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ABSTRACT

Objectives: The World Health Organization recommends deploying the RTS,S/ASO1 malaria vaccine in high-burden regions.
Although effective in reducing malaria cases, affordability challenges hinder widespread adoption in low-resource settings.
This study examines the cost and budget impact of introducing the vaccine into Uganda’s expanded immunization program.

Methods: A budget impact analysis based on prospective studies conducted in Uganda and sub-Saharan Africa, with unit
costs per dose obtained from existing literature. The primary outcome was the number of malaria cases averted among
eligible children. The budget impact was calculated by comparing total vaccination costs to savings from reduced malaria
treatment costs, incorporating sensitivity analyses for varying vaccine coverage and malaria incidence levels.

Results: The treatment costs for complicated malaria in children under 5 were estimated at $1.1 million before vaccination,
decreasing to $297 465 afterward. The estimated annual vaccination rollout cost was $29 million, representing 24% of
Uganda’s immunization budget and about 3.5% of total health budget. Over 5 years, the total budget impact was $145.5
million, with a net cost of $141 million. The impact varied with coverage levels, ranging from $106.3 million at lower
coverage to $175.6 million at higher coverage.

Conclusions: Implementing the malaria vaccine would lead to significant increase in Uganda’s immunization budget and the
overall health sector budgets. To ensure sustainability, the government should prioritize funding and adopt cost-effective
strategies, such as targeting high-transmission areas and expanding prevention efforts, to maintain affordability and

achieve long-term success.
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Introduction

Malaria is a major global public health concern accounting for
about 263 million cases and resulting into 597 000 deaths in
2023. In 2023, the World Health Organization (WHO) Africa re-
gion contributed 94% of these cases and 95% of all malaria deaths.
Children under 5 years of age are the most vulnerable, contrib-
uting 76% of deaths in 2023. In Uganda, malaria is the leading
cause of death for all ages,' imposing a significant economic
burden by increasing healthcare costs, reducing productivity, and
hindering economic growth. Uganda’s health expenditure as a
percentage of gross domestic product remains modest, with total
health spending fluctuating between 1.8 trillion shillings in 2016
and 2017 and an estimated 4.4 trillion shillings in 2025 and 2026,
representing roughly 6.2% of the national budget. The limited
investment reflects ongoing underfunding, hindering progress
toward Universal Health Coverage by 2030 and challenging sus-
tainability of malaria control efforts.

Globally, countries are committed to reducing global malaria
incidence and mortality rates by at least 90% by 2030. To achieve

this, countries have deployed a range of strategies, including
vector control strategies and prompt case management. By 2023,
nearly 73% of households in sub-Saharan Africa had at least 1
insecticide-treated net (ITN), showing an increase from about 5%
in 2000 and from 68% in 2015.? In 2023, the proportion of the
population sleeping under an ITN was reported to be 52%, rep-
resenting a significant increase from just 2% in 2000.”> Meanwhile,
the coverage of indoor residual spraying in malaria-endemic
countries declined globally from 5.3% in 2010 to 1.6% in 2023.2
This decline reflects some progress in malaria reduction in
several countries; however, in Uganda, the trend has been asso-
ciated with a resurgence of malaria cases as indoor residual
spraying coverage has been withdrawn. This situation highlights
the need to explore additional preventive tools, such as vaccines,
to complement existing interventions and sustain malaria control
efforts.

In October 2021, the WHO recommended widespread use of
the RST, S/ASO1 malaria vaccine in areas with moderate to high
Plasmodium falciparum transmission.® This guidance was based
on clinical trials demonstrating the vaccine’s proven efficacy and

2212-1099/© 2026 The Authors. Published by Elsevier Inc. on behalf of International Society for Pharmacoeconomics and Outcomes Research, Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by%2Dnc%2Dnd/4.0/
www.sciencedirect.com
http://www.elsevier.com/locate/vhri
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
http://creativecommons.org/licenses/by%2Dnc%2Dnd/4.0/

