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Abstract

Background Expanding malaria community case management (mCCM) to all ages could shift the point-of-
care to the community leading to improved healthcare access in underserved populations. This study assesses
the economic viability of such an expansion in Farafangana district, Madagascar.

Methods A cluster-randomized trial was conducted across 30 health centres and the 502 community health workers
(CHW) in their catchment areas, with the intervention arm implementing the age-expanded mCCM intervention.
CHWs across both arms received training, supplies, and supervision to manage malaria. An economic evaluation
assessed cost-effectiveness from health sector and societal perspectives, measuring outcomes in disability-adjusted
life years (DALYs) averted. The impact of CHW compensation and economic risks were evaluated using sensitivity
analyses.

Results Without CHW compensation, annual costs were $794,000, primarily for antimalarials and diagnostic tests.
Incremental cost-effectiveness ratios (ICERs) per DALY averted ranged from -$21.86 to $212.42. From a societal
perspective, the ICER was -$135.64, and -$243.29 including mortality benefits, meaning the intervention was cost-
saving. The programme could avert 99.6 deaths and 3,721.7 DALYs annually, yielding $1,172,283 in net economic
benefits. Sensitivity analyses supported these findings.

Conclusions Age-expanded mCCM is highly cost-effective and can enhance malaria treatment access in resource-
limited settings.
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Background

Malaria remains a leading cause of morbidity and mor-
tality across sub-Saharan Africa (SSA), placing a tre-
mendous burden on overstretched health systems and
impeding economic development [1]. Despite intensive
control efforts, progress in reducing malaria’s impact has
plateaued [2]. Innovative strategies are urgently needed
to improve access to timely diagnosis and treatment for
malaria, especially in remote areas with limited health-
care infrastructure [3].

Integrated community case management (iCCM) is an
established intervention aimed at reducing child mortal-
ity through training and equipping community health
workers to diagnose and treat common illnesses like
malaria and diarrhoea [4, 5]. However, iCCM is restricted
to children under five (CU5), leaving a significant portion
of the population without access to community-based
care [4]. Many countries are exploring expanding malaria
community case management (mCCM) to all ages;
however, the economic benefits of this strategy remain
unclear [6].

The success of community health programmes hinges
on a dedicated and motivated CHW workforce. While
there is robust demand for CHW services across SSA,
supply is constrained by inadequate recruitment, train-
ing, and retention. Insufficient incentives increase the
opportunity cost of pursuing CHW roles, potentially
deterring workforce entry/retention. Some CHWSs may
be intrinsically motivated by altruism and desire to serve
their communities, which could partially offset absent
financial compensation [7]. Nevertheless, over-reliance
on intrinsic motivation is unsustainable [8] and can lead
to burnout and attrition, hampering service delivery and
quality; this risk may be aggravated by increasing work-
loads arising from expanded responsibilities. Appropriate
extrinsic incentives, both monetary and non-monetary,
are necessary to ensure a stable and motivated CHW
workforce [7].

Many countries in SSA have struggled to transition
towards a paid CHW workforce, given the high number
of CHWs per population and many challenges to health
systems financing. For example, Madagascar has one of
the lowest per capita health investments in the world and
relies on a network of over 35,000 unpaid CHW's to pro-
vide primary care services [9]. CHWSs in Madagascar pro-
vide curative services for common childhood illnesses,
support maternal and neonatal health, conduct health
education, assist with vaccination campaigns, and patient
referrals; on average they provide 1-2 consultations per
day [6].

An analysis of the costs, health, and economic out-
comes associated with age-expanded mCCM com-
pared to standard iCCM were assessed in a randomized
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controlled trial [6]. Potential impacts of different CHW
remuneration rates on the cost-effectiveness of age-
expanded mCCM and the potential budgetary impacts of
remuneration including affordability were also assessed.
Value of information methods were used to check the
potential value of further research. These findings can
guide policy decisions on optimal healthcare resource
allocation in Madagascar and inform malaria control
programmes across SSA.

Methods

A two-arm cluster-randomized trial involving 30 health
facilities (15 intervention, 15 control) and the CHWs in
their respective catchment areas was conducted in Fara-
fangana, Madagascar from November 2019 to December
2021 [6]. All CHWs received a 2-day refresher training
on mCCM and on the use of reporting tools, including
patient registers and tally forms. The CHWs in the inter-
vention arm also received additional training on malaria
case management for older children and adults. All
CHWs received necessary supplies including rapid diag-
nostic tests (RDTs) and artemisinin-based combination
therapy (ACT), and enhanced supervision. In the con-
trol arm, only CU5 were treated by CHWs, while older
patients were referred to health facilities. The primary
outcome was the proportion of individuals two months
or older with fever in the preceding fortnight who were
tested and treated for malaria [6]. This economic evalua-
tion was part of the trial.

