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ABSTRACT

The introduction of a pneumococcal conjugate vaccine (PCV) covering 13 serotypes (PCV13) into the Mexican
pediatric national immunization program (NIP) has substantially reduced the burden of pneumococcal disease
(PD) since 2010. This study aimed to estimate the impact of replacing either PCV13 or 15valent PCV (PCV15)
with 20-valent PCV (PCV20) in the Mexican pediatric NIP. A decision-analytic Markov model was developed to
compare the cost-effectiveness of PCV20 versus lower-valent vaccines from a Mexican public health sector
(payer) perspective over 10 years. Epidemiological and cost inputs were sourced from Mexican data. Direct
and indirect vaccine effects were estimated using PCV13 clinical effectiveness, 7-valent PCV efficacy studies,
and PCV13 impact data in Mexico. The estimated disease and cost impact of PCV20 was compared with PCV13
and PCV15, all under a 2 + 1 dosing schedule. A discount rate of 5% per annum was applied to costs and
health outcomes. Model robustness was evaluated through sensitivity analyses, including deterministic
sensitivity analysis (DSA), probabilistic sensitivity analysis (PSA), and additional scenario assessments. PCV20
was estimated to provide considerably more health benefits than both comparators by averting more cases of
PD compared with both PCV13 and PCV15, as well as a total cost saving of over 10 billion Mexican pesos. The
DSA, PSA, and scenario assessments confirmed minimal deviation from the base case. Therefore, the
introduction of PCV20 (2 + 1) into the Mexican pediatric NIP is expected to reduce the burden of PD and
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medical costs compared with lower-valent alternatives.

Introduction

Streptococcus pneumoniae (S. pneumoniae) is a commensal bac-
terium in the upper respiratory tract that significantly contributes
to pneumococcal diseases, including invasive pneumococcal dis-
ease (IPD) and noninvasive conditions (e.g., pneumonia and otitis
media)."”> With the greatest impact on infants, young children,
the elderly, and individuals with underlying risk factors/comor-
bidities, pneumococcal diseases are associated with considerable
mortality and morbidity burden globally.”

The first pneumococcal conjugate vaccine (PCV), covering 7
pneumococcal serotypes (PCV7), was introduced in 2006 as
a pilot vaccination initiative targeting economically disadvan-
taged regions of Mexico and became a part of Mexico’s pediatric
national immunization program (NIP).**> PCV7 targets serotypes
4,6B, 9V, 14, 18C, 19F, and 23F.° Between 2010 and 2011, PCV7
was replaced by 13-valent PCV (PCV13), which is offered to
children aged <2 years as part of the Mexican NIP under a 2 + 1
schedule and remains the standard of care (SoC).>” PCV13 covers
an additional six serotypes (1, 5, 7F, 3, 6A, and 19A) compared
with PCV7.° The introduction of PCVs into national routine
vaccination programs has greatly reduced the disease incidence.
Global observational impact data suggested that reductions in
disease incidence occurred in both vaccinated and unvaccinated
populations after the introduction of PCV7 and PCV13, which

extended beyond the direct vaccine effects estimated from the
original clinical PCV7 efficacy trials.* > However, a review by
Horn et al. 2021 suggested that the true impact of PCVs in
published analyses might be underestimated, with realworld
data on the number of averted cases of pneumococcal diseases
from PCVs up to three times higher than those estimated in
previous studies.**

Despite the introduction of PCV13 in 2011, pneumococcal
disease remains a public health and economic burden in
Mexico. Following the introduction of PCV13, an initial
downward trend in overall pneumococcal disease was
observed, followed by an upward trend in overall cases from
2016/2017, which might be the result of disease caused by non-
vaccine type serotypes.25

The 20-valent PCV (PCV20) is a novel vaccine for
active immunization for the prevention of pneumonia
and IPD caused by S. puneumoniae serotypes 1, 3, 4, 5,
6A, 6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B, 18C, 19A,
19F, 22F, 23F, and 33F. PCV20 received United States
Food and Drug Administration (US FDA) approval in
April 2023 to prevent IPD among individuals aged six
weeks to <18 years.”® Additionally, in March 2024, PCV20
received marketing authorization from the European
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Commission (EC) for active immunization to prevent IPD,
pneumonia, and acute otitis media among individuals aged
six weeks to <18 years.”” Furthermore, market authoriza-
tion was received in Mexico on August 1, 2024.°® The 15-
valent PCV (PCV15) has also been approved by the EC
and is recommended by the US Advisory Committee on
Immunization Practices (ACIP) as an option for childhood
vaccination.”””>!

Economic evaluation studies for PCVs in the Mexican pedia-
tric population have previously shown that the introduction of
PCV7, 10-valent PCV (PCV10), and PCV13 provided substantial
cost-savings, with PCV13 providing superior health outcomes
and cost-savings compared with lower-valent vaccines.™* This
study aimed to assess the cost-effectiveness of pediatric vaccina-
tion with PCV20 compared with the current SoC (PCV13), con-
sidering a 2 + 1 schedule for both, to prevent pneumococcal
disease in the Mexican population. PCV15 2 + 1 was also consid-
ered as a comparator versus PCV20 due to its anticipated approval
and potential as an alternative to the current SoC in Mexico.

Materials and methods
Model

A decision-analytic Markov cohort (state-transition) model
was developed in Microsoft Excel® (Redmond, WA, US),

populated with an annual cycle, to assess the costs and health
outcomes associated with switching from SoC (PCV13) to
PCV20, and from PCV15 to PCV20, all under a 2 + 1 schedule,
in the Mexican pediatric population over a 10-year time hor-
izon from Mexican public health sector perspective. The
Markov framework has been considered appropriate in several
costeffectiveness studies of PCVs globally.”*~*

In each annual cycle, vaccinated and unvaccinated indivi-
duals had the potential to transition to a disease state (i.e.,
experiencing pneumococcal disease) or remain in a healthy
state (i.e., not experiencing pneumococcal disease), with death
as an absorbing health state. Within the disease state, indivi-
duals could suffer from different clinical events, such as IPD
(meningitis or bacteremia); all-cause pneumonia (either non-
hospitalized or hospitalized); all-cause acute otitis media
(hereafter referred to as OM); or no pneumococcal disease
from which all costs and quality-adjusted life year (QALY)
decrements were considered (Figure 1). The probability of
death in the model was incorporated as a blend of general
mortality and case fatalities. Case fatalities were considered for
either meningitis, bacteremia, or hospitalized pneumonia. The
annual variation in transition probabilities for individual
health states considered age and vaccination status. Multiple
cohorts were considered to simulate temporal dynamics in the
study, reflecting real-world childhood vaccination programs.
Specifically, a new birth cohort was introduced at the start of

Potentially susceptible population by age group

24—35 months 18—34 years
36—47 months 35—49 years
48—59 months 50—64 years
5-17 years 65+ years
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Figure 1. Model structure. Abbreviations: IPD, invasive pneumococcal disease; OM, otitis media; PCV20, 20-valent pneumococcal conjugate vaccine.



each annual cycle, becoming eligible for vaccination,
a proportion of which was assumed to be vaccinated. The
model followed these cohorts throughout the time horizon,
alongside previously introduced cohorts, enabling the assess-
ment of cumulative and dynamic effects of vaccination on
newly vaccinated individuals and the broader population.
The model examined costs and health outcomes associated
with all included cohorts, enabling comprehensive vaccination
assessment. The analysis did not account for the sequelae
resulting from pneumococcal disease due to insufficient robust
data on these rare conditions in Mexico.

Key model outcomes included costs and clinical outcomes
(such as pneumococcal disease cases and deaths from disease),
life-years (LYs), and QALYs. Incremental outcomes, such as
incremental costs, incremental QALY, incremental LY, and
incremental cost-effectiveness ratio (ICER), were considered
in pairwise comparisons of PCV20 versus lower-valent
alternatives.

Model population

The multi-cohort model included both vaccinated and unvac-
cinated cohorts, of which the targeted population (i.e., vacci-
nated cohort) consisted of children aged <2 years, with other
age groups benefiting from indirect effects. Several age groups
were considered to capture heterogeneity by age in epidemiol-
ogy, disease probabilities, effectiveness of each vaccination
strategy, costs, and quality of life. For children aged <5 years,
one-year age groups (i.e., <12, 12-23, 24-35, 36-47, and 48-59
months) were adopted, whereas larger intervals were used to
stratify individuals aged =5 years (5-17, 18-34, 35-49, 50-64,
and 265 years). Population size and upcoming birth cohort
data were sourced from Mexican-specific data (Proyecciones
CONAPO data, 2023; Supplementary Table S1).*

At the start of each annual cycle, individuals who survived
the previous annual cycle moved into the next corresponding
age group, where relevant. As they transitioned, the relevant
epidemiological characteristics of the new age group, including
disease incidence, case fatality rates, and age-specific vaccine
effects, were assigned accordingly.

