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ABSTRACT
Pneumococcal disease is a potentially fatal bacterial infection that is vaccine-preventable. Malaysia has yet to
adopt a pneumococcal conjugate vaccine (PCV) into its national immunization program (NIP). In 2016,
pneumonia was the 3rd leading cause of death in children under five inMalaysia, accounting for 3.8% of under-
five deaths. Introducing a pneumococcal conjugate vaccine (PCV) is an effective strategy to reduce the disease
burden. This study used a decision-analytic model to assess the potential impacts of introducing the available
PCVs (13-valent and 10-valent) in Malaysia. Epidemiological and costs inputs were sourced from published
literature. For each vaccination program, health outcomes and associated healthcare costs were estimated. The
scenarios of initiating PCV13 vs. PCV10 and the status quo (no pneumococcal vaccine) were compared.
Serotype trends of Finland and the U.K. were used to model the clinical impacts of PCV10 and PCV13
respectively. The base-case analysis used a societal perspective over a 5-year time horizon. Compared with
PCV10, PCV13 was projected to avert an additional 190,628 cases of pneumococcal disease and 1126 cases of
death. The acquisition of PCV13was estimated to cost an incremental US$89,904,777, offset by a cost reduction
of -US$250,219,914 on pneumococcal disease-relatedmedical care and lost productivity. PCV13 demonstrated
a higher cost-saving potential over PCV10. Comparedwith no vaccination, PCV13was estimated as cost-saving.
Results were robust across a series of sensitivity analyses. The introduction of PCV13 in a NIP was estimated to
reduce a significant burden of disease and to be a cost-saving for the Malaysian health system.
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Introduction

Streptococcus pneumoniae, a bacterium that colonizes the naso-
pharynx, causes serious invasive diseases, such as meningitis and
bacteremia, and noninvasive mucosal infections, such as acute
otitis media (AOM, middle ear infection) and pneumonia (lung
infection).1 Both invasive and noninvasive pneumococcal disease
presents a significant health and economic burden worldwide. In
Malaysia, pneumoniawas the 3rd leading cause of death in children
under five, accounting for 3.8% of under-five deaths in 2016.2

Introducing a pneumococcal conjugate vaccine (PCV) is an effec-
tive strategy to reduce the disease burden. In 2007, the World
HealthOrganization recommended the inclusion of PCVs into the
national immunization program of countries with a high disease
burden. Following the increased uptake of PCVs globally,
a substantial decline in pneumococcal-relatedmorbidity andmor-
tality has been observed between 2000–2015.3-6 Yet, countries with
a high disease burden remain without a national PCV program, in
part due to financial constraints and funding gaps.Middle-income
countries predominately finance vaccines from national budgets
and are ineligible for funding from programmes by the Global
Alliance on Vaccination and Immunization (GAVI).7,8

Malaysia is an upper-middle income country that has not
adopted PCVs into the national immunization program. To
inform decisions on introducing a PCV program, several local

studies have previously reported the cost-effectiveness of the
two licensed PCVs – PCV10 (Synflorix®) and PCV13 (Prevnar
13®) in addition to assessing the introduction of a PCV pro-
gram versus no program. The findings consistently showed
a cost-effectiveness ratio favoring the adoption of a national
PCV program.9-12 However, findings from the comparative
analyses between PCV10 and PCV13 remain equivocal. The
lack of agreement stems from a divergence in model assump-
tions as well as the modeling approach.13 For instance, the
efficacy of PCV10 against acute OM caused by non-typeable
Haemophilus influenzae (NTHi) were considered in Aljunid
et al. and Wang et al.11 but not Wu et al.10 Indirect effect
(herd protection) and cross-protection were inconsistently
modeled.9-11 In addition, the conventional use of a Markov
model among the existing evaluations might have overly sim-
plified the complexity of the pneumococcal transmission
dynamics.13 Hence, the true impact of a PCV vaccination
program may be mis-estimated by this approach.

This study intended to estimate the population health benefits
and economic impact associated with the introduction of PCV10
and PCV13 in Malaysia, and to calculate the incremental cost-
effectiveness ratio of the PCV10 vs. PCV13. To build upon the
literature and address existing gaps, we applied an alternative
approach to modeling the potential population impact of PCVs
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on pneumococcal disease. This approach used surveillance data
from countries which have implemented PCVs to derive the post-
implementation trends for an assessment of the real-world impact
of vaccination. The observed vaccine impact trends were then
applied to the Malaysian setting for a cost-effectiveness analysis.
With this approach, unverifiable assumptions, such as indirect
effects and serotype replacement, underlying conventional cost-
effectiveness models were avoided based on the use of real-world
data.

