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Abstract
Background: Malaria remains a major public health problem. While globally malaria mortality affects predominantly 
young children, clinical malaria affects all age groups throughout life. Malaria not only threatens health but also 
child education and adult productivity while burdening government budgets and economic development. Increased 
investments in malaria control can contribute to reduce this burden but have an opportunity cost for the economy. 
Quantifying the net economic value of investing in malaria can encourage political and financial commitment. 
Methods: We adapted an existing macroeconomic model to simulate the effects of reducing malaria on the gross domestic 
product (GDP) of 26 high burden countries while accounting for the opportunity costs of increased investments in 
malaria. We compared two scenarios differing in their level of malaria investment and associated burden reduction: 
sustaining malaria control at 2015 intervention coverage levels, time at which coverage levels reached their historic peak 
and scaling-up coverage to reach the 2030 global burden reduction targets. We incorporated the effects that reduced 
malaria in children and young adolescents may have on the productivity of working adults and on the future size of the 
labour force augmented by educational returns, skills, and experience. We calibrated the model using estimates from 
linked epidemiologic and costing models on these same scenarios and from published country-specific macroeconomic 
data. 
Results: Scaling-up malaria control could produce a dividend of US$ 152 billion in the modelled countries, equivalent 
to 0.17% of total GDP projected over the study period across the 26 countries. Assuming a larger share of malaria 
investments is paid out from domestic savings, the dividend would be smaller but still significant, ranging between 0.10% 
and 0.14% of total projected GDP. Annual GDP gains were estimated to increase over time. Lower income and higher 
burden countries would experience higher gains. 
Conclusion: Intensified malaria control can produce a multiplied return despite the opportunity cost of greater 
investments. 
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Background
In 2015, the global malaria community celebrated the 
achievements of halting and reversing the global malaria 
incidence.1,2 A more than two-fold increase in funding 
between 2000 and 2015 had permitted the expansion of key 
malaria control interventions, with this scale-up contributing 
to dramatically reduce the burden of malaria.3 Since this 
remarkable period, the level of investments and the disease 
burden have remained virtually unchanged.4,5 Each year less 
than half of the investments needed to reach the global 2030 
burden reduction targets are invested and more than 240 000 
million cases and 590 000 related deaths are reported.4 Malaria 
is also closely associated with other health conditions, such as 
anaemia and cognitive deficits.6-9 

Globally, malaria mortality affects predominantly 
young children while clinical malaria affects all age groups 

throughout life.8,10 The resulting deaths and illnesses have been 
reported to have significant economic consequences now and 
for the future.11 At a micro level, malaria expenditures burden 
households and governments with most of primary healthcare 
spending for malaria paid out from domestic sources.12,13 At 
household level, malaria reduces labour participation and 
productivity because of work absenteeism due to adults own 
sickness or time spent caring for a child.14-16 Malaria also 
reduces older children and young adolescents’ educational 
attainments and future adult employment.17-19 Like other 
diseases, malaria affects economic progress through lost 
capital and future income. Financial and physical capital may 
be depleted through reduced savings, dis-savings, the sale 
of household assets and livestock and/or borrowing.20,21 At 
business level, a decrease in labour participation can reduce 
the production of firms if the productive contribution of 
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workers cannot be compensated by other production factors 
or if absent workers cannot be replaced by new workers 
with sufficient skills and experience.22,23 At a macro level, 
malaria mortality can reduce the total size of the labour force 
while aggregated morbidity may reduce the total size and 
productivity of the workforce, human capital accumulation, 
and ultimately national economic output.16 Malaria also 
absorbs a significant amount of domestic resources for 
prevention and treatment,24 diverting part of these resources 
from other productive investments, notably infrastructure, 
equipment and machinery among others, which can 
ultimately also impact aggregate economic output. 

Quantifying the economic burden of malaria and the return 
of investing in malaria control can encourage political and 
financial commitment.25 The inclusion of impacts beyond 
health can thus better reflect the wide impact of a disease 
such as malaria and can help raise awareness among policy-
makers of the implications of these economic consequences 
for national economic progress.25 

There is ample literature on the economic burden and 
benefits of malaria control, especially in terms of the micro- 
and macro-economic effects of changes in morbidity and 
mortality, treatment cost and productivity. Yet limited 
consideration has been given to the effects of changes in savings 
that can hamper economy-wide physical capital accumulation 
and as a result economic outcomes. Many studies have used 
the cost-of-illness (COI) approach to estimate the direct 
and indirect costs of malaria including treatment costs and 
losses in labour force participation and associated income.26-31 

The underlying assumption is that the estimated economic 
value in COI studies represents the potential benefits of 
malaria control and elimination if it had been implemented.32 
Several other studies use econometric methods such as cross-
country growth regression, quasi-experiments studies or 
macroeconomic models to estimate the impact of malaria 
on aggregate economic outcomes.16,19,33-37 For example, these 
studies may consider the relationship between the gross 
domestic product (GDP) and malaria incidence or/and 
between the growth of industries with the same share of 

labor intensity and malaria incidence,16,33,34 or the effects of 
changes in economic growth on malaria transmission due 
to changes in household preventive behaviours.36 Compared 
to COI analyses, econometric studies are more complex 
and can incorporate economic adjustment mechanisms. 
However these studies generally assume that malaria control 
or particular malaria control interventions are funded by 
external donors,16,36 and thus do not consider the effects 
that changes in investment levels may have on savings and 
thus on investments in other production factors. Whereas 
investing in malaria control contributes to reduce the number 
of lives lost and work absenteeism because of illness, and 
thereby increase the size and quality of the labour force, it 
reduces capital accumulation. At the same time, a decline in 
morbidity reduces treatment costs and thus mitigates capital 
accumulation loss. Thus it is not clear how investment in 
malaria control ultimately affects economic growth through 
changes in labour force and physical accumulation. 