Data sources

This study utilized two main data sources: (1) routine
monthly data from health facility and CHW registers
from January 2019 to December 2021, including the
number of consultations, patients with fever, RDTs done,
RDT-confirmed malaria cases, and ACT delivered for
each fokontany (village) and (2) primary and secondary
cost data collected through the trial. Primary cost data
were gathered through interviews with national malaria
programme managers and implementing partners and
their national and international pharmaceutical suppliers
(Table S1). Secondary cost data were extracted from pro-
gramme budgetary reports, published literature, and the
World Health Organization Choosing Interventions that
are Cost-Effective project (WHO-CHOICE) [10].

Decision tree model

A decision tree model was used to categorize patients
into those treated by CHWs versus those treated at
health facilities —Supplementary Fig. S1. Two patient cat-
egories were assumed: those who would never seek care
at health facilities and those who would have visited the
facilities without the intervention. For the latter category,



Ochieng et al. Malaria Journal (2025) 24:141

it was assumed that some patients would still choose
facility services despite the intervention, influenced by
factors such as proximity to the facility or perceived qual-
ity of care. Consequently, the intervention effects encom-
pass costs associated with patients who would never have
visited the health facilities (the economic extensive mar-
gin) and the savings from those who substitute treatment
points to the less-resource-intensive CHW services (the
economic intensive margin). Some costs are assumed for
a proportion of facility services e.g., haemoglobin meas-
urement, but are omitted for the CHW services.

Model parameters

Treatment efficacy estimates, transition probabilities for
progression to severe malaria and death, and probabili-
ties of accessing inpatient care were extracted from pub-
lished literature [11-15]. Disability weights associated
with uncomplicated malaria, severe malaria, and related
health sequelae were sourced from the Global Burden
of Disease study 2019 [16]. Comprehensive sensitivity
analyses were performed on key model parameters using
the ranges delineated in Supplementary Table (ST) 1 to
assess uncertainty in the results.

Costs

Actual programme start-up costs, including national
and district planning meetings; one-week trainings (hall
hire, trainer costs, per diems, refreshments, printing, and
transport); capital purchases (one motor vehicle and two
motorcycles); and community sensitization were used. To
calculate the annualized costs of the vehicles, a straight-
line depreciation approach, spreading the purchase
costs evenly across their expected useful lifetimes, was
employed.

Health sector costs included additional malaria RDTs,
ACT, consumables, training, community sensitization,
enhanced supervision, capital investments, and over-
heads. The inpatient non-medical (hotel) cost estimates
are derived from WHO-CHOICE estimates adjusted
using a GDP deflator, and encompass personnel, capital,
and operational costs, but not consumables or drugs [10].
From the societal perspective, productivity gains from
early treatment, monetary value of severe cases and pre-
mature deaths averted, and averted out-of-pocket costs
for patients and caregivers were included.

Productivity losses were estimated for caregivers and
malaria patients aged 15 and above, in line with Mada-
gascar’s minimum working age labour laws. Caregiver
time included accompanying minors to healthcare facili-
ties, care at home, and time spent with patients admit-
ted for severe malaria. Patient time costs were estimated
from projected length of illness multiplied by the respec-
tive disability weights [17].
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For CHWs, time costs were calculated based on their
activities under the trial. It was assumed that CHWs
travelled monthly to their catchment health facility for
meetings and supplies and dedicated an hour weekly for
administrative tasks like report preparation and drug
inventory reconciliations. Given the relatively low patient
volume, it was assumed that RDTs were performed seri-
ally, unlike batched testing at health facilities, resulting in
higher time spent per individual patient [18, 19].

To estimate the economic value of time expended by
CHWss, over-15 patients, and caregivers, an opportunity
cost approach was employed, utilizing hourly agricultural
(nominal) wage rates multiplied by time losses/benefits
[20, 21]. This approach assumes that time spent on treat-
ment and caregiving represents time lost from produc-
tive agricultural work, capturing the economic impact of
malaria on households.

Disability-adjusted life years (DALYs) averted

DALYs were quantified by estimating years of life lost
due to premature death and years lived with disabil-
ity, weighted by malaria severity [16]. The incremental
cost-effectiveness ratios (ICER) for age-expanded versus
standard mCCM were estimated by dividing incremental
costs by DALYs averted. The 95% confidence intervals for
the ICERs are estimated using a non-parametric boot-
strap approach [22].

Cost effectiveness analysis threshold (CET) and value

of statistical life year (VSLY)

Cost-effectiveness (CE) has commonly been assessed
using a threshold of one to three times the gross domestic
product (GDP) per capita [23]. This approach has been
criticized for being arbitrary, lacking theoretical basis,
and not adequately filtering low value interventions [24,
25]. Instead, the health opportunity cost approach was
used with an income elasticity parameter of 1.4, which
adjusts how CE thresholds (CETs) scale with country
GDP. In sensitivity analyses, this parameter was adjusted
by 0.1 increments from 1.0 to 2.5 [25—27]. Results using
the GDP-based method were compared with an $83[$26-
$130] per DALY-averted threshold for Madagascar
estimated by Pichon-Riviere et al. [28]. The value of sta-
tistical life year (VSLY) was estimated and then multiply
it by discounted years of life lost to determine the eco-
nomic costs of premature mortality [29].