Time horizon, perspectives, and discounting

The base-case analysis was conducted from a Mexican public
health sector (i.e., payer perspective), the base-case settings are
presented in Supplementary Table S2. The model time horizon
was selected according to The Professional Society for Health
Economics and Outcomes Research (ISPOR) guideline, which
states that the time horizon should reflect the duration of
vaccine effectiveness.”' Observational studies of the PCV vac-
cination program have shown that both direct and indirect
effects of PCV7 and PCV13 reached a plateau 5-10 years after
PCV implementation.*** Therefore, a 10 year time horizon
was used, as this was considered long enough to capture all
relevant costs and health benefits. The model discounted the
costs and health benefits at a rate of 5% per annum, in line with
Mexican economic evaluation guidelines.*>**

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 3

Epidemiology and vaccine effectiveness

Model inputs prioritized Mexican published literature and
publicly available data sources where available. Key model
inputs are presented in Table 1. The age-specific serotype
coverage by each vaccine (PCV13, PCV15, and PCV20) and
disease incidence data for IPD were derived from the
Sistema Regional de Vacunas (SIREVA), utilizing the aver-
age data obtained between the years 2017-2021.>> The use of
average data in the model was argued to be a reasonable
approach. Since SIREVA is a passive and laboratory-based
regional surveillance system, where healthcare providers are
not mandated to report cases directly to SIREVA but to
national systems, which may subsequently contribute data
to SIREVA. SIREVA data are therefore dependent on
reports from sentinel hospitals and national reference
laboratories. Due to several limitations, such as a limited
hospital network and the exclusion of disease cases outside
of sentinel sites/reference laboratories, IPD data are often
underreported.*>®* Accordingly, IPD incidence rates from
SIREVA data were adjusted using an underestimation factor
of 2%, as reported in a 2021 study.*> The model categorized
IPD as either meningitis or bacteremia, of which the dis-
tribution of cases was sourced from SIREVA 2019.>° Data
for noninvasive diseases such as hospitalized pneumonia,
nonhospitalized pneumonia, and OM were retrieved from
Mexican-specific sources and published literature. Statista
2019 data for the number of all-cause hospitalized pneumo-
nia (inpatient) cases in Mexico were converted into inci-
dence per 100,000 individuals.*®

The incidence of all-cause non-hospitalized (outpatient)
pneumonia was calculated based on the proportion of inpati-
ents with all-cause pneumonia using data from Wasserman
et al. 2019 for the pediatric population and adults aged <49
years, and from Buzzo et al. 2013 for age groups >50 years.>*’
Incidence rates for all-cause OM in children <17 years were
retrieved from Wasserman et al. 2019.° The analysis incorpo-
rated mortality using both general mortality and case fatality
correspondent to meningitis, bacteremia, and hospitalized
pneumonia.>® Tt was assumed that no disease fatality was
related to non-hospitalized pneumonia.

The safety of PCV13 was demonstrated in several studies
across multiple countries with rarely reported treatment-
related adverse events (AEs) and no serious AEs or deaths.®®
The highervalent vaccines, PCV15 and PCV20, were approved
based on immunogenicity data, with safety profiles similar to
PCV13."% Therefore, the analysis did not consider any AEs
related to any of the assessed vaccines.

The assessment of outcomes spans the entire Mexican popu-
lation, capturing the full benefits of the vaccine (direct and
indirect effects). Direct effects occur immediately among the
vaccinated population, while the indirect effects gradually
accrue across the entire population, benefiting both the vacci-
nated cohort who were not fully protected as well as the unvac-
cinated cohort, over the model’s time horizon. As there were no
avaijlable data for the effectiveness and efficacy for PCV15 and
PCV20 at the time of the study, parameters for vaccine effects
were obtained from PCV13 effectiveness studies and PCV7 trial
data as well as PCV13 impact data from Mexico.
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Table 1. Key inputs.

Age group
<12 mo 12-23 mo 24-59 mo 5-17 yrs 18-34 yrs 35-49yrs  50-64yrs  =65yrs
Serotype coverage, %’
PCV13* 29.0 454 336 28.1 29.1 383 36.1 23.0
PCV15 30.8 45.4 336 28.5 31.6 39.2 39.2 269
PCV20 375 51.9 49.8 44.7 46.3 54.1 50.5 39.7
Disease incidence per 100,000 individuals
IPD%4 186 73 4.1 2.0 0.6 0.9 2.1 25
Hospitalized pneumonia®® 801.5 271.1 271.1 429 26.8 54.1 128.1 3705
Non-hospitalized pneumonia®*’ 6412.0 2168.9 2168.9 3434 214.1 433.0 6387 654.9
Otitis media® 855.3 855.3 1081.8 1860.6 - - - -
Proportion of IPD cases, %
Meningitiszs 30.43 30.43 30.43 14.29 0.00 0.00 38.90 38.90
Bacteremia 69.57 69.57 69.57 85.71 100.00 100.00 61.10 61.10
Fatality rate, %’
Meningitis 14.7 14.7 14.7 14.7 14.7 14.7 20.0 253
Bacteremia 45 45 35 42 4.1 4.1 4.1 4.1
Hospitalized pneumonia 3.0 3.0 3.0 3.0 3.0 3.0 124 16.8
Direct medical costs (per episode), $MXN®
Meningitis 267,282.68 267,282.68 267,032.47 188,184.13 193,654.94 197,711.37 209,617.51 296,368.71
Bacteremia 167,803.42 167,803.42 167,646.56 89,660.32 92,267.38 94,200.31  99,872.06 186,063.22
Hospitalized pneumonia 67,582.63 67,582.63 67,520.40 67,157.41 69,108.49 70,556.57 74,804.87 74,937.11
Non-hospitalized pneumonia 47,586.95 47,586.95 47,542.88 47,287.49 48,661.67 49,680.64 52,672.73 52,766.07
Otitis media 78,196.26 78,196.26 32,582.42 11,729.83 - - - -
Cost of dose Administration cost per dose
Vaccination costs**, SMXN
PCV132+1 183.78% 291.69
PCV152+1 183.78* 291.69
IPD* Hospitalized pneumonia® Non-hospitalized Otitis media®
pneumonia
Direct effects, %" 88.7 255 6.0 7.8
IPD% Hospitalized pneumonia®>~>3=>>  Non-hospitalized Otitis media'®*3 Excluded population
pneumonia®*>® from adult vaccination
program§ 40,56
Indirect effect - maximum reduction, %
<5y 50.3 43.8 323 28.0 -
5-17y 50.3 35.6 26.2 28.0 -
18-34y 57.8 225 0.0 - -
35-49y 489 225 0.0 - -
50-64y 51.2 25.2 0.0 - 16.8
=65y 69.1 26.9 0.0 47.9
Year(s)
1 2 3 4 5 6-10
Indirect effect - ramp-up 0.0 37.5 52.8 67.7 82.7 100.0
(PCV15/PCV20), %>*°7
0-19yrs 20-49 yrs 50-64 yrs 265 yrs
Baseline utilities® 0.94 0.93 0.92 0.91
0-17 yrs>®5° >18yrss
Utility decrements
Meningitis 0.023 0.13
Bacteremia 0.008 0.13
Hospitalized pneumonia 0.006 0.13
Non-hospitalized pneumonia 0.004 0.045
oM 0.005 N/A

*Assumption: same cost as PCV13. **Assumption: PCV20 cost is 10% higher than the PCV13. *Direct vaccine efficacy data were adjusted using serotype coverage pre-
PCV7 to pre-implementation (various years before implementation depending on source data) of higher-valent vaccines: 80.6% PCV7, 47.5% PCV20, 17.8% PCV15,
and 12.8% PCV13 - Pfizer data on file. Abbreviations: SMXN, Mexican peso; IPD, invasive pneumococcal disease; mo, months; N/A, not applicable; OM, otitis media;
PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15-valent pneumococcal conjugate vaccine; PCV20, 20-
valent pneumococcal conjugate vaccine; yrs, years.

In Mexico, under the 2 + 1 schedule for PCVs, the priming  vaccines, with 83.5% of individuals completing the full sche-
doses are given at ages 2 and 4 months, with a booster dose  dule by age 12 months.”
given at 12 months. Based on data reported from Gobierno de The direct vaccine effect against IPD was defined as the
Mexico, vaccine uptake was assumed to be equivalent for all  expected reduction in vaccine serotype IPD incidence among



vaccinated children aged <2 years using data on the effective-
ness of PCV13 against IPD (88.7%, 95% confidence interval
[CI]: 81.7-92.7).* The base-case assumed that all vaccine
serotypes had the same direct effect, regardless of vaccine.
The reduction in all-cause noninvasive disease incidence was
estimated by multiplying the effectiveness estimates of all-
cause hospitalized pneumonia (25.5%), non-hospitalized
pneumonia (6.0%), and OM (7.8%) from the PCV7 pivotal
trials with the ratio of current serotype coverage level for each
vaccine to the serotype coverage level for PCV7 at the time the
trials were conducted.”>”"”" To reflect the vaccine schedule in
which the two primary doses are given in the first year of life,
the direct effect within the first year was assumed at 67% of the
full direct effect (i.e., two-thirds of the full effect of a complete
2+ 1 schedule). Based on real-world effectiveness data from
Savulescu et al. 2022, direct effects were assumed to remain
unchanged for the first five years after the final dose and then
would gradually wane over time.*’ The direct vaccine effects
were assumed to reduce by 10% annually from Year 6 post-
vaccination, reaching 58% in Year 10, which represented the
maximum protection duration of all vaccines. However, since
the maximum modeling time horizon is 10 years, only the first
vaccinated birth cohort enter at the onset of the modeling year
would be benefited for the maximum protection. The duration
of the direct protection for all other sequential vaccinated birth
cohorts would only last to the end of modeling horizon.

