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I. Calculations and assumptions for select decision tree model parameters 

Under-five malaria cases per quintile
Using data from the 2019 World Malaria Report, the U.S. President’s Malaria Initiative Nigeria Malaria Operational Plan for 2020, and the 2018 Nigeria DHS, the annual number of under-five malaria cases in Nigeria was estimated by multiplying the annual number of global cases by the proportion of all global cases attributable to Nigeria, and then multiplying by the proportion of cases in Nigeria attributable to under-fives.1,2,3 Values are shown in table 1:
	Table 1: Under-five malaria in Nigeria

	Variable
	Value

	Global cases
	228,000,000

	Proportion attributable to Nigeria
	0.25

	Proportion of cases in Nigeria attributable to under-fives
	0.41

	Number of under-five cases in Nigeria
	23,370,000



 
	




The number of under-five malaria cases per quintile was then determined by multiplying the total number of under-five cases in Nigeria by the proportion of cases attributable to each quintile. The proportion of cases attributable to each quintile was estimated using prevalence data from the 2018 Nigeria DHS, which reports prevalence per quintile in two samples of children tested using RDTs and microscopy (total of around 20,000 under-fives across both samples)3 Prevalence and sample size per quintile are reported in table 2. The calculated total number of cases per quintile and proportion of total cases attributable to each quintile are shown in table 3: 
	
Table 2: Prevalence of under-five malaria based on RDT and microscopy

	Wealth quintile
	Prevalence (RDT group)
	Sample size (RDT group)
	Prevalence (microscopy)
	Sample size (microscopy)

	Q5
	0.107
	2321
	0.057
	1731

	Q4
	0.259
	2377
	0.147
	1765

	Q3
	0.386
	2398
	0.242
	1750

	Q2
	0.503
	2230
	0.336
	1572

	Q1
	0.571
	2115
	0.384
	1479



	Table 3: Proportion of under-five malaria cases attributable to each wealth quintile

	Wealth quintile
	Number positive (RDT group)
	Proportion of total positive cases
	Number positive (microscopy group)
	Proportion of total positive cases
	Average proportion of total cases 

	Q5
	248
	0.060
	99
	0.053
	0.056

	Q4
	616
	0.149
	259
	0.138
	0.144

	Q3
	926
	0.225
	424
	0.226
	0.225

	Q2
	1122
	0.272
	528
	0.281
	0.277

	Q1
	1208
	0.293
	568
	0.302
	0.298

	Total
	4119
	
	1,878
	
	



While there are large differences in estimated malaria prevalence based on the use of either RDTs or microscopy, the proportion of total cases attributable to each quintile is quite similar across both diagnostic methods. The total number of cases per quintile was then found by multiplying the estimated proportion of cases attributable to each quintile by the total number of cases found from table 1, as shown in table 4: 

	Table 4: Under-five malaria cases per quintile

	Wealth quintile
	Proportion of total cases (from table 3)
	Number of cases 

	Q5
	0.056
	1,318,521

	Q4
	0.144
	3,361,056

	Q3
	0.225
	5,261,275

	Q2
	0.277
	6,468,963

	Q1
	0.298
	6,960,185

	Total
	1
	23,370,000



Efficacy of ACT given non-adherence
The efficacy of ACTs (i.e., treatment success resulting in adequate parasitological and clinical response) for uncomplicated cases was found in the literature, which estimated a theoretical APCR of 98.3% for children under the age of five.4 However, the efficacy of ACT in practice is dependent on adherence. On account of a dearth of empirical evidence, a within-host modelling study was consulted to determine the influence of imperfect adherence on ACT efficacy.5
 The study reported that imperfect adherence results in a treatment failure rate of 9% compared to 4% with perfect adherence, corresponding to an effect size of 0.947 (i.e., the efficacy of ACT with imperfect adherence is 94.7% of the efficacy with perfect adherence), as shown in table 5. In other words, we estimated the efficacy of ACT with imperfect adherence to be 0.983 * 0.947 = 93%. 