Discount rate and exchange rate

A discount rate of 3% was used in the base case sce-
nario and 0% and 7% in sensitivity analyses. DALYs
averted were discounted, but costs were not, as they
were incurred within the year (except for vehicles). An
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exchange rate of 3905.4 Malagasy Ariary to 1 USD as of
January 2022 was used [30].

Sensitivity analyses, acceptability, affordability, and risk
aversion
Employing univariate sensitivity analyses, the impact of
varying individual parameters on ICERs were assessed,
shown using tornado diagrams. Probabilistic sensitiv-
ity analyses (PSA) using 10,000 Monte Carlo simulations
were done to assess joint parameter uncertainty and gen-
erate CE planes for individual ICERs [31]. Cost-effective-
ness acceptability curves (CEAC) assessed the probability
of age-expanded mCCM being cost-effective at different
CETs [32, 33]. New interventions may impose signifi-
cant costs on health systems and can be cost-effective yet
unaffordable [34-36]. Cost-effectiveness affordability
curves (CEAFC) with different budget constraints were
used to check the probabilities of the intervention being
both cost-effective and affordable [37] (Supplemental
text and Fig. S2). To assess the need for future research
to reduce parameter uncertainty, eg, in severe cases
averted, an expected value of perfect information (EVPI)
analysis was conducted.

To account for decision-maker risk attitudes and
explore the trade-off between cost and effectiveness
under uncertainty, a cost-effectiveness risk-aversion

Page 4 of 10

curve (CERAC) analysis was conducted [38, 39]. For
example, a 70% probability that an intervention is
cost effective carries a non-insignificant risk that the
intervention may not be so when implemented. Risk-
averse decision-makers may therefore be hesitant to
implement it. The CERAC adjusts for the risk that the
intervention performs below a minimum acceptable
threshold, i.e., downside risk. The CERACs were
calculated for a range of CETs, depicting the relationship
between these thresholds and the expected benefit-to-
downside risk ratio for interventions below the threshold
[38, 39]. The steps above were repeated by adding
putative CHW monthly salaries using $1 increments
from $1 to $150 to the costs. Data manipulation, analyses,
and visualizations were performed using Python version
3.8 (Python Software Foundation, https://www.python.
org/).

Results

The estimated startup costs for Farafangana were $63,070
(Table 1), with trainings accounting for 59% and vehicles/
motorcycles for 17%. The overall cost for one year of age-
expanded mCCM in Farafangana was $794,000, with 91%
of the costs spent on RDTs and antimalarials. The average
RDT cost of $1.99 included assorted consumables (e.g.,
gloves and lancets), with the kit itself comprising 58% of

Table 1 Key results from an analysis assessing costs and cost effectiveness of expanding malaria community case management to all
ages in Farafangana, Madagascar from November 2019 to December 2021

Indicator Mean Range (95% Cl)
Annual health facility consultations averted 200,275.1 135,703.7,285,122.9]
Annual hospitalizations averted 1699.2 171.0,6993.9]

Deaths averted per year 99.6 60.9, 154.6]

Additional cases seen annually per CHW 2943 199.8-419.7]
Incremental CHW* hours per year 110.5 72.0,157.4]

Startup costs $63,210.2 $50,270.9, $77,918.8]
Admissions costs averted $180,637.9 $17,792.6,$756,770.1]
Clinic costs averted $696,546.5 $472,720.4, $990,598.4]

DALYs averted®

Productivity benefits

Caretaker benefits

Averted deaths benefits (elasticity 1.4)
Inpatient daily hotel costs

CE® threshold

ICERA health system

ICERA societal perspective (no deaths)
ICERA societal perspective (with deaths)

$178,907.97 $98,213.00, $305,963.64]
$328,908.15 $247,732.54, $439,707.53]
$344,014.63 $210,648.39, $534,195.37]
$6.51 $4.75, $8.55]
$132.92 $25.60, $690.2]
-$21.86 $136.93, $95.63]
~$13564 $1,918.45,35.89]

[
[
[
(
[
i
[
i
37217 [2,054.2,4,863.1]
[
(
[
i
[
-
-
-$243.29 [-$2,056.15,-$49.31]

* CHW—community health worker

# DALY—disability adjusted life year

$ CE—cost-effectiveness
AICER—incremental cost-effectiveness ratio
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the cost. It was estimated that each CHW will attend to
an average of 294 additional patients per year (roughly
one per day), resulting in an additional 111 h of work per
year (Table 1 and Supplementary Tables 1 and 2).