The objective of this analysis was to assess the public health
and economic impact of introducing a PCV program com-
pared with the status quo (i.e. no vaccination), as well as
comparing the PCV10 (Synflorix®) vs. PCV13 (Prevnar 13®).

Methods

Model design

An existing pneumococcal disease forecasting model was
adapted.14 The model was built using real-world pre- and
post-PCV surveillance data from PCV10 (e.g. Finland and
the Netherlands) and PCV13 (e.g. the United Kingdom
(UK)) experienced countries with robust surveillance systems.
The model forecasts the changes in pneumococcal disease
incidence under each PCV selection (i.e. PCV13 vs. PCV10)
as well as the scenario of no vaccine, based on the current
disease incidence in Malaysia. The simulated changes were
then applied to compute the population health and economic
impact of each vaccination strategy.

All serotypes contained within PCV13 and PCV10, and the
non-PCV13 serotypes were modeled separately for each of the
seven age groups (0–2, 3–4, 5–17, 18–34, 35–49, 50–64, and
65+ years). The serotype-specific disease incidence trends
following PCV use were primarily derived using surveillance
data from Finland (PCV10) and the UK (PCV13) each.
Trends from these countries were selected due to their robust
surveillance systems and used to match the 2 + 1 vaccination
schedule, which may be the schedule adopted by the Malaysia
Health Ministry. An alternative 3 + 0 PCV schedule may be
beneficial for Malaysia but could not be modeled in this
current analysis. Nonetheless, both schedules utilize 3 doses
in informing the vaccine acquisition costs. In the absence of
local data, we made equivalent assumptions around vaccine
implementation for each vaccine with uptake at 90%.

Given the country and serotype-specific forecasts, the
number of cases of IPD, pneumococcal pneumonia, and
pneumococcal AOM were predicted for a period of 5 years
in Malaysia. Rates of pneumococcal pneumonia and AOM
were calculated based on all-cause disease incidence. The rates
of mucosal disease were assumed to change proportionally
according to the same serotypes causing IPD. This assump-
tion was similarly used elsewhere.15,16 The model inherently
captures indirect effects (i.e. effects in those over 5 years of
age who are unvaccinated) on invasive disease since observed
serotype trends include invasive disease behavior in both
vaccinated and unvaccinated groups.

Using the model, we calculated the costs and outcomes for
each PCV selection. The outcomes included the following: (1)
the number of disease cases and deaths avoided, and (2) the

number of quality adjusted life years (QALYs) gained or lost.
Costing was performed using the societal perspective.

Epidemiological setting and inputs (Table 1)

The most recently available data on incidence of IPD and
pneumococcal pneumonia for children <5 were obtained pri-
marily from Wahl et al.3 IPD incidence rates for bacteremia
and meningitis were adjusted to the remaining age groups
based on age structures from Rhodes et al.17 and Thai
National Disease Surveillance Report18 respectively. Serotype-
specific IPD incidence rates for children <5 were subsequently
generated using the serotype distributions based on
Arushothy et al.19 and regional estimates from a systematic
review of evidence across South East Asia for those aged >5.20

At the year of potential switch, the incidence of IPD in
0–2 year olds was 45 per 100,000, of which serotype 19A
(14%), serotype 14 (27%), and serotypes 6A/6B (30%) caused
the majority of residual disease (Figure 1). For individual’s
≥65 years of age, non-covered serotypes comprised the largest
proportion of remaining disease (21%) (Figure 2). All-cause
AOM was obtained from the global burden of disease data21

and 36%22 was assumed to be due to pneumococcal.