2 VALUE IN HEALTH REGIONAL ISSUES

W 2026

effectiveness after 3 booster doses,*° necessitating a 4-dose

schedule for children aged 6 to 18 months. To integrate the vac-
cine into existing immunization programs, 2 additional visits, 1 in
the first year of life and another in the second year, have been
added to the routine schedule. Beyond its demonstrated efficacy
and effectiveness,* previous cost-effectiveness analyses support
the vaccine’s value as a public health intervention. For example, a
Markov cohort simulation study involving 41 sub-Saharan Afri-
can countries found that, compared with no vaccination, the RTS,
S/ASO1 vaccine was found to be cost-effective when valued
against the gross-domestic-product-per-capita threshold. It
demonstrated a favorable incremental cost-effectiveness ratio of
$200 and $225 per disability-adjusted life-year (DALY) averted in
children and infants, respectively.®

Another cost-effectiveness study conducted in 43 African
countries found that the RTS, S/ASO1 malaria vaccine was cost-
effective compared with routine malaria control interventions,
with a median cost-effectiveness ratio of $188 (range $78-$22
448) per DALY averted.” Similarly, a study conducted in
Bangladesh demonstrated that the introduction of the RTS,
S/ASO1 vaccine was cost-effective, showing a favorable incre-
mental cost-effectiveness ratio of $2629 per DALY averted in the
health system perspective.® However, evidence indicates that the
vaccine’s cost-effectiveness is higher in populations with low
coverage or no access to ITNs. As a result, some experts recom-
mend that countries prioritize expanding existing malaria in-
terventions, such as increasing ITN coverage before introducing
the vaccine, or target vaccine deployment in areas lacking ITNs.”
Additionally, factors such as local malaria transmission intensity,
prevalence rates, mosquito insecticide resistance, and the ca-
pacity of health systems to deliver the vaccine should be carefully
considered during implementation.'°

The 2023 Lusaka agenda on domestic resource mobilization
emphasizes strengthening national capacities to generate sus-
tainable health financing,'" reducing reliance on external aid, and
fostering innovative financing mechanisms."" This approach
aligns the global shift toward enhancing domestic health
financing and minimizing dependency on external funding and
household out-of-pocket expenditure.

Traditional aid models are now complemented by domestic
investments, private sector engagements, and innovative finan-
cial tools. Simultaneously, US government policies have shifted to
prioritize health system strengthening and disease control,
shaping global funding priorities and program strategies.'” In
Uganda, ongoing health financing dialogs and stakeholder
engagement aim to optimize resource allocation and ensure the
financial sustainability of health programs, including immuni-
zation."” The Uganda National Expanded Program on Immuni-
zation exemplifies this effort, striving to expand vaccine coverage
and integrate new interventions, such as the malaria vaccine. As
Uganda prepares for malaria vaccine introduction on scale, un-
derstanding its cost and budget impact is crucial for shaping
policy, ensuring affordability, and sustaining immunization pro-
grams amid changing global and domestic financing.

Despite strong clinical and economic evidence supporting the
malaria vaccine, a budget impact analysis is essential to assess
Uganda’s financial capacity for the immunization program
expansion. The health sector faces ongoing financial constraints
and increasing uncertainty in global health financing, amid a high
disease burden and emerging priorities like noncommunicable
disease. This study aims to evaluate the costs and financial
implication of introducing the RTS, S/AS01 vaccine over a 5-year
period. The analysis provides insights from the national health
system perspective on the vaccine’s impact on the national im-
munization budget.

Methods

Study Design

A budget impact analysis of the health system was conducted
to compare costs before and after malaria vaccine introduction,
with all analyses performed using Excel. Prevaccine costs
included malaria treatment expenses for both complicated and
uncomplicated malaria cases. Postvaccine costs were derived
from literature, based on the cost per fully vaccinated child.5”"
We estimated the proportion of eligible children who would
receive the vaccine and the associated costs. The analysis also
included the percentage of vaccinated children who might still
contract malaria, along with their healthcare utilization patterns,
including inpatient and outpatient management. Costs were
calculated assuming that all uncomplicated cases would be
managed as outpatients, whereas severe cases would be
admitted as inpatients, in line with the national treatment
protocol.