The current study uses World Health Organization’s 
(WHO’s) Economic Projections of Illness and Costs 
macroeconomic model (EPIC) to estimate the impact of 
malaria control on projected GDP from (i) changes in 
malaria mortality and morbidity on the size of the labor 
force augmented by educational returns and work experience 
accumulated over time, (ii) changes in the accumulation 
of physical capital due to reduced savings from increased 
investments in malaria control, and (iii) changes in treatment 
costs from reduced morbidity. For this EPIC application, 
the model is adapted to account for the effects of changes in 
malaria morbidity among children and young adolescents on 
working adult productivity. As malaria burden reductions 
and funding levels have stagnated since the launch of the 
global malaria strategy for 2016-2030, the current study 
aims at estimating the potential gains in projected GDP that 
could have been achieved across 26 high burden countries if 
progress in malaria control and associated investments had 
matched the vision of the global malaria strategy for 2016-
2030.38 

Implications for policy makers
• There is ample evidence on the economic benefits of malaria control. The potential net gains in projected gross domestic product (GDP) from 

reduced malaria burden on one hand and increased investments that divert resources from other important areas on the other hand have not 
been previously estimated.  

• Under a range of assumptions, this study shows that intensified malaria control could produce a multiplied net return in terms of economic 
growth. 

• The study used a macroeconomic model called Economic Projections of Illness and Costs (EPIC) that can be easily adapted to different diseases 
and conditions and calibrated to different countries to support the development of investment cases in health.

• EPIC can complement other types of tools to inform priority-setting in health. 

Implications for the public
After remarkable success in the fight against malaria, investments in malaria control and disease burden reductions have plateaued.  Malaria continues 
to have a devastating impact on population lives and livelihoods: deaths, notably in young children, reduce the total size of the future workforce, 
while infections throughout life reduce productivity because of work and school absenteeism. Intensifying malaria control requires substantial 
resources, which, on one hand, averts infections and treatment costs while, on the other hand, reduces investment opportunities in other important 
areas.  Quantifying the net economic return of investing in malaria can better reflect the wide impact of the disease and provide useful information 
for decision makers. 

Key Messages 



Patouillard et al

          International Journal of Health Policy and Management, 2023;12:7132 3

Methods
Economic Projections of Illness and Costs Modelling Framework
EPIC was originally developed by the WHO and subsequently 
adapted and applied to tuberculosis37,39 and selected non-
communicable chronic diseases.40-43 The model quantifies the 
macroeconomic consequences of investing in health based 
on a yearly recursive production function accompanied by 
the evolution of two production factors: the effective labour 
supply and the physical capital. First, health improvements 
from intensified disease control increase the stock of the 
labour force composed of different age groups of workers that 
have different levels of education and skills accrued over time. 
Reductions in mortality increase the number of working-
age individuals while reductions in morbidity increase their 
productivity. Productivity losses are measured in terms of 
years lost to disability (YLDs). One YLD represents one full 
year of healthy life lost due to ill health and is assumed to 
be equivalent to one year of full productivity lost. Second, 
the accumulation of physical capital (tangible assets used in 
production) depends on the depreciation rate of the stock of 
physical capital and on savings that is the amount of disposable 
income saved rather than consumed. Changes in domestic 
spending due to investments in health interventions (net of 
the external donor share for these investments) are assumed 
to be partly financed by savings and thereby reduce the total 
stock of physical capital. Supplementary file 1 describes the 
technical specification of the EPIC model. 

Adaptation of EPIC to Malaria
While malaria affects all age groups in endemic countries, 
it disproportionally affects young children mortality and 
morbidity, typically under the age of five years in countries 
where transmission is intense (eg, sub-Saharan Africa). Older 
children (5-9 years old) and young adolescents (10-14 years 
old) are also at higher risk of malaria than older age groups (15 
and above), notably because of immunological and hormonal 
factors. We adapted EPIC to capture these effects including 
the effects of caring for children and young adolescents 
infected by malaria on adult productivity in addition to the 
effects of malaria infections in working-age adults on labour 
productivity (Supplementary file 1). We differentiated the 
effects of malaria morbidity in young children and in older 
children and young adolescents on adult productivity. In 
addition, the number of averted deaths in these age groups 
were subsequently added to the future stock of labour once 
they reach the age of 15 while considering mortality risks 
from other diseases. We also developed an analytical approach 
to estimate the effects of changes in malaria morbidity 
and mortality on GDP (Supplementary file 1). This EPIC 
application used R v4.3 and RStudio Cherry Blossom Release 
(2023.03.1).44,45 

Scope of the Analysis
To quantify the potential macroeconomic impact of reaching 
the burden reduction targets set out in the global malaria 
strategy for 2016-2030,38 we compare the projected aggregated 
GDP of 26 malaria endemic countries over the 2016-2030 
period between two scenarios: a business-as-usual scenario in 

which the coverage of key malaria interventions is sustained 
at their 2015 level (“Sustain” scenario) and the scale-up 
scenario in which intervention coverage levels increase 
between 50% and 90% of the population in needs depending 
on the intervention considered (“Scale-up” scenario). The 
two scenarios thus differ in terms of the level of investment 
required to sustain or scale-up intervention coverage. 
Considering population growth, the level of investments 
needed under the Sustain scenario increase at a slower rate 
than under the Scale-up scenario. 

All malaria control interventions considered in the global 
strategy for malaria 2016-2030 are considered, including 
long-lasting insecticidal nets and complementary vector 
control interventions, seasonal malaria chemoprevention 
in children, intermittent preventive treatment of pregnant 
women, diagnostics by blood testing and treatment of 
confirmed cases, and surveillance activities such as routine 
epidemiological and entomological information systems. 
Information on the modelled interventions and coverage 
scale-up rates is provided in Table S1 (Supplementary file 1). 
The malaria vaccine recommended by WHO since 2021 and 
subsequently prequalified in the middle of 2022 is not 
considered in this analysis. 

Twenty-six countries, which together accounted for more 
than 90% of the global number of malaria cases and deaths 
in 2016 were included in the analysis. Of these, two countries 
including Nigeria and the Democratic Republic of the Congo 
accounted for nearly 40% of the global malaria burden (Table 
S2, Supplementary file 1). Of the 26 countries considered, 16 
were categorized as low-income countries and 10 as middle-
income countries, including nine lower-middle income 
countries and one higher-middle income country. 