Cost inputs (Table 1)

Cost inputs were sourced from similar references used in Wu
et al.10 Direct medical costs associated with IPD, pneumonia
and AOM were sourced from a published cost- effectiveness
study of PCV712 and an economic burden study23 in
Malaysia. Indirect costs among children under five were
extrapolated using data from a study on children receiving
pneumococcal vaccination in a middle-income country.24

Indirect costs associated with children over five were deter-
mined by multiplying the average length of hospital stay
(unpublished local study) by the median average daily salary
in Malaysia.10 In the absence of public sector pricing between
the two PCVs, we used July 2019 private sector pricing for
each vaccine and calculated a price disparity of 40% between
PCV13 and PCV10 . Since public pricing for an NIP often
differs from the private sector due to volume agreements, our
base case provides a conservative estimate of budget impact
for a PCV program. In comparing PCV programs, a 40%
price disparity is also conservative since other public estimates
such as PAHO (a public price of USD$12.85 and $14.5 for
PCV10 and PCV13, respectively) estimate a 10% price dis-
parity between vaccines. Additional costs (e.g. wastage, sto-
rage, delivery) were not accounted for in the current analysis.
All costs were reported in 2018 United States Dollar (USD).

Utilities

Baseline utilities for Malaysia were sourced from published
literature.25 Utility decrements were applied for each occur-
rence of disease relative to an age-specific baseline utility
weight for individuals who did not experience a case of the
disease. Annual decrement of 0.0070 and 0.0232 were
assumed for bacteremia and meningitis,26 respectively.
Decrements of 0.005, 0.006, and 0.004 were assumed for
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OM, inpatient pneumonia, and outpatient pneumonia.27

Sequelae such as neurologic impairment and hearing loss
following a case meningitis were assumed to occur with
a probability of 7% and 13%,28,29 respectively, and carried
a lifetime QALY decrement of 0.40 and 0.20.30,31

Analysis

In the base case analysis, cases of disease, deaths, and associated
costs and QALYs were estimated over a 5-year time horizon.
A scenario of PCV13 use was compared with PCV10. An incre-
mental cost-effectiveness ratio (ICER) was then calculated. Costs
and outcomes were discounted at a rate of 3.0% per annum.32

Sensitivity analyses

We conducted the following sensitivity analyses: (1) vary the
study time horizon (i.e. five year vs. ten years), (2) vary the
assumed indirect effects due to pneumonia for both vaccines,
(3) alternate to the payer perspective, and (4) further consider
the potential impact of NTHi and Moraxella catarrhalis
(M. catarrhalis) on AOM. Additionally, we explored the
impact of PCV13 alone as well as both vaccines have on the
NTHi and M. catarrhalis AOM (single- species and co- colo-
nized episodes). This additional exploration was motivated by
the possibility that PCV13 may have broader benefits in
averting early onset non-pneumococcal AOM hence avoiding
the downstream complex cases. This consideration was

suggested by an earlier investigation.33 This analysis was
accomplished by applying an annual rate of change in disease
for PCV13 against the residual AOM caused by each patho-
gen. The rates applied were 0.755 for NTHi and 0.759
for M. catarrhalis. Due to limited evidence on the impact of
PCV10 against non-pneumococcal OM, an annual rate of
change in disease for PCV10 of 0.785 for NTHi34 and 0.0
for M. catarrhalis was applied.35 NTHi and M. catarrhalis
were estimated to cause 31.7% and 1.6% of AOM disease.35

Additional scenarios were evaluated using serotype trends
from the Netherlands, which implemented PCV10 in a 2 + 1
schedule in 2011. Given the natural variation in vaccine
implementation and uptake, these scenarios present potential
serotype trajectories under different vaccine pressures. Lastly,
we also assessed the robustness of our results by applying the
incidence rates of IPD, pneumonia and AOM used in Wu
et al.10 (Supplementary Tables 1 and 2). We also performed
a probabilistic sensitivity analysis (second-order Monte Carlo
simulations) over 5,000 random draws to test model cer-
tainty. The proportion of IPD that is meningitis, vaccination
rate, the percentage of all-cause OM that is pneumococcal,
the percentage of all-cause pneumonia that is pneumococcal,
utilities, and disease-specific case fatality rates were drawn
from beta distributions. Limits on forecasted incidence, pre-
vaccine incidence, direct costs, vaccine acquisition costs,
vaccine administration costs, sequelae costs, lost productiv-
ity, and all-cause mortality rates were drawn from gamma
distributions.

Table 1. Epidemiological and cost inputs used in the cost-effectiveness of infant pneumococcal vaccination program.