The analysis incorporated key probabilities: the likelihood of a
child contracting uncomplicated malaria,'* or complicated ma-
laria after vaccination.!” To estimate the distribution of outpa-
tient and inpatient malaria cases, we utilized data from the
Uganda National Malaria Program, which indicate that malaria
accounts for nearly 50% of outpatient visits across all age
groups.'®

A 5-year time horizon was chosen for the budget impact
analysis because it is sufficient to capture the long-term effects of
the malaria vaccine on resource utilization and health outcomes.
We anticipated that, by the end of year 5, the vaccine would
significantly reduce malaria cases and mortality. Accordingly, we
calculated the annual cost of the malaria vaccine program from
June 2024 to July 2029. The eligible vaccination population was
estimated using 2022 data on surviving infants in Uganda from
the WHO immunization portal. All financial analyses were con-
ducted in excel, with local currency values converted to US dol-
lars at the 2023 exchange rate of 1 USD = 3723.87 Ugandan
shillings.!” We also assumed a 3% annual inflation rate for the
estimated malaria treatment costs over the 5-year period.

Malaria Vaccine Costs

To estimate the total vaccination cost per year, we adopted the
WHO guideline for costing new vaccines.'® Total vaccine per year
was estimated as ¢ = p = n in which p is the cost per dose of the
new vaccine, and n is the number of doses supplied by the pro-
gram for the first year estimated as n = ixbxd«[1/(1 —
w)] = [1 + 1], in which i is the immunization coverage rate, b is
birth cohort, d is number of doses per fully immunized child, w is
wastage rate (%), and r is reserve stock (%). We used the same
formula to estimate the number of vaccine doses needed for the
other 4 years of analysis. According to estimates from studies
within the sub-Saharan African region,®'®° the average price per
dose of malaria vaccine dose was estimated at $5 with a range of
$2 to $10. However, considering the national health system
perspective, we used the price per fully vaccinated child (FVC).

A recent cost estimate for vaccine financing in Uganda, based
on unpublished data from the national vaccine program, was
found to be $52.87. To improve comparability and increase the
relevance of our findings, we also analyzed cost estimates from
studies conducted in similar sub-Saharan African contexts, which
yielded an average cost of $42.30 per FVC.5'®?° To ensure the
relevance of our findings across different periods, we adjusted all
historical cost estimates for inflation using an annual rate of 3%.?!
Notably, Uganda’s national immunization program provides vac-
cine coverage data for existing vaccines, but for the purpose of this
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study, we assumed a static vaccine coverage rate of 78%, as esti-
mated in population-based study from a similar setting in Kenya.??

The estimated cost per FVC was derived from a composite
analysis based on data from comparable settings in other sub-
Saharan African countries.%!%?° This estimate encompassed all
major components of the vaccination program, including plan-
ning, cold chain assessment and management, staff training, so-
cial mobilization, vaccine wastage, program supervision,
monitoring, and overall program management.”>°

The WHO recommends an acceptable vaccine wastage rate of
5% when estimating the total cost of vaccine introduction. In our
analysis, we did not calculate the wastage rate separately because
it was incorporated into the estimates for the cost per FVC.?°
Additionally, the reserve stock rate was not explicitly estimated;
instead, we assumed efficient management of these vaccines
from central warehouse stores to health facilities.

Malaria Treatment Costs

For our budget impact analysis, we assessed the direct treat-
ment costs associated with severe and uncomplicated malaria
cases by comparing costs before and after integrating the malaria
vaccine into the national program over a 5-year period. Cost es-
timates for managing these cases were derived from published
literature.” According to the Uganda National Malaria Control
Policy, uncomplicated malaria cases are typically managed as
outpatients through home-based management or integrated
community case management, whereas complicated malaria
cases in small and critically ill children are treated as inpatients
under close medical supervision in public health facilities.”®

To estimate the annual treatment costs over 5 years, we
assumed a 3% annual increase in the proportion of surviving in-
fants eligible for vaccination. We determined the distribution of
severe and uncomplicated cases after vaccination by sourcing
probability estimates and case severity from relevant literature
for our excel calculations. Baseline proportions of severe and
uncomplicated malaria cases without vaccination were based on
data from the Uganda Health Management Information System,
which reported that in 2021, malaria accounted for 16.14% of
hospital admissions and 46% of outpatient visits among children
under 5.°**° The proportion of cases without vaccination was
calculated using incidence rate of 250 per 1000 individuals in the
vaccine-eligible population. We also considered high and low
malaria incidence scenarios in our sensitivity analysis to account
for variability.