As herd immunity is an important benefit of the implemen-
tation of a pediatric NIP, the analysis considered vaccine
indirect effects for unique serotypes covered in higher-valent
vaccines, PCV15 and PCV20, against all disease states.?*
Indirect effects against serotypes covered by all vaccines are
reported in Supplementary Table S3. Indirect effects were
assessed based on the change in incidence rate (i.e., percent
reduction) in unvaccinated age groups since the implementa-
tion of the PCV13 pediatric NIP in 2010.° The indirect effects
were assumed to occur gradually until a steady state was
attained, following the same approach as other studies of the
PCV20 pediatric vaccine.”>””* IPD and hospitalized pneumo-
nia indirect effects were applied to all age groups; whereas,
non-hospitalized pneumonia and OM indirect effects were
applied to children only (aged <17 years). Individuals covered
under the adult vaccination program (17% of those aged
50-64 years and 62% of those aged =65 years) were excluded
from receiving vaccine indirect effects.’® The indirect effect
against IPD (i.e., the maximum reduction in IPD incidence
following the introduction of PCV15 or PCV20) was estimated
based on the maximum reduction in IPD incidence from
Mexican surveillance data post PCV13 implementation from
SIREVA.”® For noninvasive diseases, due to the lack of robust
data from PCV13 effectiveness and impact studies, efficacy
data from PCV7 pivotal trials were used to estimate the reduc-
tion in disease incidence for inpatient/outpatient pneumonia
and OM. Due to the limited availability of Mexican data, the
model utilized impact data from European countries to esti-
mate noninvasive disease indirect effects.'®*>>>>*> Due to use
of PCV13 for over a decade, an assumption was made that the
indirect effects of the vaccine-type serotypes covered by
PCV13 had stabilized. Therefore, implementing higher-valent
vaccines such as PCV15 or PCV20 would not yield additional
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indirect effects for PCV13-unique serotypes. The indirect
effects of PCV15 and PCV20 were calculated only for the
newly covered serotypes, assuming these effects would be
realized gradually over the model’s time horizon. To inform
the accrual time of the indirect effects for PCV15 and PCV20,
IPD surveillance data from the United Kingdom (UK; Ladhani
et al,, 2018) were used, with the sixth year of the PCV13 infant
program designated as the steady-state year, in line with
Perdrizet et al., 2023.>>* Specifically, for individuals in age
groups other than the vaccination eligible age group, the dis-
counted indirect protection started to count in the
modeling year 2 and gradually increase along with the
modeling year increase. The full indirect effect, as specified
above, took effect at the modeling year 6 and thereafter.

Costs and utilities

Cost categories considered in this analysis included vaccine
costs, vaccine administration costs, and direct medical costs
(per episode) of pneumococcal diseases (Table 1). All costs
were calculated in Mexican pesos (MXN) inflated to
January 2024 using the Indice Nacional de Precios al
Consumidor (INEGI) tool.”” In this study, as we aimed to
provide evidence to aid policymakers in Mexico regarding
the implementation of higher-valent PCV into the NIP for
infants and children, using local currency (i.e., MXN) to
ensure that the results are relevant and applicable to the local
context. Age-specific baseline utility values, informed by
Wasserman et al. 2019, were assumed for healthy
individuals.” QALY decrements for pneumococcal diseases
were sourced from published literature,*>>%°"-6>7

Sensitivity and scenario analyses

Through a series of deterministic sensitivity analysis (DSA),
probabilistic sensitivity analysis (PSA), and scenario analyses,
uncertainties around model inputs and structural assumptions
were assessed. The DSA was conducted to identify key model
influencers on costs and QALYs by varying relevant para-
meters individually at a default variance of 10% to estimate
the upper and lower bounds. In the PSA, all relevant model
parameters were randomly distributed using different distri-
butions based on recommendations described by Briggs et al.
2006, such as beta for proportion, serotype coverage, gamma
for incidence and costs, and normal distribution for popula-
tion size or doses.”” A standard error of 10% was used and the
analysis was performed with 1,000 iterations.

Additionally, a series of scenario analyses were con-
ducted to assess uncertainty around the structural and
methodological assumptions, as well as the data sources
used to inform model inputs. Scenarios la and 1b exam-
ined the impact of varying discount rates: Scenario la
applied no discount rate for benefits and a 3% discount
rate for costs, while Scenario 1b applied a 7% discount rate
for both benefits and costs. Scenarios 2a — ¢ focused on the
assumptions related to vaccine indirect effects. These
included estimating indirect effects for the unvaccinated
cohort only (2a), assuming all adults benefit from indirect
effect (2b), and a scenario in which indirect effects were
only considered against IPD (2c). Scenario 3 adopted an
“efficacy-based approach” using PCV7 clinical trial data to
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estimate direct effect against IPD (93.9%).”" In Scenario 4,
the percentage of pneumonia cases attributable to
S. pneumoniae (18%) was applied to estimate health state
outcomes for pneumonia.”® Scenario 5 explored a societal
perspective by including productivity loss in the total costs.
Lastly, scenarios 6a and 6b tested the assumptions around
serotype replacement, applying a linear reduction of 5% or
10% annually for PCV15- and PCV20-unique serotypes
(i.e., those newly covered versus PCV13) until a steady
state is reached to account for potential serotype distribu-
tion changes over time. While PCV13 serotypes were
assumed to have reached a steady state, PCV15- and
PCV20-unique serotypes were expected to decline, leading
to an increase in non-vaccine-type serotypes. As a result,
the direct and indirect effects of PCV15 and PCV20 on
pneumococcal diseases diminished over the 10-year hori-
zon. A summary of the explored scenarios are provided in
Table 2. Indirect cost inputs for the scenario exploring
societal cost are reported in Supplementary Table S4.

Results
Base case

The discounted results for pairwise comparisons of PCV20
versus PCV13 and PCV20 versus PCV15 over a 10-year time
period are presented in Table 3. In the base-case analysis,
PCV20 was the dominant vaccination strategy compared
with both SoC (PCV13) and PCV15 from a Mexican public
health sector perspective over 10years. Compared with
PCV13, the implementation of PCV20 was estimated to result
in a reduction of 2,068 IPD cases 55,720 hospitalized pneumo-
nia cases, 150,959 nonhospitalized pneumonia cases, 244,124
OM cases, and 3,536 deaths due to disease across all ages.
Similarly, in the pairwise comparison with PCVI5,
a considerable number of disease cases were averted by
PCV20: 1,863 IPD cases 49,578 hospitalized pneumonia

Table 2. Explored scenarios.

cases, 142,428 nonhospitalized pneumonia cases, and 237,771
OM cases, plus 2,943 deaths due to disease.

As a result, the incremental QALY gain with PCV20 versus
PCV13 was 65,774, and with PCV20 versus PCV15 was 56,647.
Replacing PCV13 with PCV20 was estimated to result in a total
cost saving of $MXN -11,046,591,714 and replacing PCV20
with PCV15 was estimated to result in a total cost saving of
$MXN 10,264,306,296.

Sensitivity analyses

DSA results are presented in Figure 2 for PCV20 versus PCV13
and Figure 3 for PCV20 versus PCV15. For both comparisons,
the top five most powerful cost drivers were vaccine coverage
of the comparator (PCV13 or PCV15) and PCV20, overall
serotype coverage by vaccine, and administration cost per
dose for each PCV. The top five key drivers of QALYs in
both pairwise comparisons followed the same order, from
maximum indirect effect of hospitalized pneumonia with
PCV20, overall serotype coverage by vaccine, baseline utilities,
and the incidence and case fatality rate of hospitalized pneu-
monia. In all DSAs, PCV20 remained dominant compared
with both PCV13 and PCV15.

The cost-effectiveness plane from the PSA based on
1,000 simulations is presented in Supplementary Figure
S1 for comparison of PCV20 versus PCV13 and
Supplementary Figure S2 for PCV20 versus PCV15. In
the PSA, despite variation in base-case parameter inputs,
all of the incremental costeffectiveness ratios fell in the
lower-right hand quadrant, indicating that PCV20 vaccina-
tion was less costly and more effective than PCV13 and
PCV15 vaccination (dominant) in all 1,000 simulations.

Scenario analyses

The results from different scenario analyses did not change the
conclusions, with PCV20 remaining the dominant strategy in

Settings/parameters Base case

Scenarios

S1. Discount rates 5% for both costs and benefits.

S2. Indirect effects ® Applied to the whole population.

Consider indirect effects against all disease states.

® Data source for PCV20 2+ 1 and PCV15 2+ 1: use indirect

effect from SoC.
® Exclude vaccinated adults from indirect effect.
S3. Direct effect °
approach” (vaccine type) 88.7%.

® Non-invasive disease: the “efficacy-based approach” 25.5%,

Invasive pneumococcal disease: the “effectiveness-based

1a. No discount rate (0%) for benefits and 3% discount in costs.
1b. 7% discount in both effects and costs.

2a. Estimated for unvaccinated cohort only.

2b. Assume all adult population benefiting from indirect effects.
2c. Only consider indirect effects against IPD.

® |nvasive pneumococcal disease: the “efficacy approach” of
93.9%.
® Non-invasive disease: same as the base case.

6%, and 7.8% for hospitalized pneumonia, non-hospitalized

pneumonia, and otitis media, respectively.

S4. Health state
outcomes

S5. Perspective
S6. Serotype

replacement

Payer perspective.
No replacement.

All-cause disease. Unknown percentage of cases by S. pneumoniae.

If known percentage of cases by S. pneumoniae (18% for community-
acquired pneumonia (Lansbury et al., 2022).78

Societal perspective.

6a. Linear reduction at 5% in PCV15 and PCV20 newly covered
serotypes.

6b. Linear reduction at 10% in PCV15 and PCV20 newly covered
serotypes.