Data Sources and Analysis
All data sources are summarized in Table S3, Supplementary 
file 2.24,46-54 Investment need and health impact estimates were 
obtained from linked modelling work conducted to inform 
the development of the global malaria strategy 2016-2030. 
Estimates on the total investment needs per year and per 
country (country-specific annual total costs) were obtained 
for each scenario in constant 2014 US$ from Patouillard et al48 
(Supplementary file 2). We subtracted from these estimates 
the amount assumed to be financed by external donors, 
using data on the share of donor funding in total malaria 
expenditures for each country available from the Global Health 
Expenditure Database.24 We assumed that in each country the 
share of donor funding stayed constant at 2016-2020 average 
level throughout the study period. We then assumed that 
the total cost of the Sustain scenario, net of external donor 
funding would be funded by domestic consumption while 
the incremental cost of the Scale-up scenario (net of donor 
funding) would be paid out by both domestic consumption 
and savings. In a base-case analysis, 10% of the incremental 
cost of the Scale-up scenario were assumed to be paid out by 
savings and 90% by domestic consumption, a situation that is 
not uncommon in many low- and middle-income countries.24 
We varied these assumptions in sensitivity analysis (see later). 

Health impact estimates were obtained by combining 
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malaria burden projections from WHO48 and from Griffin 
et al.50 Griffin et al developed a malaria transmission model 
to quantify the potential reductions in malaria burden in the 
Sustain and Scale-up scenarios, as envisaged by the global 
malaria strategy 2016-2030 (Supplementary file 2). These 
modelled mortality estimates were available under each 
scenario for population groups aged under and above five 
years of age. We distributed these data proportionally into 
five-year age groups using WHO’s mortality projections.48 In 
addition, for morbidity estimates, we converted the effects 
of malaria control on YLD using the ratio of the impact on 
malaria deaths modelled by Griffin et al to those projected by 
the WHO.48 To model morbidity and mortality effects on the 
effective labour supply, we then merged five-year age groups 
from the age of 15 and above into age groupings used in ILO 
labor force participation rate dataset (15-29, 30-44, 45-59, 60-
64, 65-69)47 (Supplementary file 2). 

To transfer malaria morbidity in children and young 
adolescents on the productivity of working adults, we assumed 
that one year lost to child morbidity in the 0-4 age group and in 
the 5-14 age group was equivalent to one full year and 0.5 year 
productivity loss in working adults, respectively.16,17,35,51,52,55-57 
We varied these assumed transfer rates in sensitivity analysis 
(see below).

EPIC’s parameters including the saving rate (percentage of 
disposable income saved rather than spent on consumption), 
the growth rate of total factor productivity (the change in 
economic growth that occurs due to factors other than changes 
in the labour force and capital stock), the output elasticity of 
physical capital (the change in the output that results from 
a change in physical capital), the growth rate of educational 
capital (returns to education that increase the quality of 
the labour force) and the depreciation rate (the percentage 
decrease in the monetary value of tangible assets over time) for 
each country were derived from the Penn World Table 10.01 
(Supplementary file 2).46 Missing values for country-specific 
data extracted from published sources were imputed using the 
mean of data in countries from the same income group. 

For each country, macroeconomic parameters were assigned 
a normal distribution informed by their respective mean and 
standard deviation over the 2005-2014 period (Table S4 and 
Figure S1, Supplementary file 2) and were combined with 
investment need and health impact estimates to generate 1000 
estimated projections of annual GDP for each scenario and 
country over the 2016-2030 period. 

We calculated the mean difference and 95% uncertainty 
intervals (UIs) in annual GDP between the two scenarios for 
each country. We summarized results as percentage differences 
in GDP aggregated across the 26 countries and according to 
World Bank country income groups, per year and for the 
entire study period. We calculated the relative contribution 
of morbidity and mortality changes to the difference in GDP 
between the two scenarios (Supplementary file 1). 

These main results are presented for a base-case analysis 
in which 10% of incremental investment needs would be 
paid out of savings in the Scale-up scenario while in both 
scenarios, the morbidity transfer rate of one YLD in the 0-4 
age group would be equivalent to one full year productivity 

loss in working adults and in the 5-14 age group to 0.5-year 
productivity loss in working adults. 

Sensitivity Analysis
Given the published estimates on the effect of malaria on 
labour productivity across different settings, age groups and 
occupations, we varied the morbidity transfer rates from 1 to 
0.6 for one year lost to morbidity in the 0-4 age group and 
from 0.5 to 0.3 for one year lost to morbidity in the 5-14 age 
group. The percentage of investment needs (net of external 
donor funding) paid out by domestic savings in the Scale-up 
scenario was varied from 10% to 50% and from 10% to 90%. 
These increases in the proportion of incremental domestic 
investments needs paid out by savings may correspond to 
situations in which governments cannot raise sufficient 
revenues, out of taxation from example, such that a larger 
share of investment needs is paid out from savings. Thus, it was 
assumed that in the Scale-up scenario, intensifying malaria 
control does not rely on increasing household consumption 
given the significant share of malaria expenditures that are 
already paid out of pocket by households in many low- and 
middle-income countries.24 

Results 
Across all 26 countries and over the entire study period, an 
additional 12 million malaria related deaths and 60 million 
YLD to malaria could be averted under the Scale-up scenario 
compared to the Sustain. Forty percent of the averted burden 
would take place in three of the 26 countries (Nigeria, India, 
and the Democratic Republic of Congo), reflecting their large 
population size and malaria burden in absolute terms. Net of 
assumed external donor funding, total domestic investment 
needs were estimated at US$ 22.92 billion under the Sustain 
scenario (64% of total scenario investment needs) and US$ 
45.17 under the Scale-up scenario (61% of total scenario 
investment needs) (Figure S2, Supplementary file 3). Under 
both scenarios, nearly 70% of total domestic investment 
needs were estimated in four of the 26 countries studied: 
India (about 30%), Nigeria (about 25%) and the Democratic 
Republic of Congo and the United Republic of Tanzania (each 
about 6%). 