Age range (years)

Input 0<2 2-4 5-17 18-34 35-49 50-64 ≥65 Source

Population 1,072,087 1,540,160 6,737,721 10,201,683 5,838,851 3,901,771 1,894,991 The World Bank
Disease Rates

(per 100,000 person-years)
Invasive pneumococcal disease (IPD) 45 45 7.2 7.56 7.97 16.9 48.2 Wahl et al.3

Pneumococcal bacteremia
Incidence (per 100,000 person-years) 29.25 39.6 6.48 6.88 7.25 15.72 47.2 Wahl et al.3

Case fatality rate (CFR) 23.0% 23.0% 23. 0% 13.1% 13.1% 13.1% 13.1% Wu et al.10

Pneumococcal meningitis
Incidence (per 100,000 person-years) 15.75 5.4 0.72 0.68 0.71 1.18 0.96 Wahl et al.3

Case fatality rate (CFR) 33.0% 33.0% 10.0% 10.0% 11.0% 11.4% 23.8% Wu et al.10

Hearing loss, probability of (%) 13% Wu et al.10

Neurological sequelae, probability of (%) 7% Wu et al.10

Inpatient pneumococcal pneumonia
Incidence (per 100,000 person-years) 45.5 45.5 35.2 13.3 24.1 55.7 215.7 Wahl et al.3

Case fatality rate (CFR) 4.0% 4.0% 0.3% 0.7% 1.7% 2.5% 6.3% Wu et al.10

Outpatient pneumococcal pneumonia
Incidence (per 100,000 person-years) 709 709 54.9 20.8 37.6 86.7 336.1 Wahl et al.3

Simple AOM
Incidence (per 100,000 person-years) 19,786 22,149 5,696 - - - - Wahl et al.3

Direct Medical Costs ($ USD)
Vaccine cost per dose (PCV10/PCV13) Price disparity between PCV13 and PCV10 assumed to be 40%
Pneumococcal bacteremia 9,194 9,194 9,194 7,980 7,980 7,980 7,980 Aljunid et al.9

Pneumococcal meningitis 7,015 7,015 7,015 4,553 4,553 4,553 4,553 Aljunid et al.9

Pneumonia inpatient 3,367 3,367 3,367 3,678 3,678 3,678 3,678 Aljunid et al.9

Pneumonia outpatient 556 556 556 556 556 556 556 Ahmed et al.23

Simple AOM 556 556 - - - - - Ahmed et al.23

Severe AOM 3,319 3,319 - - - - - Aljunid et al.9

Indirect Costs ($ USD))
Pneumococcal bacteremia 596 596 596 648 648 648 648 Wu et al.10

Pneumococcal meningitis 999 999 999 648 648 648 648 Wu et al.10

Pneumonia inpatient 807 807 807 95 95 95 95 Wu et al.10

Pneumonia outpatient 224 224 224 648 648 648 648 Wu et al.10

Simple AOM 595 595 - - - - - Wu et al.10

Severe AOM 595 595 - - - - - Wu et al.10

All costs are expressed in 2018 USD
PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13 valent pneumococcal conjugate vaccine; AOM, Acute Otitis Media
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Results

Epidemiologic results are presented for children < 2 years old
and those over 65 years old as these age groups are most
susceptible to pneumococcal disease and form the largest
proportion of the total burden, while cost implications are
based on population-level impacts.

Epidemiologic model results

Under a PCV13 program, 5 years after the introduction, total
IPD in children 0–2 years was estimated to decline in children by
80% from 45 to 9.8 per 100,000. All PCV13 serotypes were

estimated to decrease between 60-95%, while non-PCV13 ser-
otypes were estimated to increase by 30% based on observed
disease trends under vaccine pressure in the UK (Figure 1).
Specifically, serotype 19A was estimated to decrease by 94%
from 5.3 to 0.3 per 100,000. A similar trend was observed in
adults > 65 years old, where total IPD decreased by 48% due to
indirect effects of the pediatric program (Figure 2).

Under a PCV10 program, 5 years after the introduction,
total IPD among the 0–2 years old was estimated to decrease
by 56% (from 45 to 19.8 per 100,000). PCV10- type disease
was estimated to decrease between 70-100% for covered ser-
otypes with no impact on serotypes 3, 6A, 19A or non-PCV13
type disease, based on observed disease trends in Finland.

Figure 1. Forecasted incidence trend based on historical invasive pneumococcal disease rates in 0–2 year olds.