Additionally, we estimated the total cost of malaria treatment
to the Ugandan healthcare system under scenarios both with and
without the vaccination program. The provider cost per case of
severe and uncomplicated malaria were derived from previously
published cost estimates.”® We assumed that 82% of all malaria
care-seeking occurs in public facilities.?” To project treatment cost
savings over 5 years, we multiplied the number of cases averted by
the malaria vaccine program by the healthcare cost per malaria
case.” The costs associated with malaria prevention were not
included in the budget impact analysis because we assumed the
Ugandan government would continue investing in malaria pre-
vention strategies, such as long-lasting insecticide nets, indoor
spraying, and awareness campaigns because these measures target
populations beyond those eligible for vaccination. The study
adhered to the principles of good practice for conducting budget
impact analysis as outlined by the ISPOR Task Force.?®

Sensitivity Analysis

To evaluate the robustness of our model findings, we per-
formed deterministic sensitivity analysis examining both low

and high scenarios for malaria incidence and vaccine coverage.
Malaria transmission rates were categorized based on WHO-
recommended transmission levels, with the low scenario set
at 100 cases per 1000 population and the high scenario at 450
cases per 1000 population. Additionally, we varied vaccine
coverage by +20%, resulting in a high-coverage scenario of 98%
and a low-coverage scenario of 58% among eligible children
over the 5-year period. This approach allowed us to assess the
impact of variability in transmission and coverage on the
model’s outcome.

Results

The budget impact analysis revealed the potential financial
implication of including the malaria vaccine in Uganda immu-
nization program over a 5-year period, targeting an estimated
vaccine-eligible population of 8.85 million children. The intro-
duction of the vaccine was linked to a decline in malaria cases,
dropping from an estimated 341 995 cases without vaccination to
141 381 cases with vaccination. This represents nearly 200 614
cases averted over the 5-year time horizon.

Budget Impact Analysis

Table 1 presents the data used to estimate the vaccination
costs in the base-case calculation. The number of malaria cases,
including complicated and uncomplicated cases with or without
the vaccine are presented in Figure 1. The total treatment costs
based on the estimated number of complicated and uncompli-
cated malaria cases and their provider treatment costs, was
calculated. For the 8.85 million vaccine-eligible children at risk of
acquiring malaria over 5 years in Uganda, the expected budget
due to malaria treatment costs (without vaccines) was $6 009
962 (Table 2).

After vaccine introduction, malaria cases declined, with an
estimated 200 614 cases averted (Fig. 1). Over 5 years, total
provider costs for treating severe and uncomplicated malaria in
children under 5 decreased from $6 009 962 to $1 579 283. The
resulting financial savings are estimated to be $3 243 073 for
severe cases and $1 187 606 for uncomplicated cases. The pro-
jected total budget with vaccine implementation is $145 521 605,
indicating a potential net budget impact of $141 090 926 over the
5-year period.

Sensitivity Analysis

The budget impact analysis was considered under additional
scenarios of low and high malaria incidence, and under low and
high vaccine coverage as presented in Figure 2 and Appendix
Table 1 in Supplemental Materials. In both scenarios, the inclu-
sion of malaria vaccine into the national expanded program for
immunization in Uganda would lead to increased financial
burden to government over the 5-year time horizon. However,
this should be balanced against the benefits of reduced malaria
burden and lower treatment costs to government and house-
holds. The total net budget impact for the low- and high-vaccine-
coverage scenario would be $106 253 046 and $175 552 904,
respectively (Fig. 2).