Abbreviations: IPD, invasive pneumococcal disease; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15-valent pneumococcal conjugate vaccine; PCV20, 20-
valent pneumococcal conjugate vaccine; S. pneumoniae, Streptococcus pneumoniae; SoC, standard of care.



Table 3. Discounted results by vaccine over a 10-year period.
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Model outcomes SoC: PCV13 2 +1 PCV152+1 PCV20 2 +1 PCV13 versus PCV20 PCV15 versus PCV20
Cases of IPD 26,426 26,221 24,358 —2,068 -1,863

IPD cases which are meningitis 6,356 6,299 5,873 —483 —426

IPD cases which are bacteremia 20,071 19,922 18,486 -1,585 -1,437
Cases of hospitalized pneumonia 1,552,278 1,546,136 1,496,557 —55,720 —49,578
Cases of non-hospitalized pneumonia 8,408,580 8,400,049 8,257,621 —150,959 —142,428
Cases of otitis media 6,361,537 6,355,184 6,117,413 —244,124 —237,771
Number of deaths due to disease 133,383 132,789 129,846 —-3,536 —2,943
Total QALYs 2,403,377,370 2,403,386,497 2,403,443,144 65,774 56,647
Total LYs 2,631,411,629 2,631,416,724 2,631,447,459 35,380 30,735
Total costs, SMXN 540,265,516,104 539,483,230,686 529,218,924,390 —11,046,591,714 —10,264,306,296

Total direct cost of doses, SMXN 20,837,130,672 20,837,155,004 21,642,652,942 805,522,270 805,497,938

Total direct cost of disease, SMXN 519,428,385,432 518,646,075,682 507,576,271,448 -11,852,113,984 —11,069,804,234

ICER per QALY - - PCV20 is dominant PCV20 is dominant

Abbreviations: SMXN, Mexican peso; ICER, incremental cost-effectiveness ratio; IPD, invasive pneumococcal disease; LY, life-year; PCV13, 13-valent pneumococcal
conjugate vaccine; PCV15, 15valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine; QALY, quality-adjusted life year; SoC,
standard of care.

Costs, MXN
B Ranked Inc Costs Low Ranked Inc Costs High

-$12,500,000,000 -$11,750,000,000 -$11,000,000,000 -$10,250,000,000 -$9,500,000,000

Vaccine uptake: PCV13 J

Vaccine uptake: PCV20 ]

Current overall serotype coverage by vaccine |

Administration cost per dose: PCV20 |

Administration cost per dose: PCV13 |

-

Cost per dose: PCV20
Maximum indirect effect: non-hospitalized pneumonia: PCV20

Cost per dose: PCV13

Medical cost: non-hospitalized pneumonia

Incidence: non-hospitalized pneumonia

QALYs

ORanked Inc QALYs Low B Ranked Inc QALY's High

55,000 61,250 67,500 73,750 80,000

Maximum indirect effect: hospitalized pneumonia: PCV20

Current overall serotype coverage by vaccine

Baseline utilities

Incidence: hospitalized pneumonia

Case fatality rates: hospitalized pneumonia

Vaccine uptake: PCV20

1

Vaccine uptake: PCV13

Indirect effect accrual: PCV20

AC-Efficacy for: PCV7

Incidence: IPD ‘

Figure 2. DSA results: SoC (PCV13) versus PCV20, (a) costs (10% bounds), (b) QALYs (10% bounds). Abbreviations: AC-efficacy, all-cause efficacy; DSA, deterministic
sensitivity analysis; IPD, invasive pneumococcal disease; MXN, Mexican peso; PCV13, 13valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal
conjugate vaccine; QALY, quality-adjusted life year; SoC, standard of care.

all scenario analyses versus PCV13 and PCV15 a scenario with a societal perspective both also led to similar

(Supplementary Table S5). Specifically, using different dis-
count rates led to similar total cost savings and similar or
higher QALYs gained with PCV20 as in the base case.
Assuming all adults benefited from indirect effects and

findings. However, lower cost savings and QALY gain versus
the base case were found in the scenario that only considered
indirect effects against IPD. Examining the assumptions for
serotype replacement, as well as a scenario in which health
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Costs, MXN

@Ranked Inc Costs Low

-$12,000,000,000 -$11,125,000,000 -$10,250,000,000 -$9,375,000,000

Ranked Inc Costs High

-$8,500,000,000

Vaccine uptake: PCV15

Vaccine uptake: PCV20 |

|

Administration cost per dose: PCV20 |

Administration cost per dose: PCV15

Current overall serotype coverage by vaccine

Cost per dose: PCV20

Maximum indirect effect: non-hospitalized pneumonia: PCV20
Cost of dose: PCV15

Medical cost: non-hospitalized pneumonia

Incidence: non-hospitalized pneumonia

|
__|

==

QALYs
@ Ranked Inc QALYs Low JRanked Inc QALY's High

45,000

51,250 57,500 63,750 70,000

Maximum indirect effect: hospitalized pneumonia: PCV20
Current overall serotype coverage by vaccine

Baseline utilities

Incidence: hospitalized pneumonia

Case fatality rates: hospitalized pneumonia

Vaccine uptake: PCV20

Maximum indirect effect: hospitalized pneumonia: PCV15
Vaccine uptake: PCV15

Indirect effect accrual: PCV20

Indirect effect accrual: PCV15

=

Luz

Figure 3. DSA results: PCV15 versus PCV20, (a) costs (10% bounds), (b) QALYs (10% bounds). Abbreviations: MXN, Mexican peso; PCV15, 15-valent pneumococcal
conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year.

outcomes for pneumonia were estimated based on 18% of
cases being caused by S. pneumoniae, led to lower cost savings
and QALY gain versus the base case; however, PCV20
remained the dominant strategy in all scenarios.

Discussion

This cost-effectiveness analysis assessed the impact of switch-
ing from the current SoC (PCV13) or PCV15 to PCV20 in the
Mexican pediatric NIP over 10 years from a Mexican public
health sector perspective. The results suggested that PCV20
would be the dominant strategy (i.e., providing cost savings
and higher QALYs) over both comparators. The model pre-
dicted that PCV20 would avert more cases of disease, resulting
in lower medical costs related to disease, compared with low-
ervalent alternatives across all disease states. The findings
suggest that with greater health benefits, likely due to its
broader serotype coverage, implementation of PCV20 into
the Mexican pediatric NIP was predicted to lead to cost savings
versus lowervalent comparators.

In this study, we prioritized the most recent Mexican-
specific input data, where possible. In addition, we explored
multiple scenarios and sensitivity analyses to examine uncer-
tainties around the base case and evaluate the robustness of the

results. All scenario analyses estimated that PCV20 would be
the dominant strategy compared with both PCV13 and
PCV15, consistent with the results from the basecase analysis.
The DSA and PSA indicated robust results in all iterations. The
finding that PCV20 is dominant versus lower-valent alterna-
tives is consistent with previously published economic evalua-
tions in other countries, such as studies in the UK, Germany,
Canada, Greece, and the Netherlands.”>”*7°~%>

Despite being consistent with previous studies and robust
in all sensitivity and scenario analyses, the results of this study
should be considered with the following limitations. Firstly, no
real-world data were available to inform the public health
impact of including PCV20 and PCV15 in pediatric NIPs at
the time the analyses were conducted. These next-generation
PCVs also did not have available efficacy data from clinical
studies for ethical reasons. Therefore, vaccine direct effect
estimates were derived from lower-valent PCVs (i.e., from
PCV13 effectiveness for IPD and PCV?7 efficacy for noninva-
sive diseases); additional serotypes covered by PCV15 and
PCV20 were accounted for via inclusion of assumptions.
However, this approach has been considered appropriate and
widely used in costeffectiveness analyses for higher-valent
vaccines.”****>% Evaluating vaccine indirect effects was chal-
lenging due to the lack of available data for higher-valent



PCVs, since these effects require the longterm implementation
of vaccination programs. The model was based on observa-
tional data from countries that have implemented PCV13 in
infant NIPs, including IPD data from Mexico. Data from high-
erincome countries such as France and the UK were used for
noninvasive disease data, due to large sample size and stable
impacts, where no Mexican data were available. Furthermore,
in the base-case analysis, serotype replacement was not
included. However, the impact of increasing non-vaccine ser-
otypes over time was tested, the results of which were consis-
tent with the base case.

Conclusions

The results of the current cost-effectiveness study projected
that PCV20 would be less costly and more effective com-
pared with both PCV13 (the current SoC) and PCV15 in
the Mexican pediatric NIP from a public health sector
perspective over a 10-year time horizon. The results were
stable and robust in all sensitivity and scenario analyses. As
such, replacing the current SoC with PCV20, or imple-
menting PCV20 instead of PCV15, would be regarded as
a cost-saving strategy in the Mexican pediatric NIP, likely
due to its broader serotype coverage compared with lower-
valent alternatives.

Acknowledgments

Medical writing support was provided by Sally Neath at Cytel UK and was
funded by Pfizer.

Disclosure statement

Jose Luis Huerta, Gustavo Ivan Torres, Warisa Wannaadisai, and
Liping Huang report employment by Pfizer, the sponsor of this
study and manufacturer of PCV20. An Ta and Elizabeth Vinand
report consulting fees from Pfizer to their employer (Cytel) at the
time of the study for the development of the model for the submitted
work. An Ta and Elizabeth Vinand are employees of Cytel, which
received funding from Pfizer in connection with the development of
this manuscript.

Funding

The study was sponsored by Pfizer. The sponsor was involved in the study
design, analysis, and interpretation of the data.