Figure 2. Forecasted incidence trend based on historical invasive pneumococcal disease rates in >65 year olds.
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A similar trend was observed among the > 65 years old, where
total IPD decreased by 31% with most of the remaining
diseases being caused by the serotype 19A (4.0 per 100,000)
and non-PCV13 serotypes (10 per 100,000).

Base case cost- effectiveness results

After five years, for all ages, compared with PCV10, PCV13 was
estimated to reduce an additional 4,086 cases of IPD, of which
276 were due to serotype 19A alone, 160,833 cases of AOM,
25,708 cases of pneumonia, and 1,126 deaths. (Table 2) An
estimation of 2280 quality-adjusted life years (QALYs) were
gained. PCV13 were estimated to have an incremental acquisi-
tion costs at $89.9million, which were offset by the -$250million
of direct and indirect cost savings. Over a 5 years period, PCV13
was estimated to save an additional $160 million compared to
the use of PCV10. The annual differential costs of PCV13 vs.
PCV10 is illustrated in Figure 3.

Compared with the status quo of no vaccination, intro-
ducing PCV13 was estimated to reduce (over 5 years) an
additional 10,018 cases of IPD, 524,966 cases of AOM,
81,443 cases of pneumonia and 3,046 deaths (Table 3).
This population impact can be translated into an increment
of 6,008 QALYs gained. PCV13 acquisition costs were esti-
mated at $331.9 million, which were offset by the
$780.2 million of direct and indirect cost savings. This
can be translated to a significant net savings of
$448 million in a 5-year PCV13 program for Malaysia.
The annual differential costs of PCV13 vs. no vaccination
is illustrated in Figure 4.

Sensitivity analyses

Sensitivity analyses predicted PCV13 to remain dominant
over PVC10 for all the analyses conducted (Table 4). The
probabilistic sensitivity analysis (Supplementary Figure 1)

showed that a PCV13-based program remained cost-saving
in 100% of the simulations.

Discussion

Our study compared the potential public health and eco-
nomic impact of the available PCV options for Malaysia.
The results show that the implementation of a national
PCV program can potentially avert a significant number
of pneumococcal-related diseases and deaths. Compared
with PCV10, PCV13 was estimated to reduce an addi-
tional 4,086 cases of IPD, 160,833 cases of AOM, 25,708
cases of pneumonia, and 1,126 deaths over a 5-year
implementation in Malaysia. In Malaysia, a PCV program
with the 13-valent vaccine was estimated to have greater
population health and economic value than using the 10-
valent vaccine from both societal and payer perspectives.

The results of our study supported the findings of
earlier economic analyses,10 suggesting higher public
health and economic impacts with the adoption of
PCV13 into the NIP over PCV10 in Malaysia. Contrary
to our results, previous studies by Aljunid et al.9 and
Wang et al.11 suggested more cost-savings with a PCV10
program as compared with PCV13. The differences in the
predicted outcomes are driven by the differing assump-
tions used in the economic evaluations. For instance,
Wang et al.11 assumed cross- protection of PCV10 against
non- vaccine serotypes such as serotypes 6A and 19A.
Although there were some earlier case-control studies
which demonstrated the possibility of cross- protection
against 19A with PCV10, recent surveillance evidence
demonstrates an increasing trend in cases due to 19A in
both vaccinated and unvaccinated individuals in countries
with a PCV10 program.36 Additionally, the authors
acknowledged that the evidence on the cross-protection
effect of PCV10 against serotype 6A was less conclusive.11

Table 2. Incremental cases, deaths, and costs under a PCV13 versus PCV10 vaccination program, over a 5- year time horizon.

Malaysia

PCV13 PCV10 Incremental

Cases
IPD 14,517 18,603 −4,086
AOM 1,199,088 1,359,921 −160,833
Pneumonia 242,432 268,141 −25,708

Total cases avoided −190,628
Mortality Avoided

IPD 2,362 3,086 −724
Pneumonia 3,339 3,741 −402

Total mortality avoided −1126
Outcomes

QALYs Gained 127,758,988 127,756,708 2,280
Costs, USD

Vaccine acquisition 331,881,061 241,976,285 89,904,777
Direct medical care

IPD 110,116,905 140,567,529 −30,450,624
AOM 614,698,389 695,960,109 −81,261,720
Pneumonia 383,623,094 422,316,542 −38,693,448

Indirect (Productivity loss) 762,940,690 862,754,820 −99,814,122
Net cost −160,315,137