Estimated Total Macroeconomic Impact 
In the base-case analysis, the macroeconomic dividend from 
scaling-up malaria control as set out by the global malaria 
strategy 2016-2030 was estimated at US$ 152.50 billion (95% 
UI 152.00-153.00) in total across all 26 modelled countries 
over the study period. 

These estimated gains would be equivalent to a 0.1750% 
increase in total GDP projected for the study period for all 
26 countries (Table S5), with around 95% of the mean total 
GDP gain attributable to averted malaria morbidity (Table 
S6). Across the 16 low-income countries, the economic 
dividend was estimated to be higher, equivalent to 0.3193% 
in total GDP projected for the study period while in the 
nine lower-middle income countries, it would be about half 
at 0.1567% of total projected GDP. Gains were estimated to 
be higher in Sub-Saharan countries, at 0.5684% of projected 
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GDP in Niger, 0.4315% in Mozambique, 0.4144% in Mali and 
0.3541% in Nigeria, for example. Outside sub-Saharan African 
countries where the burden of malaria on children and young 
adolescent is relatively smaller, gains would be lower, such as, 
for example, in India at 0.1149% of projected GDP. 

Assuming lower transfer rates of children morbidity on 
working adult productivity across all 26 modelled countries, 
the mean total gain over the study period declined slightly 
but was still significant, equivalent to 0.1439% of total GDP 
projected over the study period (Table S7). In the above-
mentioned sub-Saharan African countries, gains would be 
0.05 to 0.20% point lower than in the base-case analysis, at 
0.3812% of projected GDP in Niger, 0.3542% in Mozambique, 
0.2913% in Mali and 0.2714% in Nigeria, for example. By 
contrast, in India, the gain would not change very much 
compared to the base-case analysis (0.1014% of projected 
GDP), reflecting the relatively lower burden of malaria in 
children and younger adolescents in this country and thus a 
lower sensitivity to changes in the morbidity transfer rates. 

Finally, increasing the percentage share of domestic 
investments paid out from savings from 10% to 50% and 
from 10% to 90% under the Scale-up scenario reduced the 
economic dividend from 0.1750% to respectively 0.1391% 
and 0.1031% of total GDP projected over the study period 
(Tables S8 and S9). 

Estimated Macroeconomic Impact Over Time
Across all 26 countries, macroeconomic annual benefits 
would increase over time (Figure 1). The mean gains would 
be equivalent to 0.0858% in total projected GDP between 
2016 and 2020, 0.1855% between 2021 and 2025 and 0.2152% 

between 2026 and 2030. In the 16 low-income countries, 
mean gains were estimated at 0.1380% of projected total GDP 
between 2016 and 2020, 0.3278% between 2021 and 2025 and 
0.3798% between 2026 and 2030 and in the 9 lower-middle 
income countries at 0.08%, 0.17% and 0.19% over the three 
periods respectively (Figure 2). Trends in projected GDP 
annual gains (in billion US$ and percentages) over the entire 
study period by country income group are available in Figures 
S3 and S4. The relative contribution of averted mortality to 
the gain in projected GDP increased over the study period, 
reflecting the increasing number of children reaching 
working-age (Figure S5), with additional gains expected 
beyond the study period. 

Discussion 
We used the WHO’s EPIC macroeconomic model to estimate 
the potential gain in projected GDP of reducing the burden 
of malaria in 26 high malaria burden, as set out by the global 
malaria strategy for 2026-2030. For this application of EPIC 
to malaria, a disease responsible for significant mortality in 
young children and ill-health throughout life, we adapted the 
model to account for, not only the direct effects of childhood 
mortality and adult morbidity on the effective labour supply 
but also the effects of morbidity in childhood and early 
adolescence on the productivity of working adults. In our 
base-case analysis, scaling-up malaria control to reach the 
global burden reduction targets for 2016-2030 could have 
generated economic gains of around 0.17% in projected GDP 
across all 26 countries, with these potential gains increasing 
over the time period. These gains were estimated to be, on 
average, nearly twice higher (0.32%) in low-income countries, 

Figure 1. Annual Gains in Projected GDP (2014 Billion US$ and 95% UI) for All 26 Modelled Countries Between 2016 and 2030. Trend in annual gains in GDP 
projected for all modelled countries between 2016 and 2010 in the Scale-up scenario compared to the Sustain scenario. Thicker blue line shows greater uncertainty 
using 95% UIs. Abbreviations: UI, uncertainty interval; GDP, gross domestic product.
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including countries with some of the highest malaria burden 
in the world. Potential gains in projected GDP over the 
studied period were found to be sensitive to changes in key 
assumptions. First, assuming lower morbidity transfer rates 
from children and young adolescents to working-age adults 
reduced the estimated gains, which were still significant at 
0.14% of projected GDP between 2016 and 2030 across all 
26 countries. Second, greater reliance on domestic savings 
for malaria investments decreased potential gains down 
to 0.14% or 0.10% of projected GDP across all modelled 
countries, depending on the assumptions made. Despite these 
sensitivities to changes in key assumptions, gains in the low-
income country groups and in countries with the highest 
burden of malaria remained above the average gain estimated 
in the base-case analysis. These results imply that, under 
the modelled assumptions, the health benefits of reducing 
malaria could outweigh the economy-wide opportunity cost 
of malaria control, in terms of the productive potential of 
these investments in other important areas. 