Notes on contributors

José Luis Huerta currently serves as the Value and Access Lead for the
Vaccines Portfolio at Pfizer. Since 2021, he has been working as the
HEOR Lead at Pfizer Mexico. With over 13 years of experience in
technology and access assessments in the healthcare sector, José Luis
has worked in both the public sector, including IMSS at the central level
and the Ministry of Health at the federal level, and the private sector.
Previously, he worked as a HEOR consultant at Creativ-Ceutical in
Paris, France, before joining Pfizer. José Luis holds a Master’s degree
in Finance from the Instituto Tecnol6gico de México and a Master’s
degree in Health Economics from the Université Paris-Est Créteil in
Paris, France.

An Ta is an Associate Director at Cytel Pvt. Ltd., specializing in health
economic modeling and patient-reported outcomes. Her research spans

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 9

various therapeutic areas, including autoimmune and inflammatory dis-
eases, inflammatory bowel disease, cardiovascular disease, pneumococcal
vaccination, and oncology. An holds a PhD in Health Economics from the
University of Sheffield, where she focused on wellbeing and stated pre-
ferences using Discrete Choice Experiments (DCEs), and a master’s
degree in Economics and International Relations from the University of
East Anglia.

Elizabeth Vinand is a Research Consultant for Cytel. She possesses
a master’s degree in pharmacology from the University of Bristol with
prior industry experience. She has over 3 years of experience in HEOR
consultancy, specializing in model development, offering statistical exper-
tise for core global models, conducting comparative-effectiveness
research, and model adaptations.

Liping Huang is a Director of Health Economics of Outcomes Research
(HEOR) at Pfizer. Her research interest is to assess health economic
values of vaccines. Prior to joining Pfizer, Liping held various outcomes
research roles and received her master’s degree in public health from
Louisiana State University and a Master of Science in Biostatistics from
University of Medicine and Dentistry of New Jersey. She also received
a MD from Shanghai Medical University.

ORCID

José Luis Huerta ((2) http://orcid.org/0000-0001-7621-8864

Author contributions

Liping Huang, Jose Luis Huerta, Gustavo Ivan Torres, and Warisa
Wannaadisai were involved in the study conceptualization and metho-
dology. An Ta and Elizabeth Vinand conducted the formal analysis (data
analysis and interpretation). All authors drafted, edited, critically
reviewed, and approved the final version of the manuscript.

Data availability statement

All data generated or analyzed during this study are included in this
published article/as supplementary information files.

Ethical approval

As this study used publicly available or anonymized data, ethical approval
was not necessary.

References

1. Ganaie F, Saad JS, McGee L, van Tonder AJ, Bentley SD, Lo SW,
Gladstone RA, Turner P, Keenan JD, Breiman RF, et al. A new
pneumococcal capsule type, 10D, is the 100th serotype and has
a large cps fragment from an oral streptococcus. mBio. 2020;11
(3):11. doi: 10.1128/mBi0.00937-20.

2. Weiser JN, Ferreira DM, Paton JC. Streptococcus pneumoniae:
transmission, colonization and invasion. Nat Rev Microbiol.
2018;16(6):355-367. doi: 10.1038/541579-018-0001-8.

3. Troeger C, Blacker B, Khalil IA, Rao PC, Cao J, Zimsen SRM,
Albertson SB, Deshpande A, Farag T, Abebe Z, et al. Estimates of
the global, regional, and national morbidity, mortality, and aetiol-
ogies of lower respiratory infections in 195 countries, 1990-2016:
a systematic analysis for the global burden of disease study 2016.
Lancet Infect Dis. 2018;18(11):1191-1210. doi: 10.1016/S1473-
3099(18)30310-4.

4. Chacon-Cruz E, Rivas-Landeros RM, Volker-Soberanes ML. Early
trends in invasive pneumococcal disease in children following the
introduction of 13-valent pneumococcal conjugate vaccine: results
from eight years of active surveillance in a Mexican hospital. Ther
Adv Vaccines. 2014;2(6):155-158. doi: 10.1177/2051013614547199.


https://doi.org/10.1128/mBio.00937-20
https://doi.org/10.1038/s41579-018-0001-8
https://doi.org/10.1016/S1473-3099(18)30310-4
https://doi.org/10.1016/S1473-3099(18)30310-4
https://doi.org/10.1177/2051013614547199

10 (&) J.L HUERTAET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Baez-Revueltas FB,

. Wasserman M, Palacios MG, Grajales AG, Baez/Revueltas FB,

Wilson M, McDade C, Farkouh R. Modeling the sustained use of
the 13-valent pneumococcal conjugate vaccine compared to
switching to the 10-valent vaccine in Mexico. Hum Vaccines &
Immunother. 2019;15(3):560-569. doi: 10.1080/21645515.2018.
1516491.

. Centers for Disease Control and Prevention. About pneumococcal

vaccines. [Accessed 2024 May]. https://www.cdc.gov/vaccines/
vpd/pneumo/hcp/about-vaccine.html.

Serrano Galan CE, Wasserman M,
Grajales AG, Palacios MG. Pneumococcal vaccines produce sub-
stantial cost-savings in Mexico. Value Health. 2018;21:5152. doi:
10.1016/j.jval.2018.04.1055.

. Shiri T, Datta S, Madan ], Tsertsvadze A, Royle P, Keeling M]J,

McCarthy ND, Petrou S. Indirect effects of childhood pneumo-
coccal conjugate vaccination on invasive pneumococcal disease:
a systematic review and meta-analysis. Lancet Global Health.
2017;5(1):e51-e59. doi: 10.1016/S2214-109X(16)30306-0.

. Ben-Shimol S, Dagan R, Givon-Lavi N, Avital D, Bar-Ziv ],

Greenberg D. Use of chest radiography examination as a probe
for pneumococcal conjugate vaccine impact on lower respiratory
tract infections in young children. Clin Infect Dis. 2020;71
(1):177-187. doi: 10.1093/cid/ciz768.

Ben-Shimol S, Givon-Lavi N, Leibovitz E, Raiz S, Greenberg D,
Dagan R. Impact of widespread introduction of pneumococcal
conjugate vaccines on pneumococcal and nonpneumococcal otitis
media. Clin Infect Dis. 2016;63:611-618.

Ben-Shimol S, Givon-Lavi N, Leibovitz E, Raiz S, Greenberg D,
Dagan R. Near-elimination of otitis media caused by 13-valent
pneumococcal conjugate vaccine (PCV) serotypes in southern
Israel shortly after sequential introduction of 7-valent/13-valent
PCV. Clin Infect Dis. 2014;59(12):1724-1732. doi: 10.1093/cid/
ciu683.

Gentile A, Bakir J, Firpo V, Casanueva EV, Ensinck G, Lopez
Papucci S, Lucion MF, Abate H, Cancellara A, Molina F, et al.
PCV13 vaccination impact: a multicenter study of pneumonia in
10 pediatric hospitals in Argentina. PLOS ONE. 2018;13(7):
€0199989. doi: 10.1371/journal.pone.0199989.

Gisselsson-Solen M. Trends in otitis media incidence after con-
jugate pneumococcal vaccination: a national observational study.
Pediatr Infect Dis J. 2017;36(11):1027-1031. doi: 10.1097/INF.
0000000000001654.

Greenberg D, Givon-Lavi N, Ben-Shimol S, Ziv JB, Dagan R.
Impact of PCV7/PCV13 introduction on community-acquired
alveolar pneumonia in children <5 years. Vaccine. 2015;33
(36):4623-4629. doi: 10.1016/j.vaccine.2015.06.062.

Griffin MR, Mitchel E, Moore MR, Whitney CG, Grijalva CG.
Declines in pneumonia hospitalizations of children aged <2 years
associated with the use of pneumococcal conjugate vaccines -
Tennessee, 1998-2012. MMWR Morb Mortal Wkly Rep.
2014;63:995-998.

Johansson Kostenniemi U, Palm ], Silfverdal SA. Reductions in
otitis and other respiratory tract infections following childhood
pneumococcal vaccination. Acta Paediatr. 2018;107(9):1601-1609.
doi: 10.1111/apa.14345.

Kawai K, Adil EA, Barrett D, Manganella J, Kenna MA.
Ambulatory visits for otitis media before and after the introduc-
tion of pneumococcal conjugate vaccination. ] Pediatr.
2018;201:122-27.el. doi: 10.1016/j.jpeds.2018.05.047.

Lau WC, Murray M, El-Turki A, Saxena S, Ladhani S, Long P,
Sharland M, Wong ICK, Hsia Y. Impact of pneumococcal
conjugate vaccines on childhood otitis media in the United
Kingdom. Vaccine. 2015;33(39):5072-5079. doi: 10.1016/j.vac
cine.2015.08.022.

Levy C, Varon E, Picard C, Béchet S, Martinot A, Bonacorsi S,
Cohen R. Trends of pneumococcal meningitis in children after
introduction of the 13-valent pneumococcal conjugate vaccine in
France. Pediatr Infect Dis J. 2014;33(12):1216-1221. doi: 10.1097/
INF.0000000000000451.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Luca DL, Kwong JC, Chu A, Sander B, O’Reilly R, McGeer AJ,
Bloom DE. Impact of pneumococcal vaccination on pneumonia
hospitalizations and related costs in Ontario: a population-based
ecological study. Clin Infect Dis. 2018;66(4):541-547. doi: 10.1093/
cid/cix850.

Marom T, Tan A, Wilkinson GS, Pierson KS, Freeman JL,
Chonmaitree T. Trends in otitis media-related health care use in
the United States, 2001-2011. JAMA Pediatr. 2014;168(1):68-75.
doi: 10.1001/jamapediatrics.2013.3924.