Incremental Cost-Effectiveness
Cost per QALY PCV13 Cost Saving

PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13 valent pneumococcal conjugate vaccine; IPD, Invasive Pneumococcal Disease;
AOM, Acute Otitis Media; QALY, Quality- adjusted life year
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Wang et al.11 also assumed the additional benefit of
PCV10 in preventing AOM due to NTHi based on evi-
dence for its 11-valent precursor. However, real-world
evidence over the past few years presented mixed results
on the effectiveness of PCV10 against NTHi AOM. To
date, no study of PCV10 has demonstrated similar effec-
tiveness as seen for 11-valent vaccine in reducing NTHi-
caused AOM.14 In our analysis, we explored the impact of
PCV13 alone as well as both PCV10 and PCV13 on
NTHi-related AOM. PCV13 remained dominant over
PCV10 in both scenarios.

To our knowledge, this study was the first economic evalua-
tion of PCVs in Malaysia using a disease-forecasting model.
Previous studies examining the cost-effectiveness of PCVs in
Malaysia relied largely on the conventional approach of static

disease modeling.9-11 Static models assume constant risk of
infection and their accuracy in modeling an infectious disease
such as pneumococcal infection have been questioned.37 Real
world observational data indicate that the incidence of IPD has
declined among both vaccinated and non-vaccinated popula-
tions due to indirect effects.38 Conversely, the implementation
of PCVs can also lead to undesired, negative population effects
such as serotype replacement.39 This further complicates the
estimation of the full value of a PCV program. A dynamic
model is preferred as it captures the complexity of disease
transmission over time, and the interaction between the vacci-
nated and unvaccinated individuals within a population, though
dynamic transmission models are complicated to implement.
The forecasting model used in our analysis leveraged the sur-
veillance data that captured the impact of a pediatric PCV

Figure 3. Annual incremental costs of PCV13 vs. PCV10 vaccination program.

Table 3. Incremental cases, deaths, and costs under a PCV13 versus no vaccination program, over a 5- year time horizon.

Malaysia

PCV13 No vaccination Incremental

Cases
IPD 14,517 24,535 −10,018
AOM 1,119,088 1,724,054 −524,966
Pneumonia 242,432 323,875 −81,443

Total cases avoided −616,427
Mortality Avoided

IPD 2,362 4,135 −1,773
Pneumonia 3,339 4,613 −1,273

Total mortality avoided −3,046
Outcomes

QALYs Gained 127,758,988 127,752,980 6,008
Costs, USD

Vaccine acquisition 331,881,061 0 331,881,061
Direct medical care

IPD 110,116,905 184,686,008 −74,569,103
AOM 614,698,389 878,270,484 −263,572,095
Pneumonia 383,623,094 505,317,442 −121,694,349

Indirect (Productivity loss) 762,940,698 1,083,368,941 −320,428,243
Net cost −448,382,729

Incremental Cost-Effectiveness
Cost per QALY PCV13 Cost Saving

PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13 valent pneumococcal conjugate vaccine; IPD, Invasive Pneumococcal Disease;
AOM, Acute Otitis Media; QALY, Quality- adjusted life year
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program on disease incidence across all age groups. As a result,
the model inherently captures serotype replacement and indir-
ect effects based on the disease incidence trends reported in the
surveillance data. This approach circumvents the pitfalls of
conventional modeling approaches where concerns on incor-
porating the herd immunity and serotype replacement effects
had been raised.37 The direction and magnitude of the indirect
effects cannot be ascertained without the support of high-
quality surveillance data and a solid understanding of the dis-
ease dynamic.

Our study also included the most recent local serotypes
distribution data from the Institute of Medical Research in
Malaysia, providing a more robust analysis on pneumococcal
disease input. In the setting of high serotype 19A burden in
Malaysia, the use of PCV13 may lead to greater reductions
than PCV10, as this serotype is contained in PCV13 and cross
protection from serotypes in PCV10 may not offer the same
magnitude of benefit as those observed from using PCV13.40

Our study was conducted based on a wider societal perspec-
tive which could illustrate more comprehensively the values of
a public health initiative such as a vaccination program.