Given the stagnating levels in malaria investments and 
burden since 2015, it is evidently unlikely that the economic 
gains estimated in this study would materialize by 2030, 
including if malaria control efforts were to intensify 
dramatically over the next decade. Our analysis did not 
consider the disruptions of the COVID-19 pandemic on 
malaria control, which resulted in an increased number of 
malaria cases in 2020 and 2021. Thus, whilst global trends in 
malaria case incidence and deaths have been broadly stable 
since 2015, notably due to a slight decline in the burden of 
malaria in 2018, the estimated potential GDP gains should be 
seen as retrospective estimates of the direction and potential 
magnitude of the economic benefits associated with the global 
malaria strategy for 2016-2030. Focusing on 26 countries 
instead of the 84 countries with malaria endemicity in 2021 

allowed us to focus on the potential economic benefits of 
malaria control in the highest burden and poorer endemic 
countries. In low malaria burden or elimination settings, 
the interruption of malaria transmission requires expanding 
the range of interventions which often imply high costs, 
greater uncertainty, and risk of failure whilst the incremental 
health benefits decline, bringing additional challenges in the 
interpretation of results from benefit-cost analyses.25,58 

Various methodological approaches have been used to 
estimate the economic value of malaria control. While 
these approaches have their own strengths and limitations, 
EPIC offers an alternative analytical framework to conduct 
investment cases in health that can account for the 
opportunity costs of health interventions from an economy-
wide perspective. The usefulness and flexibility of the EPIC 
framework have been demonstrated in earlier applications to 
selected non-communicable diseases and to tuberculosis.37,39-43 
For example, a recent EPIC application estimated that the 
worldwide economic burden of cancers could represent an 
annual tax on global GDP of 0.55% between 2020 and 2050.42 
Another recent EPIC-based study estimated that introducing 
a novel tuberculosis vaccine for infants and for adolescents 
and adults could generate an economic dividend equivalent 
to an increase in projected GDP of, respectively, 0.004% 
and 0.033% across 105 low- and middle-income countries 
between 2028 and 2080.37 Focusing on the recent malaria 
literature, a macroeconomic modelling study accounting for 
changes in household preventive behaviour estimated that 
malaria vaccination in children below five years of age could 
increase Ghana’s GDP by 0.5% per year over a 30-year period 
assuming 100% vaccine coverage and external funding.16 Also 
in Ghana, a similar model was used to explore the potential 
for existing malaria control interventions alongside economic 
development to achieve malaria elimination.36 Given the 

Figure 2. Percent Gain in Projected GDP in the Scale-up Scenario Compared to the Sustain Scenario, Across All 26 Countries in 2016-2020, 2021-2025 and 2026-
2030 and Trend in Projected GDP Gain Across 16 Low-Income Countries and 9 Low-Middle Income Countries Between 2016 and 2030 (Base-Case Analysis). 
Boxplots represent the distribution of percent gains (median and upper and lower quartiles) in projected GDP across 26 individual modelled countries for each 5-year 
period. Whiskers indicate the variability in results outside upper and lower quartiles. Dots indicate individual point estimate outliers. Dashed and solid lines indicate 
the arithmetic mean of the gain in projected GDP for 16 low-income countries and the 9 low-middle-income countries respectively. Abbreviation: GDP, gross domestic 
product.
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differences in methods, it is challenging to make comparative 
observations on results. 36 In terms of methodological approach, 
EPIC offers a relatively simple analytical framework that 
can be easily adapted to different diseases and interventions 
in one or several countries. Whilst our application did 
not integrate demographic, epidemiologic, costing and 
macroeconomic models in a shared framework, it used health 
impacts and resources needs estimates stemming from linked 
epidemiologic and costing models, while accounting for the 
opportunity costs of malaria control interventions, one aspect 
not considered to date in other macroeconomic models 
applied to malaria and of relevance for priority setting. Future 
work will aim to integrate EPIC to the suite of methodologies 
that WHO develops to support value for money assessments 
and address the common resource and capacity gaps for 
conducting economic evaluations in many countries.59-61

Our study has some limitations. Whilst by using a standard 
augmented Solow framework we conform to well-accepted 
norms in economic modelling, EPIC does not account for 
endogenous changes that may occur on key parameters due 
to changes in health status. The population growth rate, 
saving behaviour and thus the accumulation of physical 
capital, as well as human capital accumulation and future 
labour productivity may be affected by changes in health 
interventions and associated improvements in health status 
over time. While our study period is relatively short, which 
likely mitigates the impact of such changes during the study 
period, future applications of EPIC could consider modelling 
household behaviours and decision-making over time. In 
addition, the specification of the manner in which health 
investments affect capital accumulation could draw on an 
improved national accounting identity framework. 

Conclusion
Our results offer insights on the benefits that investing in 
malaria control can have beyond health. More generally, it 
shows that the EPIC modelling framework offers a simple 
approach that may be adapted to different diseases and 
interventions for investment cases in health.
 
Acknowledgment
We thank the members of the WHO’s Scientific Advisory 
Group on Malaria Eradication for insightful advice.

Ethical issues 
No ethical approval was sought as this is secondary data analysis. 

Competing interests 
Edith Patouillard is staff member of the WHO. Other authors declare that they 
have no competing interests. 

Authors’ contributions 
Conceptualization: Edith Patouillard and Jeremy Lauer.
Data curation: Edith Patouillard, Seoni Han, and Mara Barschkett.
Formal analysis: Seoni Han, Mara Barschkett, Edith Patouillard, and Jean-Louis 
Arcand.
Funding acquisition: Edith Patouillard and Jeremy Lauer
Methodology: Edith Patouillard, Jeremy Lauer, Jean-Louis Arcand, and Seoni 
Han.
Writing–original draft: Edith Patouillard and Seoni Han.
Writing–review and editing: Edith Patouillard, Seoni Han, Mara Barschkett, 

Jeremy Lauer, and Jean-Louis Arcand.

Disclaimers
The views expressed are those of the authors and do not necessarily represent 
the views of their respective organizations.

Funding
Funders include the WHO and the Bill & Melinda Gates Foundation. The funders 
had no role in the design, writing or the decision to submit the manuscript for 
publication.

Authors’ affiliations
1Department of Health Financing and Economics, World Health Organization, 
Geneva, Switzerland. 2Korea Institute for International Economic Policy, Sejong, 
Korea. 3Strathclyde Business School, University of Strathclyde, Glasgow, 
UK. 4Federal Institute for Population Research and Department of Public 
Economics, German Institute of Economic Research (DIW Berlin), Berlin, 
Germany. 5Global Development Network, New Delhi, India. 6Mohammed VI 
Polytechnic University, Rabat, Morocco. 7Foundation for Studies and Research 
on International Development (FERDI), Clermont Ferrand, France.  