Ouldali N, Levy C, Minodier P, Morin L, Biscardi S, Aurel M,
Dubos F, Dommergues MA, Mezgueldi E, Levieux K, et al. Long-
term association of 13-valent pneumococcal conjugate vaccine
implementation with rates of community-acquired pneumonia in
children. JAMA Pediatr. 2019;173(4):362-370. doi: 10.1001/jama
pediatrics.2018.5273.

Rodrigo C, Bewick T, Sheppard C, Greenwood S, Mckeever TM,
Trotter CL, Slack M, George R, Lim WS. Impact of infant 13-valent
pneumococcal conjugate vaccine on serotypes in adult
pneumonia. Eur Respir J. 2015;45(6):1632-1641. doi: 10.1183/
09031936.00183614.

Horn EK, Wasserman MD, Hall-Murray C, Sings HL, Chapman R,
Farkouh RA. Public health impact of pneumococcal conjugate
vaccination: a review of measurement challenges. Expert Rev
Vaccines. 2021;20(10):1291-1309. doi: 10.1080/14760584.2021.
1971521.

Sistema Regional de Vacunas (SIREVA). [Accessed 2024 Feb].
https://www.insp.mx/lineas-de-investigacion/medicamentos-en-
salud-publica/sireva.html.

U.S. FDA approves PREVNAR 20°, Pfizer’s 20-valent pneumococcal
conjugate vaccine for infants and children. [Accessed 2024 Mar 13].
https://www.pfizer.com/news/press-release/press-release-detail/us-
fda-approves-prevnar-20r-pfizers-20-valent-pneumococcal.
European Medicines Agency (EMA). European public assessment
report (EPAR). Prevenar 20 (previously apexxnar). [Accessed 2024
Mar 13]. https://www.ema.europa.eu/en/medicines/human/
EPAR/prevenar-20-previously-apexxnar.

Federal committee for protection from sanitary risks (COFEPRIS).
[Accessed 2025 Feb]. https://tramiteselectronicos02.cofepris.gob.mx/
BuscadorPublicoRegistrosSanitarios/BusquedaRegistroSanitario.aspx.
EMA. Vaxneuvance. European public assessment report (EPAR).
[Accessed 2024 Feb]. https://www.ema.europa.eu/en/medicines/
human/EPAR/vaxneuvance.

Advisory Committee on Immunization Practices (ACIP). GRADE:
15-valent pneumococcal conjugate vaccine (PCV15) use in chil-
dren aged <2 years. [Accessed 2024 Jan]. https://www.cdc.gov/
vaccines/acip/recs/grade/pneumo-PCV15-child.html.

Advisory Committee on Immunization Practices (ACIP). GRADE:
PCV15 use in children aged 2-18 years with certain underlying
medical conditions that increase the risk of pneumococcal disease.
[Accessed 2024 Feb]. https://www.cdc.gov/vaccines/acip/recs/
grade/pneumo-PCV15-child-risk-based.html.

Mucifio-Ortega E, Mould-Quevedo JF, Farkouh R, Strutton D.
Evaluacién Econémica de un Programa de Inmunizacién
Infantil en Meéxico Basado en la Vacuna Neumocdcica
Conjugada 13-Valente. Value Health. 2011;14(5):S65-S70. doi:
10.1016/j.jval.2011.05.025.

Rozenbaum MH, Sanders EA, van Hoek AJ, Jansen AGSC, van der
Ende A, van den Dobbelsteen G, Rodenburg GD, Hak E, Postma M]J.
Cost effectiveness of pneumococcal vaccination among Dutch
infants: economic analysis of the seven valent pneumococcal con-
jugated vaccine and forecast for the 10 valent and 13 valent vaccines.
BMJ. 2010;340(jun02 1):c2509. doi: 10.1136/bmj.c2509.

Strutton DR, Farkouh RA, Earnshaw SR, Hwang S, Theidel U,
Kontodimas S, Klok R, Papanicolaou S. Cost-effectiveness of
13-valent pneumococcal conjugate vaccine: Germany, Greece,
and the Netherlands. J Infect. 2012;64(1):54-67. doi: 10.1016/j.
jinf.2011.10.015.

Talbird SE, Taylor TN, Knoll S, Frostad CR, Marti SG. Outcomes
and costs associated with PHiD-cv, a new protein D conjugate


https://doi.org/10.1080/21645515.2018.1516491
https://doi.org/10.1080/21645515.2018.1516491
https://www.cdc.gov/vaccines/vpd/pneumo/hcp/about-vaccine.html
https://www.cdc.gov/vaccines/vpd/pneumo/hcp/about-vaccine.html
https://doi.org/10.1016/j.jval.2018.04.1055
https://doi.org/10.1016/j.jval.2018.04.1055
https://doi.org/10.1016/S2214-109X(16)30306-0
https://doi.org/10.1093/cid/ciz768
https://doi.org/10.1093/cid/ciu683
https://doi.org/10.1093/cid/ciu683
https://doi.org/10.1371/journal.pone.0199989
https://doi.org/10.1097/INF.0000000000001654
https://doi.org/10.1097/INF.0000000000001654
https://doi.org/10.1016/j.vaccine.2015.06.062
https://doi.org/10.1111/apa.14345
https://doi.org/10.1016/j.jpeds.2018.05.047
https://doi.org/10.1016/j.vaccine.2015.08.022
https://doi.org/10.1016/j.vaccine.2015.08.022
https://doi.org/10.1097/INF.0000000000000451
https://doi.org/10.1097/INF.0000000000000451
https://doi.org/10.1093/cid/cix850
https://doi.org/10.1093/cid/cix850
https://doi.org/10.1001/jamapediatrics.2013.3924
https://doi.org/10.1001/jamapediatrics.2018.5273
https://doi.org/10.1001/jamapediatrics.2018.5273
https://doi.org/10.1183/09031936.00183614
https://doi.org/10.1183/09031936.00183614
https://doi.org/10.1080/14760584.2021.1971521
https://doi.org/10.1080/14760584.2021.1971521
https://www.insp.mx/lineas-de-investigacion/medicamentos-en-salud-publica/sireva.html
https://www.insp.mx/lineas-de-investigacion/medicamentos-en-salud-publica/sireva.html
https://www.pfizer.com/news/press-release/press-release-detail/us-fda-approves-prevnar-20r-pfizers-20-valent-pneumococcal
https://www.pfizer.com/news/press-release/press-release-detail/us-fda-approves-prevnar-20r-pfizers-20-valent-pneumococcal
https://www.ema.europa.eu/en/medicines/human/EPAR/prevenar-20-previously-apexxnar
https://www.ema.europa.eu/en/medicines/human/EPAR/prevenar-20-previously-apexxnar
https://tramiteselectronicos02.cofepris.gob.mx/BuscadorPublicoRegistrosSanitarios/BusquedaRegistroSanitario.aspx
https://tramiteselectronicos02.cofepris.gob.mx/BuscadorPublicoRegistrosSanitarios/BusquedaRegistroSanitario.aspx
https://www.ema.europa.eu/en/medicines/human/EPAR/vaxneuvance
https://www.ema.europa.eu/en/medicines/human/EPAR/vaxneuvance
https://www.cdc.gov/vaccines/acip/recs/grade/pneumo-PCV15-child.html
https://www.cdc.gov/vaccines/acip/recs/grade/pneumo-PCV15-child.html
https://www.cdc.gov/vaccines/acip/recs/grade/pneumo-PCV15-child-risk-based.html
https://www.cdc.gov/vaccines/acip/recs/grade/pneumo-PCV15-child-risk-based.html
https://doi.org/10.1016/j.jval.2011.05.025
https://doi.org/10.1016/j.jval.2011.05.025
https://doi.org/10.1136/bmj.c2509
https://doi.org/10.1016/j.jinf.2011.10.015
https://doi.org/10.1016/j.jinf.2011.10.015

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

pneumococcal vaccine, in four countries. Vaccine. 2010;28(Suppl
6):G23-9. doi: 10.1016/j.vaccine.2010.06.016.

Wilson M, Wasserman M, Jadavi T, Postma M, Breton M-C,
Peloquin F, Earnshaw S, McDade C, Sings H, Farkouh R.
Clinical and economic impact of a potential switch from
13-valent to 10-valent pneumococcal conjugate infant vaccination
in Canada. Infect Dis Ther. 2018;7(3):353-371. doi: 10.1007/
540121-018-0206-1.

Chuck AW, Jacobs P, Tyrrell G, Kellner JD. Pharmacoeconomic
evaluation of 10- and 13-valent pneumococcal conjugate vaccines.
Vaccine. 2010;28:5485-5490.

Earnshaw SR, McDade CL, Zanotti G, Farkouh RA, Strutton D.
Cost-effectiveness of 2 + 1 dosing of 13-valent and 10-valent
pneumococcal conjugate vaccines in Canada. BMC Infect Dis.
2012;12(1):101. doi: 10.1186/1471-2334-12-101.

Syeed MS, Ghule P, Le LM, Veettil SK, Horn EK, Perdrizet J,
Wasserman M, Thakkinstian A, Chaiyakunapruk N.
Pneumococcal vaccination in children: a systematic review and
meta-analysis of cost-effectiveness studies. Value Health. 2023;26
(4):598-611. doi: 10.1016/j.jval.2022.10.006.

Proyecciones CONAPO 2020. Data for 2023. [Accessed 2024 Feb].
https://datos.gob.mx/busca/organization/conapo.