Using the health opportunity cost approach [25]
yielded a CET estimate of $133[95% CI: $26, $690] per
DALY averted. This CET is significantly lower than the
GDP-based $690 per DALY averted, or $345 per DALY
averted based on 0.5 GDP per capita threshold [40].
However, it is slightly higher than previous estimates of
$83[$26-$130] per DALY threshold for Madagascar [28].
Income elasticity thresholds above 1.5 to estimate the
CET led to unrealistically low estimates. The value of a
statistical life year of $1,328 was estimated for Madagas-
car using the baseline elasticity of 1.4 [26]. The baseline
scenario was, therefore, a CET of $133 per DALY averted,
a discount rate of 3%, and no CHW remuneration.

Age-expanded mCCM was dominant—it cost less and
yielded more benefit (hence negative ICERs). ICERs
from the heath system perspective were —$22 [-$137,
$99] (see Suppl. Fig. S3), indicating that inclusion of all
ages costs less and yields more benefit than including
CUS5 only. From the societal viewpoint, the ICER was
—$136[-$1,918, 36] without mortality benefits, and -$243
[-$2,056, -$49] per DALY averted if mortality benefits are
included (see Figs. 1 and Suppl Fig. S3).
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The choice of willingness to pay thresholds ($ per
DALY averted) significantly impacted the probability
that the intervention was cost-effective when using
a compensation of $100 per month per CHW. All
simulations assuming no compensation fall in the
southeast quadrant—meaning the intervention is
dominant.

There was greater than 80% probability that age-
expanded mCCM was cost-effective with monthly
CHW wages up to $45 from a health system perspective
and up to $125 from a societal perspective (Fig. 2;
Supplementary Tables 3 and 4).

Assuming no budgetary increase and no CHW
remuneration, there is a 57% probability that the age-
expanded mCCM is both cost-effective and affordable
(feasible) from the health system perspective. A health
sector budgetary increase of $100,000 raises this
probability to 84% (Fig. 3). With monthly salaries of $50,
the budgetary allocation to ensure that the intervention
is feasible rises to $530,000.

In net monetary benefit terms, the intervention
could save Farafangana District $496,849 [$166,437,
$1,120,823] per year under the base scenario (Suppl Fig.
S4). This rises to $827,980 from the societal perspective
without averted deaths included and $1,172,284 with
averted deaths included.

CEA Expanded MCCM Madagascar

Societal perspective (mortality benefits included)

$4,000,000 o - Compensation
o e 8100
W = - -~ . $1
8 - *
Q  $2,000,000 bt
———— '_ —u r_ :w/ ” SRR . T A L —— l
~4000 2000 .~ 8000
_o*" $-2,000,000 ADALYS
$4,000,000 —
CE Threshold
—=—= $26/DALY
$.6.000.000 — $133/DALY
o ——~ $690/DALY

Fig. 1 Cost-effectiveness analysis plane from a societal perspective comparing the impact of nominal compensation of $1 for CHWs versus $100

per month
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Cost effectiveness acceptability Madagascar Expanded MCCM

Societal perspective: Mortality Impacts
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Fig. 2 Cost effectiveness acceptability curve with willingness-to-pay thresholds on the x-axis. The vertical dashed line represents a threshold

of $133 per DALY averted

In the risk analysis using cost-effectiveness risk-aver-
sion curve (CERACs) from a health system perspec-
tive, the net benefit-to-risk ratio is approximately 40
at a CET of $133 per DALY averted, and the interven-
tion is virtually riskless above CETs of $185 per DALY
averted (Suppl Fig. S5). The intervention is virtually
riskless from a societal perspective. The health system
perspective EVPI analysis yielded a value of $20.31,
suggesting marginal potential economic benefits from
further studies in this context.

Sensitivity analyses

Sensitivity analyses revealed that, from the health
system perspective, most uncertainty stemmed from
assumptions regarding the number of admissions
averted and facility costs saved.

Conversely, from the societal perspective, uncer-
tainty primarily revolved around assumptions about
income elasticity values, utility weights, and produc-
tivity days gained (Sppl Figs S6 and S7). In both per-
spectives, there was minimal uncertainty concerning
drug and other consumable costs.

Discussion
This study examined the economic ramifications of
expanding mCCM to those over-5 years in a rural district
in Madagascar. The intervention would cost the district
health system approximately $794,000 annually, assuming
CHWs are not paid, with drugs and RDTs accounting for
over 91% of the costs. If CHWs were remunerated at $50
per month, the annual budget for the expanded project
would rise to $1.2 million. It was estimated that the age-
expanded mCCM programme would avert approximately
1,700 additional severe malaria cases annually, translat-
ing to an extra 100 deaths and 3,722 DALYs averted per
year. The age-expanded mCCM was dominant (costing
less and yielding more benefits) compared to status quo:
-$22 per DALY averted from the health system perspec-
tive; -$136 the societal perspective without deaths; and
-$243 from the societal perspective with deaths included.
These findings are highly sensitive to the choice of
CETs, level of CHW compensation, and projections of
deaths averted. For example, the intervention is cost
effective under all scenarios assuming half the GDP-
based CET [28, 41] of $345 per DALY averted and
wages of $100 (Figs. 1 and 2). This declines to 59% if an
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Madagascar Expanded MCCM Project
10 Extra Budget
— K0
——— $100,000