Supplementary files
Supplementary file 1. EPIC Technical Specification and Adaptation to Malaria.
Supplementary file 2. Data Sources.
Supplementary file 3. Results.

References
1. Cibulskis RE, Alonso P, Aponte J, et al. Malaria: global progress 2000-

2015 and future challenges. Infect Dis Poverty. 2016;5(1):61. doi:10.1186/
s40249-016-0151-8

2. World Health Organization (WHO). World Malaria Report 2015. WHO; 
2015.

3. Bhatt S, Weiss DJ, Cameron E, et al. The effect of malaria control on 
Plasmodium falciparum in Africa between 2000 and 2015. Nature. 2015; 
526(7572):207-211. doi:10.1038/nature15535

4. World Health Organization (WHO). World Malaria Report 2022. WHO; 
2022. 

5. World Health Organization (WHO). Global Technical Strategy for Malaria 
2016-2030, 2021 Update. WHO; 2021.

6. Kihara M, Carter JA, Newton CR. The effect of Plasmodium falciparum on 
cognition: a systematic review. Trop Med Int Health. 2006;11(4):386-397. 
doi:10.1111/j.1365-3156.2006.01579.x

7. White NJ. Anaemia and malaria. Malar J. 2018;17(1):371. doi:10.1186/
s12936-018-2509-9

8. Cohee LM, Nankabirwa JI, Greenwood B, Djimde A, Mathanga DP. Time 
for malaria control in school-age children. Lancet Child Adolesc Health. 
2021;5(8):537-538. doi:10.1016/s2352-4642(21)00158-9

9. Yimgang DP, Buchwald AG, Coalson JE, et al. Population attributable 
fraction of anemia associated with Plasmodium falciparum infection in 
children in southern Malawi. Am J Trop Med Hyg. 2021;104(3):1013-
1017. doi:10.4269/ajtmh.20-1120

10. Lalloo DG, Olukoya P, Olliaro P. Malaria in adolescence: burden of 
disease, consequences, and opportunities for intervention. Lancet Infect 
Dis. 2006;6(12):780-793. doi:10.1016/s1473-3099(06)70655-7

11. Hong SC. Malaria: an early indicator of later disease and work level. J 
Health Econ. 2013;32(3):612-632. doi:10.1016/j.jhealeco.2013.03.004

12. World Health Organization (WHO). Global Expenditure on Health: Public 
Spending on the Rise? WHO; 2021.

13. Andrade MV, Noronha K, Diniz BPC, et al. The economic burden of 
malaria: a systematic review. Malar J. 2022;21(1):283. doi:10.1186/
s12936-022-04303-6

14. Lukwa AT, Mawoyo R, Zablon KN, Siya A, Alaba O. Effect of malaria on 
productivity in a workplace: the case of a banana plantation in Zimbabwe. 
Malar J. 2019;18(1):390. doi:10.1186/s12936-019-3021-6

15. Mabe FN, Dafurika T. Averting expenditure on malaria: effects on labour 
productivity of maize farmers in Bunkpurugu-Nakpanduri District of 
Ghana. Malar J. 2020;19(1):448. doi:10.1186/s12936-020-03521-0

16. Yerushalmi E, Hunt P, Hoorens S, Sauboin C, Smith R. Exploring the use of 
a general equilibrium method to assess the value of a malaria vaccine: an 
application to Ghana. MDM Policy Pract. 2019;4(2):2381468319894345. 
doi:10.1177/2381468319894345

17. Cutler D, Fung W, Kremer M, Singhal M, Vogl T. Early-life malaria 
exposure and adult outcomes: evidence from malaria eradication in India. 

https://www.ijhpm.com/jufile?ar_sfile=68725
https://www.ijhpm.com/jufile?ar_sfile=68726
https://www.ijhpm.com/jufile?ar_sfile=68727
https://doi.org/10.1186/s40249-016-0151-8
https://doi.org/10.1186/s40249-016-0151-8
https://doi.org/10.1038/nature15535
https://doi.org/10.1111/j.1365-3156.2006.01579.x
https://doi.org/10.1186/s12936-018-2509-9
https://doi.org/10.1186/s12936-018-2509-9
https://doi.org/10.1016/s2352-4642(21)00158-9
https://doi.org/10.4269/ajtmh.20-1120
https://doi.org/10.1016/s1473-3099(06)70655-7
https://doi.org/10.1016/j.jhealeco.2013.03.004
https://doi.org/10.1186/s12936-022-04303-6
https://doi.org/10.1186/s12936-022-04303-6
https://doi.org/10.1186/s12936-019-3021-6
https://doi.org/10.1186/s12936-020-03521-0
https://doi.org/10.1177/2381468319894345


Patouillard et al

 International Journal of Health Policy and Management, 2023;12:71328

Am Econ J Appl Econ. 2010;2(2):72-94. doi:10.1257/app.2.2.72
18. Vorasan N, Pan-Ngum W, Jittamala P, Maneeboonyang W, Rukmanee P, 

Lawpoolsri S. Long-term impact of childhood malaria infection on school 
performance among school children in a malaria endemic area along the 
Thai-Myanmar border. Malar J. 2015;14:401. doi:10.1186/s12936-015-
0917-7

19. Barofsky J, Anekwe TD, Chase C. Malaria eradication and economic 
outcomes in sub-Saharan Africa: evidence from Uganda. J Health Econ. 
2015;44:118-136. doi:10.1016/j.jhealeco.2015.08.002

20. Etiaba E, Onwujekwe O, Uzochukwu B, Adjagba A. Investigating payment 
coping mechanisms used for the treatment of uncomplicated malaria to 
different socio-economic groups in Nigeria. Afr Health Sci. 2015;15(1):42-
48. doi:10.4314/ahs.v15i1.6

21. Jayawardene R. Illness perception: social cost and coping-strategies of 
malaria cases. Soc Sci Med. 1993;37(9):1169-1176. doi:10.1016/0277-
9536(93)90256-4