	Table 5: Effect size of imperfect adherence on ACT efficacy

	Variable
	Modelled ACT efficacy

	With adherence
	0.96

	With imperfect adherence
	0.91

	Ratio of efficacy with imperfect adherence to efficacy with adherence
	0.947









Efficacy of non-ACT treatment
The efficacy of non-ACTs in producing APCR was estimated by taking the average efficacy of chloroquine and all other non-ACT treatments as reported in a published malaria modelling study, shown in table 66:
	Table 6: Efficacy of non-ACTs

	Treatment
	Efficacy

	Chloroquine
	0.54

	All others
	0.73

	Average
	0.63



Adherence to ACT
Associations between socioeconomic status and adherence to ACT are documented, though the exact effect size is difficult to measure empirically. Therefore, the value for adherence reported in published literature was assumed to be the adherence for the middle quintile (0.76).7 Adherence for successively higher quintiles was assumed to be 5% higher, while adherence for successively lower quintiles was assumed to be 5% lower, as shown in table 7: 

	Table 7: Adherence to ACT based on socioeconomic status

	Wealth Quintile
	Adherence

	Q5
	0.86

	Q4
	0.81

	Q3
	0.76

	Q2
	0.71

	Q1
	0.66











OOP costing
OOP direct medical costs per outpatient and inpatient case were calculated by summing the unit costs of malaria services reported in unpublished data from the forthcoming Duke HSDF Costing Study, which provides average direct medical and non-medical costs of pediatric malaria case-management in health facilities across four study sites in Nigeria (Lagos, FCT Abuja, Imo, and Kaduna). Itemized direct medical costs were reported in 2013 Naira and had to be converted to 2020 Naira using a cumulative inflation rate of 1.99; the cost in 2020 Naira was then converted to 2020 USD using a conversion rate of 380 Naira/USD, the average exchange rate for 2020.8,9 Direct medical costs per treated case are summarized in table 8:
	Table 8: Direct medical unit costs for treating under-five malaria using Duke HSDF study

	Item
	Outpatient Costs (2013 Naira)
	Outpatient Costs (2020 Naira)
	Outpatient Costs (2020 USD)
	Inpatient Costs (2013 Naira)
	Inpatient Costs (2020 Naira)
	Inpatient Costs (2020 USD)

	Consultation
	677
	1,350
	3.55
	677
	1,350
	3.55

	Microscopy
	348
	694
	1.82
	348
	694
	1.82

	Drugs (ACT)*
	498
	993
	2.61
	670
	1,337
	3.51

	Hospital stay**
	0
	0
	0.00
	5,795
	11,556
	30.37

	Total
	1,523
	3,037
	7.98
	12,078
	24,086
	39.25



*The cost of drugs for outpatient cases was calculated by multiplying the unit cost of Artemether/Lumefantrine (ACT) per tab by the recommended treatment prescription for under-fives as per WHO guidelines (6 tabs).10 The cost of drugs for inpatient cases was calculated by summing the cost of a course of parenteral Artemether (in lieu of Artesunate, which was not included in the HSDF study) with the unit cost of an ACT treatment course, as per WHO treatment guidelines.11
**The total cost of hospital stay for inpatient cases was calculated by multiplying the hospital fee per day by the average number of days spent inpatient (5) for cases of severe under-five malaria, as reported in prior studies12

The outpatient direct medical cost for cases treated without ACTs was estimated as $6.29 (2020 USD), estimated by adding the average cost of non-ACT drugs in Nigeria, as reported in a previous malaria modelling study, to the remaining costs of case management (clinical consultation and testing), as reported in the Duke HSDF costing study in table 8.6 Calculations of estimated average non-ACT drug costs are summarized in table 9: 
	Table 9: Non-ACT drug costs (2020 USD)

	Facility
	Chloroquine
	Other

	Private
	0.41
	1.4

	Pharmacy
	0.51
	1.47

	Retail
	0.25
	1.47

	Average
	0.39
	1.45

	Overall average
	0.92





	


The Duke HSDF costing study also reports data on nonmedical costs (transportation to and from the health facility); however, these data are limited because they represent average costs across a broad range of services. Nonmedical costs were reported from 2019, so inflation rates were not applied, and costs were converted directly to USD, summarized in table 10:
	Table 10: Nonmedical unit costs of treating under-five malaria using Duke HSDF study