. 08 —— $200,000
= —— $300,000
B —— $400,000
=

L —— $500,000
[ 06 —

3 $600,000
§ —— $700,000
? $800,000
S 04 —— $900,000
;E —— $1,000,000
8 —— §1,100,000
T 02 —— $1,200,000

0.0

T T T
0 $100 $200 $300 $400

$500 $600 $700

CEAThreshold $ per DALY Averted

Assume compensation of $50 per month

Fig. 3 Cost-effectiveness affordability curve assuming a monthly salary of $50. Each curve represents the potential impact of a budgetary increase

on affordability

estimated CET of $133 is used. Researchers conducting
similar analyses should consider conducting sensitivity
analyses around the choice of CETs [24, 25]. While the
estimated CET was higher than $83, the intervention was
still found to be cost effective under this threshold.

From the health system perspective, there is a 50%
chance that the intervention is both effective and afford-
able if no additional funds are allocated to the project.
This rises to 83% with a budgetary allocation of $100 K
and no CHW remuneration. From the recommended
societal perspective, the analyses suggest that the govern-
ment could compensate CHWSs between $50 and $140
per month while still achieving cost-effectiveness. This
assumes that the government could transfer some of the
economic benefits arising from increased productivity to
CHW compensation.

A Mozambiquan study, while not looking at malaria,
found that a $45 monthly CHW salary would increase
the health budget by 362% but simultaneously increase
by 56% the number of beneficiaries reached [42]. Tay-
lor et al. found that it is unlikely for countries with GDP
per capita under $1,200 to afford monthly CHWSs of $80
without donor assistance [43]. It was estimated that pay-
ing all CHWSs in Madagascar the minimum agricultural

wage of $45 per month from the central budget would
cost the country $19 million per year, or a per capita
increase in health expenditure of $0.69. This translates to
an increase of 13.8% of the national health salary budget,
based on the 2022 health budget of $141 million [44]. It
is unclear if Madagascar or donors have the fiscal space
for this.

Investing in age-expanded mCCM has minimal risk
from a health system perspective, especially with CETs
above $186 (Suppl. Fig. S5). The intervention is virtually
riskless from a societal perspective with the potential
economic benefits substantially outweighing any resid-
ual uncertainties [37, 38]. The CERAC results alongside
the EVPI ones that show minimal economic benefit of
additional studies in the Farafangana context to obtain
perfect data increase confidence that the intervention is
worth implementing.

Direct patient productivity gains ($178,908) were
less than productivity gains accrued through reduced
caregiver time ($328,908). Productivity estimates are
conservative because benefits stemming from earlier
therapeutic intervention in those below the legal working
age are omitted, though some are economically produc-
tive. It was assumed that there is an inverse relationship
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between age, number of malaria cases, and disease sever-
ity. Therefore, while the productivity impacts of younger
individuals are ignored, their caretaking costs are still
incorporated.

From the health system perspective, the primary
sources of uncertainty stemmed from assumptions
around the CETs, the number of severe malaria cases,
and the number of health facility visits averted. Con-
versely, from the societal perspective, the results were
most sensitive to assumptions around the CET, the num-
ber of severe malaria cases and deaths averted, and the
choice of income elasticities used in estimating the value
of statistical life years (Suppl Fig. S7). However, even
under the most conservative assumptions, the interven-
tion remained cost-effective.

This study has several limitations. The impact of com-
pensation against incremental malaria cases seen and
not against the range of services CHWs currently offer,
e.g., treatment of diarrhoea and pneumonia among CU5
were considered. Therefore, the incremental impacts are
conservative. GDP- deflated WHO CHOICE estimates
from 2010 were used to estimate non-treatment out- and
in-patient facility overheads. For instance, the weighted
per patient outpatient visit cost, including personnel,
utilities, capital, and equipment (but excluding drugs
and other commodities) were estimated to be $1.49. This
adjusted value may not reflect the current costs of these
items [45]. Despite this, findings of this study align with
other studies. For example, Hansen et al. [46] estimated
the incremental costs of treating a child with malaria in
a moderate to high transmission area at $3.00; using the
same metric, this analysis estimates $3.06.

It was also assumed that the services will be offered
seamlessly, with no gaps in service provision or supply
chain following transition from study conditions [47].
However, previous experience shows that this may be
unrealistic. The potential impacts that increased work-
loads will have on CHW motivation/retention if they are
not remunerated were not addressed. Moreover, other
potential macroeconomic benefits of extra malaria cases
averted by the age-expanded mCCM were not accounted
for, for example education outcomes or agricultural
productivity [48], nor were the equity benefits of the
expanded programme considered.