22. Pluess B, Mueller I, Levi D, King G, Smith TA, Lengeler C. Malaria--a 
major health problem within an oil palm plantation around Popondetta, 
Papua New Guinea. Malar J. 2009;8:56. doi:10.1186/1475-2875-8-56

23. Nonvignon J, Aryeetey GC, Malm KL, et al. Economic burden of malaria 
on businesses in Ghana: a case for private sector investment in malaria 
control. Malar J. 2016;15(1):454. doi:10.1186/s12936-016-1506-0

24. World Health Organization (WHO). Global Health Expenditures Database. 
https://apps.who.int/nha/database/.

25. Sicuri E, Ramponi F, Lopes-Rafegas I, Saúte F. A broader perspective on 
the economics of malaria prevention and the potential impact of SARS-
CoV-2. Nat Commun. 2022;13(1):2676. doi:10.1038/s41467-022-30273-z

26. Hennessee I, Chinkhumba J, Briggs-Hagen M, et al. Household costs 
among patients hospitalized with malaria: evidence from a national 
survey in Malawi, 2012. Malar J. 2017;16(1):395. doi:10.1186/s12936-
017-2038-y

27. Alonso S, Chaccour CJ, Elobolobo E, et al. The economic burden of 
malaria on households and the health system in a high transmission 
district of Mozambique. Malar J. 2019;18(1):360. doi:10.1186/s12936-
019-2995-4

28. Watts C, Atieli H, Alacapa J, et al. Rethinking the economic costs of 
hospitalization for malaria: accounting for the comorbidities of malaria 
patients in western Kenya. Malar J. 2021;20(1):429. doi:10.1186/s12936-
021-03958-x

29. Njau J, Silal SP, Kollipara A, et al. Investment case for malaria elimination 
in South Africa: a financing model for resource mobilization to accelerate 
regional malaria elimination. Malar J. 2021;20(1):344. doi:10.1186/
s12936-021-03875-z

30. Shretta R, Avanceña AL, Hatefi A. The economics of malaria control and 
elimination: a systematic review. Malar J. 2016;15(1):593. doi:10.1186/
s12936-016-1635-5

31. Sicuri E, Vieta A, Lindner L, Constenla D, Sauboin C. The economic costs 
of malaria in children in three sub-Saharan countries: Ghana, Tanzania 
and Kenya. Malar J. 2013;12:307. doi:10.1186/1475-2875-12-307

32. Jo C. Cost-of-illness studies: concepts, scopes, and methods. Clin Mol 
Hepatol. 2014;20(4):327-337. doi:10.3350/cmh.2014.20.4.327

33. Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med 
Hyg. 2001;64(1-2 Suppl):85-96. doi:10.4269/ajtmh.2001.64.85

34. Sarma N, Patouillard E, Cibulskis RE, Arcand JL. The economic burden of 
malaria: revisiting the evidence. Am J Trop Med Hyg. 2019;101(6):1405-
1415. doi:10.4269/ajtmh.19-0386

35. Bleakley H. Malaria eradication in the Americas: a retrospective analysis of 
childhood exposure. Am Econ J Appl Econ. 2010;2(2):1-45. doi:10.1257/
app.2.2.1

36. Smith RD, Keogh-Brown MR, Chico RM, Bretscher MT, Drakeley C, 
Jensen HT. Will more of the same achieve malaria elimination? Results 
from an integrated macroeconomic epidemiological demographic model. 
Am J Trop Med Hyg. 2020;103(5):1871-1882. doi:10.4269/ajtmh.19-0472

37. Portnoy A, Arcand JL, Clark RA, et al. The potential impact of novel 
tuberculosis vaccine introduction on economic growth in low- and middle-
income countries: a modeling study. PLoS Med. 2023;20(7):e1004252. 
doi:10.1371/journal.pmed.1004252

38. World Health Organization (WHO). Global Technical Strategy for Malaria 
2016-2030. WHO; 2015.

39. Estill J, Islam T, Houben R, et al. Tuberculosis in the Western Pacific 
Region: estimating the burden of disease and return on investment 2020-
2030 in four countries. Lancet Reg Health West Pac. 2021;11:100147. 

doi:10.1016/j.lanwpc.2021.100147
40. Bloom DE, Chen S, McGovern ME. The economic burden of 

noncommunicable diseases and mental health conditions: results for 
Costa Rica, Jamaica, and Peru. Rev Panam Salud Publica. 2018;42:e18. 
doi:10.26633/rpsp.2018.18

41. Bloom DE, Chen S, Kuhn M, McGovern ME, Oxley L, Prettner K. The 
economic burden of chronic diseases: estimates and projections for 
China, Japan, and South Korea. J Econ Ageing. 2020;17:100163. 
doi:10.1016/j.jeoa.2018.09.002

42. Chen S, Cao Z, Prettner K, et al. Estimates and projections of the global 
economic cost of 29 cancers in 204 countries and territories from 2020 to 
2050. JAMA Oncol. 2023;9(4):465-472. doi:10.1001/jamaoncol.2022.7826

43. Chen S, Kuhn M, Prettner K, Bloom DE. The macroeconomic burden 
of noncommunicable diseases in the United States: estimates and 
projections. PLoS One. 2018;13(11):e0206702. doi:10.1371/journal.
pone.0206702

44. R Core Team. R: A Language and Environment for Statistical Computing. 
Version 4.3. R Foundation for Statistical Computing; 2021. https://www.r-
project.org/.

45. R Studio: Integrated Development for R. RStudio; 2020. http://www.
rstudio.com/.

46. Feenstra RC, Inklaar R, Timmer MP. The next generation of the Penn 
World Table. Am Econ Rev. 2015;105(10):3150-3182. doi:10.1257/
aer.20130954

47. ILOSTAT. Statistics on the Population and Labour Force. Geneva: 
International Labour Organization; 2015. https://ilostat.ilo.org/.

48. World Health Organization (WHO). Projection analysis based on Global 
Health Estimates (GHE) 2016: Deaths by Cause, Age, Sex, by Country 
and by Region, 2000-2016. WHO; 2018.