Discussion

The study provides a budget impact analysis of introducing
malaria vaccination into Uganda’s national immunization pro-
gram. Using existing costs and epidemiological data, we esti-
mated a significant reduction in malaria cases and treatment
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Table 1. Vaccine resource inputs for estimation of the total

vaccination cost.

LETET T Base case Adjusted Sources

Estimated malaria 78.0
vaccine coverage

(%)

Population of
surviving infants

1 668 269.0

Estimated malaria 47.0
episode after full

vaccination (%)

Malaria cases 250.0
without vaccine,
base case (per 1000

population)

Proportion of 4.0
complicated
malaria cases with

vaccination (%)

Proportion of 10.0
complicated
malaria cases

without (%)

Cost per RTS,S dose $5.0

Vaccine cost per $40.2

FvC

Uncomplicated $1.2
malaria treatment

costs

Complicated $19.6
malaria treatment

costs

$42.3

$1.3

$21.4

Moturi et al'>??

Gavi Zero-Dose
Learning Hub'®

Samuels et al'>"”

World Health
Organization
(WHO)'®

Samuels et al ">’

World Health
Organization
(WHO)'®

Galactionova et al’,
Sauboin et al,®
Penny et al'®,
Topazian et al°,
Sicuri et al'?, Baral
et al*°

Baral et al,?°
Sauboin et al®°,
Topazian et al’,
Sicuri et al'®, Baral
et al*°

Batura et al*®

Batura et al*®

costs over 5 years. The projection of short-to-medium-term costs
and savings to the immunization budget, offers valuable insights
for policymakers on the financial feasibility and impact of inte-
grating the RTS, S/ASO1 malaria vaccine into Uganda’s health
financing strategy.

Our results showed that the estimated annual vaccination cost
was $29.1 million, totaling to $145 million over 5 years. The
introduction of the vaccine is projected to generate potential
healthcare cost savings of $4.4 million over this period, primarily
driven by a reduction in both severe and uncomplicated malaria
cases treated in public health facilities.

In the 2020 to 2021 fiscal year, Uganda’s Ministry of Health
estimated that vaccinating against 14 diseases cost $120 million
annually. Introducing the new malaria vaccine is projected to add
about $29 million per year, representing a 24% increase, bringing
the total immunization budget to $149 million. This would ac-
count for nearly 18% of the country’s overall health sector budget
of $820 million. Specifically, the malaria vaccine alone would
represent about 3.5% of the national health budget. Despite the
significant costs, malaria causes 6.5% of all-age mortality in
Uganda,! underscoring the need for substantial resource alloca-
tion to combat it. Moreover, the long-term health and economic
benefits of the vaccine, such as reduced morbidity, mortality, and
reduced economic burden to households attributed to malaria
treatment are likely to outweigh the additional investment.5?°

The introduction of the malaria vaccine has the potential to
significantly reduce malaria cases, thereby freeing up valuable
health sector resources and decreasing household costs.

Our study estimated an 83.5% reduction in malaria admissions
and a 56% decrease in outpatient cases. In 2021, malaria was the
leading cause of hospital admissions and outpatient visits among
children under 5 in Uganda, accounting for over 305 899 hospital
admissions and 3.1 million outpatient cases, although these fig-
ures may be underestimated because of poor record keeping in
the private sector. A decline in malaria cases could enable
healthcare workers to focus on other services and optimize
resource use. Given the high costs associated with treating severe
malaria,>* the vaccine could significantly reduce household out-
of-pocket expenses and alleviate productivity losses attributed
to caregiving. Malaria accounts for a substantial 17.3% of house-
hold health expenses in Uganda, which has one of the highest
out-of-pocket health spending rates in sub-Saharan Africa,
exceeding 40% of total health expenditure. In support to our
finding and argument, a related study from Malawi showed that
the RTS, S/ASO1 vaccine prevented 94 000 clinical cases and
nearly 400 deaths, highlighting its potential public health and
economic benefits.*°

Given Uganda’s limited health budget and competing prior-
ities, expanding funding for the malaria vaccine may be chal-
lenging despite the potential benefits of the vaccine. The country
should consider strategies to both raise additional funds and
reduce costs. Evidence indicates that existing malaria prevention
strategies, such as insecticide-treated nets, are cost-effective.’!
However, the malaria vaccine would particularly be most

Figure 1. Estimated number of malaria cases before and after malaria vaccine for the first cohort of vaccine-eligible infants.