Age-expanded mCCM can significantly reduce the
malaria burden in underserved rural areas by improv-
ing access to essential services and addressing health-
care inequities. The cost-effectiveness and risk aversion
analysis provide strong evidence for policymakers,
showing favourable economic value with minimal
risk. Despite evidence gaps, these results highlight the
need for national authorities to revisit mCCM policies,
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including care for all ages and implementing suitable
compensation schemes to strengthen community-based
healthcare delivery.

Abbreviations

ACT Artemisinin-based combination therapy
CE Cost-effectiveness
CEAC Cost-effectiveness acceptability curves

CEAFC  Cost-effectiveness affordability curves
CERAC  Cost-effectiveness risk-aversion curve
CET Cost effectiveness analysis threshold

CHW Community health workers

iCCM Integrated community case management
ICER Incremental cost-effectiveness ratios
DALY Disability-Adjusted Life Year

EVPI Expected value of perfect information
GDP Gross domestic product

mCCM  Malaria community case management
PSA Probabilistic sensitivity analyses

RDT Rapid diagnostic tests
SSA Sub-Saharan Africa
VSLY Value of statistical life year

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512936-025-05381-y.

[ Supplementary material 1 }

Acknowledgements

The authors are grateful to the field staff at IPM and Inter Aide in Farafangana
for their support with field activities. Thanks are due to the Madagascar
Ministry of Health, at the district, regional, and central levels, for their continu-
ous support and valuable insights. The authors also thank all data collectors
involved in the surveys. Finally, the authors extend a particular acknowledge-
ment to the CHWs of Farafangana for their study efforts and their ongoing
care in the communities they serve, and to the community leaders for their
support.

Disclaimer

The findings and conclusions in this paper are those of the authors and do
not necessarily represent the official position of the US Centers for Disease
Control and Prevention, the President’s Malaria Initiative, or Institut Pasteur de
Madagascar.

Author contributions

WO, JRG, and LS conceptualized the work. WO conducted the analyses and
generated the tables and figures using experimental data provided by CD, AH,
JI, AM, AG, HLR, OR, and LS. WO, JRG, LS, CD and AG drafted the manuscript. All
authors reviewed and approved the final version. All authors had full access to
all the data in the study. WO, JRG, and LS had final responsibility for the deci-
sion to submit for publication.

Funding

This work was supported by the United States Agency for International
Development (USAID) Research, Innovation, Surveillance and Evaluation (RISE)
Program Cooperative Agreement no. 72068719 CA00001. Financial support for
this study was provided by the US President’s Malaria Initiative (US PMI). USAID
and PMI teams were engaged in designing the study but were not engaged

in data collection or analysis. USAID and PMI teams were permitted to review
the manuscript and suggest changes, but the final decision on content was
exclusively retained by the authors.

Availability of data and materials

The datasets supporting the conclusions of this article are included within the
article (and its additional files). Analytic code used to generate the results in
this article is available on github (https://github.com/wobiero/Madagascar-
CEA/blob/main/Copy_of_mada_mccm.ipynb).


https://doi.org/10.1186/s12936-025-05381-y
https://doi.org/10.1186/s12936-025-05381-y
https://github.com/wobiero/Madagascar-CEA/blob/main/Copy_of_mada_mccm.ipynb
https://github.com/wobiero/Madagascar-CEA/blob/main/Copy_of_mada_mccm.ipynb

Ochieng et al. Malaria Journal (2025) 24:141

Declarations

Ethics approval and consent to participate

This study utilized data collected under approved by the Madagascar National
Ethics Committee for Biomedical Research (authorization no. 59-MSANP/
SG/AGMED/CNPV/CERBM, amendment no. 95-MSANP/SG/AGMED/CNPV/
CERBM) and by the Centers for Disease Control and Prevention’s institutional
review board (CDC Protocol no. 7230). The trial was registered at PACTR
(#PACTR202001907367187). Adult participants provided written informed
consent for the household interview during baseline and end line surveys.
Parents or guardians provided written consent for children under 15 years of
age for the capillary blood collection during surveys, and children 7-14 years
also provided written assent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

! Global Health Center, US Centers for Disease Control and Prevention, Atlanta,
GA, USA. “National Center for Emerging and Zoonotic Infectious Diseases, US
Centers for Disease Control and Prevention, Atlanta, GA, USA. 3USS. President’s
Malaria Initiative, US Centers for Disease Control and Prevention, Atlanta, GA,
USA. “Unité d'épidémiologie et de Recherche Clinique, Institut Pasteur de
Madagascar, Antananarivo, Madagascar. °Programme National de Lutte Contre
le Paludisme, Ministére de la Santé Publique de Madagascar, Antananarivo,
Madagascar. ®Management Sciences for Health, Antananarivo, Madagascar.
’US. President’s Malaria Initiative, USAID, Antananarivo, Madagascar.

Received: 6 December 2024 Accepted: 22 April 2025
Published online: 04 May 2025

References

1. Sarma N, Patouillard E, Cibulskis RE, Arcand JL. The economic burden of
malaria: revisiting the evidence. Am J Trop Med Hyg. 2019;101:1405-15.