	Item
	Outpatient (2019 Naira)
	Outpatient (2020 USD)
	Inpatient (2019 Naira)
	Inpatient (2020 USD)

	Transportation
	446
	1.17
	446
	1.17

	Food
	415
	1.09
	1137
	2.99

	Total
	861
	2.26
	1583
	4.16







Nonmedical costs were assumed to be the same across quintiles due to a lack of empirical data, but this assumption is likely flawed because poorer individuals living in rural areas may incur greater travel time to health facilities than wealthier individuals living in urban areas. 
Indirect costs per case per quintile were estimated by multiplying the median daily individual income per quintile by the number of days lost to caregiving for a case of under-five malaria. Outpatient cases were assumed to incur a loss of one productive day, while inpatient cases were assumed to incur a loss of 6.1 productive days on average, as reported in the literature.13 Income was estimated by extracting per capita annual consumption per quintile from Wave 3 of the Nigeria Household Living Standard Survey, 2015-2016, using Stata.14 A cumulative inflation rate of 1.45 was applied for the conversion of consumption in 2016 Naira to 2020 Naira. Per capita annual consumption per quintile was divided by 365 to estimate daily per capita income per quintile. 
Consumption was used to proxy income because it is generally considered to be a better, more reliably measured metric of well-being in low-and middle-income due to a large informal sector.15,16 Calculations for estimating indirect costs per malaria case are summarized in tables 11 and 12:  
	Table 11: Per capita consumption extracted from Nigeria Household Living Standard Survey (2015-2016), Wave 3

	Wealth quintile
	Median annual consumption (2016 Naira)
	Median annual consumption (2020 Naira)
	Median annual consumption (2016 USD)
	Median annual consumption (2020 USD)
	Median daily consumption (2020 USD)

	Q5
	301,481
	438,644
	1,507
	1,153
	3.16

	Q4
	162,162
	235,940
	811
	620
	1.70

	Q3
	108,200
	157,427
	541
	414
	1.13

	Q2
	74,406
	108,258
	372
	285
	0.78

	Q1
	46,716
	67,970
	234
	179
	0.49



	Table 12: Indirect unit cost of treating under-five malaria (2020 USD)

	Wealth quintile
	Outpatient
	Inpatient 

	Q5
	3.16
	19.27

	Q4
	1.70
	10.36

	Q3
	1.13
	6.91

	Q2
	0.78
	4.75

	Q1
	0.49
	2.99

















II. Further decision tree specifications 

Node 9 of the parent tree branches into cases treated without ACT where treatment failure occurs (Fig 1) (note: color coding differs from diagrams in main text). Nodes 17 and 24 of the parent tree branch into cases treated with ACT where treatment failure occurs (given adherence and non-adherence, respectively) (Fig 2). Node 9 is identical in structure to nodes 17 and 24 but differs in cost parameters for each terminal node, reflecting the difference in cost between ACT and non-ACT treatment scenarios. A summary of all terminal nodes and associated cost assignments is reported in table 13. 

Fig 1. Node 9
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Fig 2. Nodes 17, 24
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	Table 13: Summary of costing assignments for terminal nodes

	Node
	Treatment Condition 
	Cost Assignment

	2, 3, 6, 7
	No treatment sought 
	0

	4, 5
	Treatment sought only after disease progresses to severe
	IP direct medical, IP nonmedical, IP indirect

	8, 10, 11, 14, 15
	Non-ACT treatment sought for uncomplicated cases 
	OP (non-ACT) direct medical, OP direct nonmedical, OP indirect

	12, 13
	Non-ACT treatment sought for uncomplicated cases, treatment sought for complicated cases 
	OP (non-ACT) direct medical, OP direct nonmedical, OP indirect, IP direct medical, IP nonmedical, IP indirect

	16, 18, 19, 18, 22, 23, 24, 25, 26, 29, 30
	ACT treatment sought for uncomplicated cases 
	OP (ACT) direct medical, OP direct nonmedical, OP indirect

	20, 21, 27, 28
	ACT treatment sought for uncomplicated cases, treatment sought for severe cases 
	OP (ACT) direct medical, OP direct nonmedical, OP indirect, IP direct medical, IP nonmedical, IP indirect