Estimated malaria cases in cohort one

400,000
300,000
200,000
100,000

Without malaria vaccine
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0 . . {
With malaria vaccine

¥ Qutpatient cases

Estimated malaria cases averted

Inpatient cases
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Table 2. Budget impact analysis results.

Annual cost outcomes ($) Year 1 Year 2
Before vaccine

Vaccine introduction costs 0 0

Malaria treatment costs 1132 004 1165 964
Total costs 1132 004 1165 964
After vaccine

Vaccine introduction costs 27 409 660 28 231 949
Malaria treatment costs 297 465 306 389
Total costs 27 707 125 28 538 338
Budget impact

Vaccine budget impact 27 409 660 28 231 949
Malaria treatment budget impact —834 539 —859 575
Net budget impact 26 575 121 27 372 374

Year 3 Year 4 Year 5 Total
0 0 0 0
1200 943 1236 971 1 274 080 6 009 962
1200 943 1236 971 1 274 080 6 009 962
29 078 908 29 951 275 30 849 813 145 521 605
315 581 325 048 334 800 1579 283
29 394 489 30 276 323 31184 613 147 100 888
29 078 908 29 951 275 30 849 813 145 521 605
—885 362 —911 923 —939 280 —4 430 679
28 193 546 29 039 352 29910 533 141 090 926

effective in settings where access to these other prevention
methods is limited or coverage remains suboptimal. Therefore,
Uganda could focus on increasing ITN coverage, especially in
high-burden areas, before introducing the vaccine there.
Switching to pyrethroid-piperonyl butoxide nets in regions with
high resistance could also improve effectiveness. Additionally,
strengthening early detection and treatment of malaria through
the Integrated Community Case Management program and
timely referrals can reduced complications and improve out-
comes, particularly in areas not yet targeted by vaccination.

Our study has limitations. First, we did not adjust the $5 per
dose vaccine unit cost for comparability with recent costing
studies; however, inflation could increase its real value. Addi-
tionally, we did not include vaccine cost variation scenarios in

our analysis, which we consider a limitation. We recommend
that future studies with longer analytic time horizons incor-
porate vaccine to better capture potential fluctuations and their
impact on budget projections. Second, we estimated the eco-
nomic value of the malaria vaccine from the health system
perspective, given our data. As a result, the overall benefits are
likely underestimated because they do not include household-
level gains, such as increased productivity from fewer work-
days lost by patients and caregivers. Lastly, our malaria case
estimates, based on Uganda’s Health Management Health In-
formation System, may underestimate the true burden due to
missing private sector data. Future research should adopt a so-
cietal perspective to fully capture the vaccine’s overall economic
and financial impact.

Figure 2. Sensitivity analysis using low and high scenarios for vaccine coverage and malaria incidence for under 5 children.

Net budget impact after sensitivity analysis ($000)

Total
5 1 37,216
Year 5 22,525
29,910
36,132
Year 4 21,869
29,039
35,079
Year 3 21,232
28,193
34,058
Year 2 20,613
27,372
33,066
Year 1 20,013
26,575
0 20,000 40,000 60,000 80,000

u High scenario

® Low scenario

175,552
106,253
141,090

100,000 120,000 140,000 160,000 180,000 200,000

m Base case
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Conclusion

The study shows that introducing the malaria vaccine would
increase Uganda’s immunization budget by approximately 24% and
raise the overall health sector budget by 3.5%. To ensure long-term
sustainability and affordability of the vaccine program, the govern-
ment should prioritize spending, adopt innovative financing strate-
gies, and seek additional funding. Cost-effective approaches, such as
targeting high-transmission areas and expanding other malaria
prevention measures, such as insecticide-treated nets, can help
make vaccine rollout more affordable. Advances in vaccine tech-
nology that reduce dosage requirements could further decrease
costs, underscoring the importance of meticulous planning.
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