2. WHO. World Malaria Report 2023. Geneva: World Health Organization,
2023.

3. Evans MV, Andreambeloson T, Randriamihaja M, Ihantamalala F, Cordier
L, Cowley G, et al. Geographic barriers to care persist at the community
healthcare level: Evidence from rural Madagascar. PLoS Glob Public
Health. 2022;2: €0001028.

4. Oliphant NP, Manda S, Daniels K, Odendaal WA, Besada D, Kinney M,
et al. Integrated community case management of childhood illness
in low- and middle-income countries. Cochrane Database Syst Rev.
2021;2:CD012882.

5. Ashton RA, Hamainza B, Lungu C, Rutagwera M|, Porter T, Bennett A, et al.
Effectiveness of community case management of malaria on severe
malaria and inpatient malaria deaths in Zambia: a dose-response study
using routine health information system data. Malar J. 2023;22:96.

6. Garchitorena A, Harimanana A, Irinantenaina J, Razanadranaivo HL,
Rasoanaivo TF, Sayre D, et al. Expanding community case management of
malaria to all ages can improve universal access to malaria diagnosis and
treatment: results from a cluster randomized trial in Madagascar. BMC
Med. 2024;22:231.

7. LudwickT, Brenner JL, Kyomuhangi T, Wotton KA, Kabakyenga JK. Poor
retention does not have to be the rule: retention of volunteer community
health workers in Uganda. Health Policy Plan. 2014;29:388-95.

8. Ormel H, Kok M, Kane S, Ahmed R, Chikaphupha K, Rashid SF, et al.
Salaried and voluntary community health workers: exploring how
incentives and expectation gaps influence motivation. Hum Resour
Health. 2019;17:59.

9. Ministere de la Santé Publique de Madagascar. Politique Nationale de
Santé Communautaire. Antananarivo, 2017.

10. WHO. World Health Organization Choosing Interventions that are Cost-
Effective project (WHO-CHOICE ). Geneva: World Health Organization,
2021.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 9 of 10

. Mousa A, Al-Taiar A, Anstey NM, Badaut C, Barber BE, Bassat Q, et al.

The impact of delayed treatment of uncomplicated P, falciparum
malaria on progression to severe malaria: asystematic review and

a pooled multicentre individual-patient meta-analysis. PLoS Med.
2020;17:€1003359.

Alonso S, Chaccour CJ, Elobolobo E, Nacima A, Candrinho B, Saifodine
A, et al. The economic burden of malaria on households and the

health system in a high transmission district of Mozambique. Malar J.
2019;18:360.

Brewster DR, Kwiatkowski D, White NJ. Neurological sequelae of cerebral
malaria in children. Lancet. 1990;336:1039-43.

Winskill P, Dhabangi A, Kwambai TK, Mori AT, Mousa A, Okell LC.
Estimating the burden of severe malarial anaemia and access to hospital
care in East Africa. Nat Commun. 2023;4:5691.

White NJ. Anaemia and malaria. Malar J. 2018;17:371.

. Global Burden of Disease Network. Global Burden of Disease Study 2019.

Institute for Health Metrics and Evaluation, Seattle, 2020.

Krol M, Brouwer W. How to estimate productivity costs in economic
evaluations. Pharmacoeconomics. 2014;32:335-44.

Manzi F, Schellenberg J, Hamis Y, Mushi AK, Shirima K, Mwita A, et al.
Intermittent preventive treatment for malaria and anaemia control in
Tanzanian infants; the development and implementation of a public
health strategy. Trans R Soc Trop Med Hyg. 2009;103:79-86.

Tani K, Stone A, Exavery A, Njozi M, Baynes CD, Phillips JF, et al. A time-
use study of community health worker service activities in three rural
districts of Tanzania (Rufiji, Ulanga and Kilombero). BMC Health Serv Res.
2016;16:461.

Kasteng F, Settumba S, Kallander K, Vassall A. inSCALE Study Group
Valuing the work of unpaid community health workers and exploring
the incentives to volunteering in rural Africa. Health Policy Plan.
2016;31:205-16.

Turner HC, Toor J, Bettis AA, Hopkins AD, Kyaw SS, Onwujekwe O, et al.
Valuing the unpaid contribution of community health volunteers to mass
drug administration programs. Clin Infect Dis. 2019,68:1588-95.

Polsky D, Glick HA, Willke R, Schulman K. Confidence intervals for
cost-effectiveness ratios: a comparison of four methods. Health Econ.
1997,6:243-52.

WHO. Macroeconomics and health: investing in health for economic
development. Geneva: World Health Organization 2001.

Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresholds for the cost-
effectiveness of interventions: alternative approaches. Bull World Health
Organ. 2015;93:118-24.

Woods B, Revill P, Sculpher M, Claxton K. Country-level cost effectiveness
thresholds: Initial estimates and the need for further research. Value
Health. 2016;19:926-35.