49. Patouillard E, Griffin J, Bhatt S, Ghani A, Cibulskis R. Global investment 
targets for malaria control and elimination between 2016 and 2030. BMJ 
Glob Health. 2017;2(2):e000176. doi:10.1136/bmjgh-2016-000176

50. Griffin JT, Bhatt S, Sinka ME, et al. Potential for reduction of burden and 
local elimination of malaria by reducing Plasmodium falciparum malaria 
transmission: a mathematical modelling study. Lancet Infect Dis. 2016; 
16(4):465-472. doi:10.1016/s1473-3099(15)00423-5

51. Sauerborn R, Shepard DS, Ettling MB, Brinkmann U, Nougtara A, Diesfeld 
HJ. Estimating the direct and indirect economic costs of malaria in a rural 
district of Burkina Faso. Trop Med Parasitol. 1991;42(3):219-223.

52. B, Gbary AR. [An outline of a method for estimating the calculated 
economic cost of malaria cases: its application to a rural area in Burkina 
Faso (Western Africa)]. Trop Med Int Health. 1997;2(7):646-653. 
doi:10.1046/j.1365-3156.1997.d01-351.x

53. The World Bank. DataBank, World Development Indicators. https://
databank.worldbank.org/reports.aspx?source=World-Development-
Indicators.

54. UN Population Division. World Population Prospects. New York: United 
Nations; 2015.

55. Chima RI, Goodman CA, Mills A. The economic impact of malaria in 
Africa: a critical review of the evidence. Health Policy. 2003;63(1):17-36. 
doi:10.1016/s0168-8510(02)00036-2

56. Asenso-Okyere WK, Dzator JA. Household cost of seeking malaria 
care. A retrospective study of two districts in Ghana. Soc Sci Med. 1997; 
45(5):659-667. doi:10.1016/s0277-9536(96)00383-8

57. Sauerborn R, Nougtara A, Hien M, Diesfeld HJ. Seasonal variations of 
household costs of illness in Burkina Faso. Soc Sci Med. 1996;43(3):281-
290. doi:10.1016/0277-9536(95)00374-6

58. Feachem RGA, Chen I, Akbari O, et al. Malaria eradication within 
a generation: ambitious, achievable, and necessary. Lancet. 2019; 
394(10203):1056-1112. doi:10.1016/s0140-6736(19)31139-0

59. Bertram MY, Stenberg K, Brindley C, et al. Disease control programme 
support costs: an update of WHO-CHOICE methodology, price databases 
and quantity assumptions. Cost Eff Resour Alloc. 2017;15:21. doi:10.1186/
s12962-017-0083-6

60. Bertram MY, Edejer TTT. Introduction to the special issue on “The World 
Health Organization choosing interventions that are cost-effective (WHO-
CHOICE) update”. Int J Health Policy Manag. 2021;10(11):670-672. 
doi:10.34172/ijhpm.2021.105

61. Bertram MY, Lauer JA, Stenberg K, Edejer TTT. Methods for the economic 
evaluation of health care interventions for priority setting in the health 
system: an update from WHO CHOICE. Int J Health Policy Manag. 
2021;10(11):673-677. doi:10.34172/ijhpm.2020.244

https://doi.org/10.1257/app.2.2.72
https://doi.org/10.1186/s12936-015-0917-7
https://doi.org/10.1186/s12936-015-0917-7
https://doi.org/10.1016/j.jhealeco.2015.08.002
https://doi.org/10.4314/ahs.v15i1.6
https://doi.org/10.1016/0277-9536(93)90256-4
https://doi.org/10.1016/0277-9536(93)90256-4
https://doi.org/10.1186/1475-2875-8-56
https://doi.org/10.1186/s12936-016-1506-0
https://apps.who.int/nha/database/
https://doi.org/10.1038/s41467-022-30273-z
https://doi.org/10.1186/s12936-017-2038-y
https://doi.org/10.1186/s12936-017-2038-y
https://doi.org/10.1186/s12936-019-2995-4
https://doi.org/10.1186/s12936-019-2995-4
https://doi.org/10.1186/s12936-021-03958-x
https://doi.org/10.1186/s12936-021-03958-x
https://doi.org/10.1186/s12936-021-03875-z
https://doi.org/10.1186/s12936-021-03875-z
https://doi.org/10.1186/s12936-016-1635-5
https://doi.org/10.1186/s12936-016-1635-5
https://doi.org/10.1186/1475-2875-12-307
https://doi.org/10.3350/cmh.2014.20.4.327
https://doi.org/10.4269/ajtmh.2001.64.85
https://doi.org/10.1257/app.2.2.1
https://doi.org/10.1257/app.2.2.1
https://doi.org/10.4269/ajtmh.19-0472
https://doi.org/10.1371/journal.pmed.1004252
https://doi.org/10.26633/rpsp.2018.18
https://doi.org/10.1016/j.jeoa.2018.09.002
https://doi.org/10.1001/jamaoncol.2022.7826
https://doi.org/10.1371/journal.pone.0206702
https://doi.org/10.1371/journal.pone.0206702
https://www.R-project.org/
https://www.R-project.org/
http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1257/aer.20130954
https://doi.org/10.1257/aer.20130954
https://ilostat.ilo.org/
https://doi.org/10.1136/bmjgh-2016-000176
https://doi.org/10.1016/s1473-3099(15)00423-5
https://doi.org/10.1046/j.1365-3156.1997.d01-351.x
https://databank.worldbank.org/reports.aspx?source=World-Development-Indicators
https://databank.worldbank.org/reports.aspx?source=World-Development-Indicators
https://databank.worldbank.org/reports.aspx?source=World-Development-Indicators
https://doi.org/10.1016/s0168-8510(02)00036-2
https://doi.org/10.1016/s0277-9536(96)00383-8
https://doi.org/10.1016/0277-9536(95)00374-6
https://doi.org/10.1016/s0140-6736(19)31139-0
https://doi.org/10.1186/s12962-017-0083-6
https://doi.org/10.1186/s12962-017-0083-6
https://doi.org/10.34172/ijhpm.2021.105
https://doi.org/10.34172/ijhpm.2020.244