Mauskopf J, Standaert B, Connolly MP, Culyer AJ, Garrison LP,
Hutubessy R, Jit M, Pitman R, Revill P, Severens JL. Economic
analysis of vaccination programs: an ISPOR good practices for
outcomes research task force report. Value Health. 2018;21
(10):1133-1149. doi: 10.1016/j.jval.2018.08.005.

Active bacterial core surveillance report, emerging infections pro-
gram network, streptococcus pneumoniae. 2019 [Accessed 2024
Feb]. https://www.cdc.gov/abcs/downloads/SPN_Surveillance_
Report_2019.pdf.

CSG. Guide for conducting economic evaluation studies for
updating of the national compendium of health supplies. 2023.
CSG. Guideline for conducting studies of economic evaluations
(GCEEE). 2023.

Nieto Guevara J, Guzman-Holst A. Laboratory-based surveillance
in Latin America: attributes and limitations in evaluation of pneu-
mococcal vaccine impact. Hum Vaccin Immunother. 2021;17
(11):4667-4672. doi: 10.1080/21645515.2021.1972709.

Statistica. Number of pneumonia cases in Mexico in 2019, by age
group. [Accessed 2024 Feb]. https://www.statista.com/statistics/
1171500/mexico-pneumonia-cases-age/.

Buzzo AR, Roberts C, Mollinedo LG, Quevedo JM, Casas GL,
Soldevilla JMS. Morbidity and mortality of pneumonia in adults
in six Latin American countries. Int J Infect Dis. 2013;17(9):
e673-7. doi: 10.1016/j.ijid.2013.02.006.

Huang L, de Los Angeles Gutierrez M, Huerta J. P3015. cost-
effectiveness of vaccinating adults >65 years with the 13-valent
pneumococcal conjugate vaccine in Mexico. Presented at
ECCMID; 2023. 2023 Apr 15-18; Copenhagen, Denmark.
Savulescu C, Krizova P, Valentiner-Branth P, Ladhani S, Rinta-
Kokko H, Levy C, Mereckiene J, Knol M, Winje BA, Ciruela P,
et al. Effectiveness of 10 and 13-valent pneumococcal conjugate
vaccines against invasive pneumococcal disease in European chil-
dren: SpIDnet observational multicentre study. Vaccine. 2022;40
(29):3963-3974. doi: 10.1016/j.vaccine.2022.05.011.

Hansen J, Black S, Shinefield H, Cherian T, Benson J, Fireman B,
Lewis E, Ray P, Lee J. Effectiveness of heptavalent pneumococcal
conjugate vaccine in children younger than 5 years of age for
prevention of pneumonia: updated analysis using World Health
Organization standardized interpretation of chest radiographs.
Pediatr Infect Dis J. 2006525(9):779-781. doi: 10.1097/01.inf.
0000232706.35674.2f.

Black SB, Shinefield HR, Ling S, Hansen J, Fireman B, Spring D,
Noyes J, Lewis E, Ray P, Lee ], et al. Effectiveness of heptavalent
pneumococcal conjugate vaccine in children younger than five
years of age for prevention of pneumonia. Pediatr Infect Dis J.
2002;21(9):810-815. doi: 10.1097/00006454-200209000-00005.
Black S, Shinefield H, Fireman B, Lewis E, Ray P, Hansen JR,
Elvin L, Ensor KM, Hackell ], Siber G, et al. Efficacy, safety and

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

HUMAN VACCINES & IMMUNOTHERAPEUTICS ‘ 1

immunogenicity of heptavalent pneumococcal conjugate vaccine
in children. Northern california kaiser permanente vaccine study
center group. Pediatr Infect Dis J. 2000;19(3):187-195. doi: 10.
1097/00006454-200003000-00003.

Ladhani SN, Collins S, Djennad A, Sheppard CL, Borrow R,
Fry NK, Andrews NJ, Miller E, Ramsay ME. Rapid increase in non-
vaccine serotypes causing invasive pneumococcal disease in
England and Wales, 2000-17: a prospective national observational
cohort study. Lancet Infect Dis. 2018;18(4):441-451. doi: 10.1016/
$1473-3099(18)30052-5.

Levy C, Biscardi S, Dommergues MA, Dubos F, Hees L, Levieux K,
Aurel M, Minodier P, Zenkhri F, Cohen R, et al. Impact of PCV13
on community-acquired pneumonia by C-reactive protein and
procalcitonin levels in children. Vaccine. 2017;35(37):5058-5064.
doi: 10.1016/j.vaccine.2017.06.057.

Janoir C, Lepoutre A, Gutmann L, Varon E. Insight into resistance
phenotypes of emergent non 13-valent pneumococcal conjugate
vaccine type pneumococci isolated from invasive disease after
13-valent pneumococcal conjugate vaccine implementation in
France. Open Forum Infect Dis. 2016;3(1):0fw020. doi: 10.1093/
ofid/ofw020.

Garcia-Herndndez H, Zéarate-Ramirez ], Kammar-Garcia A,
Garcia-Pefia C. Estimation of vaccination coverage and associated
factors in older Mexican adults. Epidemiol Infect. 2023;151:e134.
doi: 10.1017/50950268823001218.

Perdrizet J, Horn EK, Hayford K, Grant L, Barry R, Huang L,
McDade C, Wilson M. Historical population-level impact of infant
13-valent pneumococcal conjugate vaccine (PCV13) national
immunization programs on invasive pneumococcal disease in
Australia, Canada, England and Wales, Israel, and the United
States. Infect Dis Ther. 2023;12(5):1351-1364. doi: 10.1007/
540121-023-00798-x.

Melegaro A, Edmunds WJ. Cost-effectiveness analysis of pneumo-
coccal conjugate vaccination in England and Wales. Vaccine.
2004;22(31-32):4203-4214. doi: 10.1016/j.vaccine.2004.05.003.
Rozenbaum MH, van Hoek AJ, Fleming D, Trotter CL, Miller E,
Edmunds WJ. Vaccination of risk groups in England using the 13
valent pneumococcal conjugate vaccine: economic analysis. BMJ:
Br Med J. 2012;345(oct26 1):¢6879. doi: 10.1136/bm;j.e6879.
Prasad N, Stoecker C, Xing W, Cho B-H, Leidner AJ,
Kobayashi M. Public health impact and cost-effectiveness of
15-valent pneumococcal conjugate vaccine use among the pedia-
tric population of the United States. Vaccine. 2023;41
(18):2914-2921. doi: 10.1016/j.vaccine.2023.03.045.

Mangen M-], Huijts SM, Bonten MJM, de Wit GA. The impact of
community-acquired pneumonia on the health-related quality-of-
life in elderly. BMC Infect Dis. 2017;17(1):208. doi: 10.1186/
s12879-017-2302-3.

Mangen MJ, Rozenbaum MH, Huijts SM, van Werkhoven CH,
Postma DF, Atwood M, van Deursen AMM, van der Ende A,
Grobbee DE, Sanders EAM, et al. Cost-effectiveness of adult pneu-
mococcal conjugate vaccination in the Netherlands. Eur Respir J.
2015;46(5):1407-1416. doi: 10.1183/13993003.00325-2015.
Mangen M-J, Bonten MJM, de Wit GA. Rationale and design of
the costs, health status and outcomes in community-acquired
pneumonia (CHO-CAP) study in elderly persons hospitalized
with CAP. BMC Infect Dis. 2013;13(1):597. doi: 10.1186/1471-
2334-13-597.

Pan American Health Organization. Surveillance network system
of agents responsible for bacterial pneumonia and meningitis
(SIREVA). [Accessed 2025 Feb]. https://www.paho.org/en/sireva.
World Health Organization. Life tables by country: Mexico.
[Accessed 2024 Feb]. https://apps.who.int/gho/data/view.main.
61060%lang=en.

Thompson A, Gurtman A, Patterson S, Juergens C, Laudat F,
Emini EA, Gruber WC, Scott DA. Safety of 13-valent pneumococ-
cal conjugate vaccine in infants and children: meta-analysis of 13
clinical trials in 9 countries. Vaccine. 2013;31(45):5289-5295. doi:
10.1016/j.vaccine.2013.08.025.


https://doi.org/10.1016/j.vaccine.2010.06.016
https://doi.org/10.1007/s40121-018-0206-1
https://doi.org/10.1007/s40121-018-0206-1
https://doi.org/10.1186/1471-2334-12-101
https://doi.org/10.1016/j.jval.2022.10.006
https://datos.gob.mx/busca/organization/conapo
https://doi.org/10.1016/j.jval.2018.08.005
https://www.cdc.gov/abcs/downloads/SPN_Surveillance_Report_2019.pdf
https://www.cdc.gov/abcs/downloads/SPN_Surveillance_Report_2019.pdf
https://doi.org/10.1080/21645515.2021.1972709
https://www.statista.com/statistics/1171500/mexico-pneumonia-cases-age/
https://www.statista.com/statistics/1171500/mexico-pneumonia-cases-age/
https://doi.org/10.1016/j.ijid.2013.02.006
https://doi.org/10.1016/j.vaccine.2022.05.011
https://doi.org/10.1097/01.inf.0000232706.35674.2f
https://doi.org/10.1097/01.inf.0000232706.35674.2f
https://doi.org/10.1097/00006454-200209000-00005
https://doi.org/10.1097/00006454-200003000-00003
https://doi.org/10.1097/00006454-200003000-00003
https://doi.org/10.1016/S1473-3099(18)30052-5
https://doi.org/10.1016/S1473-3099(18)30052-5
https://doi.org/10.1016/j.vaccine.2017.06.057
https://doi.org/10.1093/ofid/ofw020
https://doi.org/10.1093/ofid/ofw020
https://doi.org/10.1017/S0950268823001218
https://doi.org/10.1007/s40121-023-00798-x
https://doi.org/10.1007/s40121-023-00798-x
https://doi.org/10.1016/j.vaccine.2004.05.003
https://doi.org/10.1136/bmj.e6879
https://doi.org/10.1016/j.vaccine.2023.03.045
https://doi.org/10.1186/s12879-017-2302-3
https://doi.org/10.1186/s12879-017-2302-3
https://doi.org/10.1183/13993003.00325-2015
https://doi.org/10.1186/1471-2334-13-597
https://doi.org/10.1186/1471-2334-13-597
https://www.paho.org/en/sireva
https://apps.who.int/gho/data/view.main.61060?lang=en
https://apps.who.int/gho/data/view.main.61060?lang=en
https://doi.org/10.1016/j.vaccine.2013.08.025
https://doi.org/10.1016/j.vaccine.2013.08.025