Hammitt JK, Robinson LA. The income elasticity of the value of statistical
life: transferring estimates between high and low income populations. J
Benefit-Cost Anal. 2011;2:1-29.

Robinson LA, Hammitt JK, O'Keeffe L. Valuing mortallity risk reductions in
global benefit-cost analysis. J Benefit-Cost Anal. 2019;10(Suppl 1):15-50.
Pichon-Riviere A, Drummond M, Palacios A, Garcia-Marti S, Augustovski
F. Determining the efficiency path to universal health coverage:
cost-effectiveness thresholds for 174 countries based on growth

in life expectancy and health expenditures. Lancet Glob Health.
2023;11:e833-42.

Gentry EP, Viscusi WK. The fatality and morbidity components of the value
of statistical life. J Health Econ. 2016;46:90-9.

World Bank. Global Wellness Economic Monitor. 2024. https://globalwell
nessinstitute.org/industry-research/2024-global-wellness-economy-
monitor/

Zhang J, Cui S. Investigating the number of monte carlo simulations for
statistically stationary model outputs. Axioms. 2023;12:481.

Fenwick E, Claxton K, Sculpher M. Representing uncertainty: the role of
cost-effectiveness acceptability curves. Health Econ. 2001,0:779-87.
Fenwick E, O'Brien BJ, Briggs A. Cost-effectiveness acceptability
curves—facts, fallacies and frequently asked questions. Health Econ.
2004;13:405-15.

Lomas JRS. Incorporating affordability concerns within cost-
effectiveness analysis for health technology assessment. Value Health.
2019;22:898-905.


https://globalwellnessinstitute.org/industry-research/2024-global-wellness-economy-monitor/
https://globalwellnessinstitute.org/industry-research/2024-global-wellness-economy-monitor/
https://globalwellnessinstitute.org/industry-research/2024-global-wellness-economy-monitor/

Ochieng et al. Malaria Journal (2025) 24:141

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Pearson SD. The ICER value framework: integrating cost effectiveness
and affordability in the assessment of health care value. Value Health.
2018;21:258-65.

Sendi PP, Briggs AH. Affordability and cost-effectiveness: decision-making
on the cost-effectiveness plane. Health Econ. 2001;10:675-80.

Sendi P, Matter-Walstra K, Schwenkglenks M. Handling uncertainty in
cost-effectiveness analysis: budget impact and risk aversion. Healthcare
(Basel). 2021;9:1419.

Sendi P. Dealing with bad risk in cost-effectiveness analysis: the cost-
effectiveness risk-aversion curve. Pharmacoeconomics. 2021;39:161-9.
Elbasha EH. Cost-effectiveness risk-aversion curves. comparison of
risk-adjusted performance measures and expected-utility approaches.
Pharmacoeconomics. 2022;40:497-507.

Kazibwe J, Gheorghe A, Wilson D, Ruiz F, Chalkidou K, Chi YL. The use of
cost-effectiveness thresholds for evaluating health interventions in low-
and middle-income countries from 2015 to 2020: a review. Value Health.
2022,25:385-9.

Ochalek J, Lomas J, Claxton K. Estimating health opportunity costs in low-
income and middle-income countries: a novel approach and evidence
from cross-country data. BMJ Glob Health. 2018;3: €000964.

Bowser D, Okunogbe A, Oliveras E, Subramanian L, Morrill T. A cost-
effectiveness analysis of community health workers in Mozambique. J
Prim Care Community Health. 2015;6:227-32.

Taylor C, Griffiths F, Lilford R. Affordability of comprehensive community
health worker programmes in rural sub-Saharan Africa. BMJ Glob Health.
2017,2: e000391.

Institute for Health Metrics and Evaluation, . Financing Global Health.
University of Washington, 2024.

Stenberg K, Lauer JA, Gkountouras G, Fitzpatrick C, Stanciole A.
Econometric estimation of WHO-CHOICE country-specific costs for
inpatient and outpatient health service delivery. Cost Eff Resour Alloc.
2018;16:11.

Hansen KS, Ndyomugyenyi R, Magnussen P, Lal S, Clarke SE. Cost-
effectiveness analysis of malaria rapid diagnostic tests for appropriate
treatment of malaria at the community level in Uganda. Health Policy
Plan. 2017;32:676-89.

Shelton JD. Evidence-based public health: not only whether it works, but
how it can be made to work practicably at scale. Glob Health Sci Pract.
2014;2:253-8.

Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med Hyg.

2001,64:85-96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Bringing malaria diagnosis and treatment closer to the people: economic rationale for expanding malaria community case management to all ages in a rural district in Madagascar
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Decision tree model
	Model parameters
	Costs
	Disability-adjusted life years (DALYs) averted
	Cost effectiveness analysis threshold (CET) and value of statistical life year (VSLY)
	Discount rate and exchange rate
	Sensitivity analyses, acceptability, affordability, and risk aversion

	Results
	Sensitivity analyses

	Discussion
	Acknowledgements
	References


