pneu-
C-20.  
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APPENDIX A.  
Table 13. Impact inventory table 

Area of 
Impact 

Definitions/Examples Included in Reference 
Case? 

Comments 

Publicly 
funded 
health 
system 
perspective 

Societal 
perspective 

Health 
Health 
outcomes 

Individual health outcomes for persons intended for vaccination  
Mortality 
 

☑ ☑  

Health-related quality of life 
 

☑ ☑ 

Safety (i.e., adverse events) 
 

☒ 
 

☒ 
 

Health impacts not captured by QALYs 
 

☒ ☒ 

Individual health outcomes for informal caregivers 
Health-related quality of life 
 

☒ ☒  

Population health outcomes 
Incidence of infection and disease in 
vaccinated and unvaccinated individuals  
 

☒ 
 
 

☒ 
 
 

Impact of 
vaccination on 
incidence in 
unvaccinated 
people not 
included in 
reference case 
but considered in 
scenario analysis 

Changes in age distribution of 
individuals who develop infection and 
disease  
 

☒ 
 

☒ 
 

Emergence of new diseases related to 
variations of the pathogen (i.e., 
serotypes, serogroups, strains) or 
unrelated pathogens that may replace 
the one(s) targeted by the vaccine 
 

☒ 
 
 
 
 

☒ 
 
 
 
 

Disease eradication 
 

☒ ☒ 

Publicly 
funded health 
system costs 

Healthcare costs 
Publicly funded healthcare services 
(e.g., physician visits, diagnostic tests, 
drug treatment where applicable, 
hospitalization, formal caregiving,a 
rehabilitation in a facility or at home,a 
home care,a long-term care in nursing 
homesa) 
 

☑ 
 
 
 
 
 
 

☑ 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Included future 
healthcare costs 
for individuals 
with post-
meningitis 
sequelae 

Future related and unrelated healthcare 
costs 
 

☑ 
 

☑ 
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Area of 
Impact 

Definitions/Examples Included in Reference 
Case? 

Comments 

Publicly 
funded 
health 
system 
perspective 

Societal 
perspective 

Public Health costs 
Program-related costs (e.g., 
implementation, delivery and recurrent 
costs including Public Health campaigns 
and health promotion activities; 
transaction costs related to introduction 
of new vaccines or switching between 
vaccines; costs related to screening, 
diagnosis, and treatment of disease; 
epidemiological surveillance, contact 
tracing, investigation and management 
of outbreaks) 
 

☒ 
 
 
 
 
 
 
 
 

☒ 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Included cost of 
vaccine doses 
and vaccine 
administration  

Intervention-related costs (e.g., cost of 
vaccine doses, distribution such as 
transportation and cold storage, 
administration including personnel, 
wastage and ancillary supplies) 
 

☑ 
 

☑ 
 

Healthcare 
costs NOT 
funded by the 
health system 

Prescription medications (in some 
cases) 
 

N/A 
 

☑ 
 

 
 
 
 
 
 
 
 
 

 

Formal caregiver services,a 
rehabilitation in a facility or at home,a 
home care,a long-term care in nursing 
homesa (in some cases) 
 

N/A 
 
 
 

☒ 

Miscellaneous out-of-pocket costs (e.g., 
non-prescription medications) 
 

N/A 
 
 

☒ 

Ancillary costs (e.g., private insurance 
copayments, dental care, vision care, 
assistive devices, physiotherapy, etc.) 
 

N/A 
 

☒ 

Non-Health  
Direct out-of-
pocket costs 

Transportation costs 
  

N/A 
 

☑ 
 

 

Accommodation costs  N/A ☒ 
Losses in 
productivity  

Paid work 
Time off work resulting from vaccine 
administration, treatment, illness, 
disability, or death 
 

N/A 
 
 

☑ 
 
 

 

Presenteeism 
 

N/A ☒ 

Lifetime productivity consequences of 
childhood disease 
 

N/A ☑ 
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Area of 
Impact 

Definitions/Examples Included in Reference 
Case? 

Comments 

Publicly 
funded 
health 
system 
perspective 

Societal 
perspective 

Unpaid work 
Time off work in informal labour market 
(e.g., volunteering, helping, mentoring) 
resulting from vaccine administration, 
treatment, illness, disability, or death  
 

N/A 
 
 
 

☒ 
 
 
 

 

Uncompensated household production 
(e.g., cooking, cleaning, shopping, 
raising children, other tasks related to 
household management)  
 
 

N/A ☒ 
 

Informal caregiver productivity  
Time off work resulting from caring for 
sick individuals, accompanying 
individuals to vaccine appointments 
 

N/A ☑ 
 

 

Caregiver presenteeism 
 

N/A ☒ 

Macroeconomic consequences 
Labour supply shocks, widespread 
business closures  

N/A ☒  

Consumption Future individual non-medical 
consumption 
 

N/A ☒ 
 

 

Changes in household consumption  
 

N/A ☒ 
 

Health impacts of consumption (e.g., 
associated with job loss) 
 

N/A ☒ 
 

Education Level of educational achievement as a 
result of physical health, mental health, 
and cognition 
 

N/A 
 

☒  

Costs of special education needs as a 
result of illness/disability 
 

N/A ☒ 

Disruptions to learning outcomes (e.g., 
as a result of school-based vaccine 
delivery, pediatric disease and disability, 
or death/disability of a close family 
member) 
 

N/A 
 

☒ 
 

Social 
services and 
community 
services 

Social services and community services 
(e.g., disability support, programs to 
improve access to vaccination programs 
for adults) 

N/A 
 
  

☒ 
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Area of 
Impact 

Definitions/Examples Included in Reference 
Case? 

Comments 

Publicly 
funded 
health 
system 
perspective 

Societal 
perspective 

Child and Youth Services (e.g., 
awareness programs, family respite, 
programs to improve access to 
vaccination programs for children and 
youth) 
 

N/A ☒ 

Environment Environmental impact of vaccination 
programs and comparators from 
manufacturing, distribution, and 
implementation (e.g., antibiotic use) 
 

N/A 
 
 
 

☒ 
 
 
 

 

Food and non-food waste 
 

N/A 
 

☒ 

Carbon consumption 
 

N/A ☒ 

Other Areas Consider areas such as housing when 
applicable 
 

N/A ☒  

a Some of these costs may or may not be incurred by the publicly funded health system, depending on the precise 
nature of these costs and the relevant jurisdiction 
Abbreviation: QALY, quality-adjusted life-year 
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LIST OF ABBREVIATIONS 
 
AOM Acute otitis media 

CAP Community-acquired pneumonia 

CEA Cost-effectiveness analysis 

CFR Case fatality ratio 

CNDSS Canadian Notifiable Disease Surveillance System 

CUE Cost-utility analysis 

DAD Discharge Abstract Database 

IC Immunocompromising conditions 

ICER Incremental cost-effectiveness ratio 

ICS International Circumpolar Surveillance 

IPD Invasive pneumococcal disease 

LY Life year 

NVT Non-vaccine type 

pCAP Pneumococcal community-acquired pneumonia 

PD Pneumococcal disease 

Pneu-C-13 13-valent pneumococcal conjugate vaccine 

Pneu-C-15  15-valent conjugate pneumococcal vaccine 

Pneu-C-20  20-valent conjugate pneumococcal vaccine 

Pneu-P-23 23-valent pneumococcal polysaccharide vaccine 

QALY Quality-adjusted life year 

ROC Rest of Canada 

ST3 Serotype 3 

US United States 

VE VE 

VT Vaccine-type 
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