12 (&) J.L HUERTAETAL.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Kobayashi M, Farrar JL, Gierke R, Leidner AJ, Campos-Outcalt D,
Morgan RL, Long SS, Poehling KA, Cohen AL, Poehling KA, et al.
Use of 15-valent pneumococcal conjugate vaccine among U.S.
Children: updated recommendations of the advisory committee
on immunization practices — United States, 2022. MMWR Morb
Mortal Wkly Rep. 2022;71(37):1174-1181. doi: 10.15585/mmwr.
mm7137a3.

Data from Pfizer’s adult and pediatric clinical trial programs for 20-
valent pneumococcal conjugate vaccine presented at IDWeek. 2020
[Accessed 2024 Feb]. https://www.pfizer.com/news/press-release
/press-release-detail/data-pfizers-adult-and-pediatric-clinical-trial-
programs-20.

Senders S, Klein NP, Lamberth E, Thompson A, Drozd J,
Trammel ], Peng Y, Giardina PC, Jansen KU, Gruber WC, et al.
Safety and immunogenicity of a 20-valent pneumococcal conju-
gate vaccine in healthy infants in the United States. Pediatr Infect
Dis J. 2021;40(10):944-951. doi: 10.1097/INF.0000000000003277.
Gobierno de México. Historico de Coberturas de vacunacién
2019-2023. [Accessed 2024 June]. https://www.gob.mx/salud/cen
sia/es/articulos/historico-de-coberturas-de-vacunacion-2019-
2023%idiom=es.

Black S, Shinefield H, Fireman B, Lewis E, Ray P, Hansen JR,
Elvin L, Ensor KM, Hackell ], Siber G, et al. Efficacy, safety and
immunogenicity of heptavalent pneumococcal conjugate vaccine
in children. Pediatr Infect Dis J. 2000;19(3):187-195. doi: 10.1097/
00006454-200003000-00003.

Ta A, Kithne F, Laurenz M, von Eiff C, Warren S, Perdrizet J. Cost-
effectiveness of PCV20 to prevent pneumococcal disease in the
pediatric population: a German societal perspective analysis. Infect
Dis Ther. 2024;13(6): 1333-1358. doi: 10.1007/s40121-024-00977-4.
Lytle D, Grajales Beltran AG, Perdrizet J, Ait Yahia N, Cane A,
Yarnoff B, Chapman R. Cost-effectiveness analysis of PCV20 to
prevent pneumococcal disease in the Canadian pediatric
population. Hum Vaccin Immunother. 2023;19(2):2257426. doi:
10.1080/21645515.2023.2257426.

Rey-Ares L, Ta A, Freigofaite D, Warren S, Mac Mullen M,
Carballo C, Huang L. Cost-effectiveness analysis of the pediatric
20-valent pneumococcal conjugate vaccine compared with
lower-valent alternatives in Argentina. Vaccine. 2024;42
(23):126043. doi: 10.1016/j.vaccine.2024.06.011.

El Instituto Nacional de Estadistica y Geografia (INEGI). Indice
Nacional de Precios al Consumidor. [Accessed 2024 Feb]. https://

76.

77.

78.

79.

80.

81.

82.

83.

www.inegi.org.mx/app/indicesdeprecios/Calculadoralnflacion.
aspx.

Stoecker C, Hampton LM, Link-Gelles R, Messonnier ML, Zhou F,
Moore MR. Cost-effectiveness of using 2 vs 3 primary doses of
13-valent pneumococcal conjugate vaccine. Pediatrics. 2013;132
(2):€324-32. doi: 10.1542/peds.2012-3350.

Briggs A, Schulpher C. Decision modelling for health economic
evaluation. Oxford, United Kingdom: Oxford University Press;
2006.

Lansbury L, Lim B, McKeever TM, Lawrence H, Lim WS. Non-
invasive pneumococcal pneumonia due to vaccine serotypes:
a systematic review and meta-analysis. EClinicalMedicine.
2022;44:101271. doi: 10.1016/j.eclinm.2022.101271.

Wilson M, Lucas A, Mendes D, Vyse A, Mikudina B, Czudek C,
Ellsbury GF, Perdrizet J. Estimating the cost-effectiveness of
switching to higher-valency pediatric pneumococcal conjugate
vaccines in the United Kingdom. Vaccines. 2023;11(7):1168. doi:
10.3390/vaccines11071168.

Warren S, Barmpouni M, Kossyvaki V, Gourzoulidis G,
Perdrizet J. Estimating the clinical and economic impact of switch-
ing from the 13-valent pneumococcal conjugate vaccine (PCV13)
to higher-valent options in Greek infants. Vaccines (Basel).
2023;11(8):11. doi: 10.3390/vaccines11081369.

Wilson M, McDade C, Beby-Heijtel AT, Waterval-Overbeek A,
Sundaram V, Perdrizet ]. Assessing public health impact of four
pediatric pneumococcal conjugate vaccination strategies in the
Netherlands. Infect Dis Ther. 2023;12(7):1809-1821. doi: 10.
1007/s40121-023-00828-8.

Farkouh RA, Klok RM, Postma M]J, Roberts CS, Strutton DR.
Cost—effectiveness models of pneumococcal conjugate vaccines:
variability and impact of modeling assumptions. Expert Rev
Vaccines. 2012;11(10):1235-1247. doi: 10.1586/erv.12.99.
Kuhlmann A, von der Schulenburg JG. Modeling the
cost-effectiveness of infant vaccination with pneumococcal con-
jugate vaccines in Germany. Eur ] Health Econ. 2017;18
(3):273-292. doi: 10.1007/s10198-016-0770-9.

. Wasserman M, Sings HL, Jones D, Pugh S, Moffatt M, Farkouh R.

Review of vaccine effectiveness assumptions used in economic
evaluations of infant pneumococcal conjugate vaccine. Expert
Rev Vaccines. 2018;17(1):71-78. doi: 10.1080/14760584.2018.
1409116.


https://doi.org/10.15585/mmwr.mm7137a3
https://doi.org/10.15585/mmwr.mm7137a3
https://www.pfizer.com/news/press-release/press-release-detail/data-pfizers-adult-and-pediatric-clinical-trial-programs-20
https://www.pfizer.com/news/press-release/press-release-detail/data-pfizers-adult-and-pediatric-clinical-trial-programs-20
https://www.pfizer.com/news/press-release/press-release-detail/data-pfizers-adult-and-pediatric-clinical-trial-programs-20
https://doi.org/10.1097/INF.0000000000003277
https://www.gob.mx/salud/censia/es/articulos/historico-de-coberturas-de-vacunacion-2019-2023?idiom=es
https://www.gob.mx/salud/censia/es/articulos/historico-de-coberturas-de-vacunacion-2019-2023?idiom=es
https://www.gob.mx/salud/censia/es/articulos/historico-de-coberturas-de-vacunacion-2019-2023?idiom=es
https://doi.org/10.1097/00006454-200003000-00003
https://doi.org/10.1097/00006454-200003000-00003
https://doi.org/10.1007/s40121-024-00977-4
https://doi.org/10.1080/21645515.2023.2257426
https://doi.org/10.1080/21645515.2023.2257426
https://doi.org/10.1016/j.vaccine.2024.06.011
https://www.inegi.org.mx/app/indicesdeprecios/CalculadoraInflacion.aspx
https://www.inegi.org.mx/app/indicesdeprecios/CalculadoraInflacion.aspx
https://www.inegi.org.mx/app/indicesdeprecios/CalculadoraInflacion.aspx
https://doi.org/10.1542/peds.2012-3350
https://doi.org/10.1016/j.eclinm.2022.101271
https://doi.org/10.3390/vaccines11071168
https://doi.org/10.3390/vaccines11071168
https://doi.org/10.3390/vaccines11081369
https://doi.org/10.1007/s40121-023-00828-8
https://doi.org/10.1007/s40121-023-00828-8
https://doi.org/10.1586/erv.12.99
https://doi.org/10.1007/s10198-016-0770-9
https://doi.org/10.1080/14760584.2018.1409116
https://doi.org/10.1080/14760584.2018.1409116

	Abstract
	Introduction
	Materials and methods
	Model
	Model population
	Time horizon, perspectives, and discounting
	Epidemiology and vaccine effectiveness
	Costs and utilities
	Sensitivity and scenario analyses


	Results
	Base case
	Sensitivity analyses
	Scenario analyses

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	Author contributions
	Data availability statement
	Ethical approval
	References