Our study was not without limitations. Firstly, in the
absence of public sector pricing between the two PCVs, we
assumed a price disparity of 40% between PCV13 and
PCV10. This price disparity will require further validation

in the future for more accurate estimation. However, we
believe our assumptions provide a conservative perspective
as any volume-based discounts would further improve the
cost-savings of the program. Furthermore, our results on
PCV implementation may over-estimate the benefit as we
did not account for vaccine implementation or wastage costs
for either vaccine. Secondly, our analysis was conducted
using a 2 + 1 schedule. We were not able to explore the
alternative 3 + 0 PCV schedule due to the lack of data. This
analysis may be of value to inform the choice of vaccination
schedule. For countries that have yet to introduce PCV, the
WHO recommends a 3- dose schedule of PCV administra-
tion either as 2 + 1 or as 3 + 0.41 Thirdly, our study was
unable to examine the protective effect of pneumococcal
vaccination arising from the private sector. The private sec-
tor is known to have contributed to about 30% of the
pediatric vaccination in Malaysia. Lastly, in the absence of
Malaysian data to inform the model parameters, we used
data from literature with epidemiologically similar popula-
tion where possible. Post-PCV implementation trends from
Finland and the UK were used in this analysis due to their
robust surveillance systems. While the data sources from
these two countries are reliable, cross-country differences
may exist in healthcare system and vaccine delivery strategy
between these high-income countries and a middle-income

Figure 4. Annual incremental costs of PCV13 vs. no vaccination program.

Table 4. Sensitivity analyses and the incremental costs and quality-adjusted life years (QALY) under a PCV13 versus PCV10 vaccination program.

PCV13 PCV10 Incremental

Analysis Cost, USD QALYs Cost, USD QALYs Cost, USD QALYs

Base case 2,203,260,147 127,758,988 2,363,575,284 127,756,708 −160,315,137 2,280
Payer perspective 1,440,319,449 127,758,988 1,500,820,465 127,756,708 −60,501,015 2,280
Indirect effects of pneumonia included (both vaccines) 2,120,247,777 127,760,356 2,318,525,065 127,757,617 −198,277,289 2,739
Impact on AOM due to NTHi included (both vaccines) 2,291,786,155 127,757,073 2,465,047,494 127,754,513 −173,261,339 2,560
Impact on AOM due to NTHi included (PCV13 only) 2,291,786,155 127,757,073 2,551,504,735 127,752,643 −259,718,580 4,430
Ten-year time horizon 4,031,292,097 232,460,670 4,694,411,404 232,448,593 −663,119,307 12,077
Netherlands PCV10 trend line 2,203,260,147 127,758,988 2,376,000,591 127,756,702 −172,740,444 2,286
Epidemiological Inputs from Wu et al.10* 2,300,891,395 127,762,181 2,381,284,654 127,761,243 −80,393,259 938

*This sensitivity analysis was conducted using epidemiological inputs from Wu et al.10 as shown in Supplementary Tables 1 and 2.
PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13 valent pneumococcal conjugate vaccine; AOM, Acute Otitis Media; NTHi, non- typeable Haemophilus
Influenza
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country such as Malaysia. Hence, cautions should be made
when interpreting the potential public health and economic
impacts of PCVs in this analysis.

If a population- based PCV program was considered in
Malaysia, the choice of vaccination schedule (i.e. between 2p
+1 and 3p+0) should be further examined and Operational
and programmatic factors should considered. These consid-
erations may include the timeliness of vaccination, the cover-
age expected to be achieved at the third dose, and
pneumococcal disease age distribution patterns, if known.
The 2p+1 schedule is likely to offer higher benefits over the
3p+0 schedule, when programmatically feasible. A higher level
of antibody is known to be associated with 2p+1 schedule at
the end of the second year of life. This can be of great
importance in the maintenance of an effective herd
immunity.40,41 Efforts should also be made in conducting
post-PCV introduction surveillance. A sustained and high-
quality population-based surveillance should be in place to
monitor the epidemiological impact of PCV. Ideally, surveil-
lance should be started at least 1–2 years before the introduc-
tion of a PCV program and be continued at least for 5 years
after introduction but preferably indefinitely.41 Such surveil-
lance program will be useful in monitoring the changes of
pneumococcal diseases and serotypes pattern as the trend may
evolve over time following the PCV program. In conclusion,
the introduction of PCV13 into the NIP has a potentially high
public health and economic impact to the Malaysian popula-
tion and society. Compared to PCV10 and to status quo (no
vaccination), PCV13 is likely to have a higher value in terms
of reduction of disease burden as well as net cost saving for
the health system.
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