*IP denotes inpatient costs, OP denotes outpatient costs
III. Extended cost-effectiveness calculations (decision tree model) 

Deaths averted
Each intervention scenario resulted in a greater number of surviving cases than the base case. Therefore, the number of under-five malaria deaths averted per quintile  through implementing an intervention was estimated by subtracting the number of surviving cases modeled in the base case from the number of surviving cases modelled in the intervention scenario, as follows: 

Where  is the under-five malaria deaths averted per quintile ,  is the number of surviving cases per quintile  in the intervention case, and  is the number of surviving cases per quintile  in the base case. 
OOP expenditure averted
Each intervention scenario resulted in lower OOP expenditure than the base case. Therefore, the OOP expenditure averted per quintile  through implementing an intervention was estimated by subtracting the OOP expenditure modeled in the intervention scenario from the OOP expenditure modeled in the base case, as follows: 

Where  is the OOP expenditure averted per quintile ,  is the OOP expenditure per quintile  in the base case, and  is the OOP expenditure per quintile  in the intervention case.

IV. Extended cost-effectiveness calculations (simple disease model) 

Cases of individual CHE averted
CHE was estimated at the individual level and defined as treatment cost exceeding 10% of annual per capita income, a common threshold of CHE reported in the literature.18 The model is adopted from prior ECEA methodology and follows the basic form: 

Where  is the number of individual cases of CHE per quintile ,  is the unit cost per treatment,  is the number of under-five children per quintile ,  is the cumulative annual incidence of under-five malaria per quintile , is the proportion of individuals who would be afflicted by treatment-related CHE per quintile , and  is the treatment coverage per quintile .17 CHE attributable to outpatient and inpatient cases were calculated separately and added together to estimate total cases of CHE.
, the number of under-five children per quintile, was estimated by dividing the population of Nigeria by the median household size to get the total number of households; this number was then divided by five to get the number of households per quintile; the number of households per quintile was then multiplied by the average number of under-five children per household per quintile to get the total number of children per quintile. Data were available from the 2018 Nigeria DHS, summarized in table 14. In our estimations, the total number of under-fives (about 40 million) represents 20% of the Nigerian population, comparable to estimates of 17% from the United Nations Department of Economic and Social Affairs, Population Division.18 
	Table 14: Nigeria household demographics from 2018 DHS

	Population of Nigeria 
	206,100,000

	Median household size
	5.7

	Estimated number of households 
	36,157,895

	Estimated number of households per quintile 
	7,231,579

	Average number of under-fives per household per quintile (Q1-Q5)
	1.22, 1.07, 0.89, 0.81, 0.72

	Estimated number of under-fives per quintile (Q1-Q5) 
	8,822,526, 7,737,789, 6,436,105, 5,806,958, 5,185,042










	, the annual cumulative incidence of under-five malaria per quintile , was estimated separately for uncomplicated and severe cases.  was estimated using treatment coverage data from the 2018 Nigeria DHS and a study based on Delphi surveys, which estimates a 7% probability that untreated malaria in under-fives progresses to severe.19
Based on these data, the proportion of cases that are uncomplicated vs. severe per quintile was estimated by multiplying the proportion of cases left untreated by the probability that an untreated case progresses to severe (0.07, from the Delphi survey study). The proportion of cases left untreated was assumed to be the proportion of febrile under-fives for whom treatment was not sought (available from the 2018 Nigeria DHS). The resulting calculation yielded an overall proportion of 98.2% uncomplicated cases and 1.8% severe cases across all quintiles; these estimates are corroborated by estimates from the 2020 US President’s Malaria Initiative Operational Plan for Nigeria, which reports that about 98.6% of malaria cases in Nigeria are uncomplicated while about 1.4% progress to severe.2 The proportion of cases that are uncomplicated vs. severe, per quintile, is summarized in table 15:

	Table 15: Proportion of total under-five malaria cases that are uncomplicated and severe 

	Wealth Quintile
	Treatment Sought for Fever
	Treatment Not Sought for Fever
	Proportion of cases that remain uncomplicated (treated * 0.07)
	Proportion of cases that progress to severe (untreated *0.07)

	Q5
	0.852
	0.148
	0.990
	0.010

	Q4
	0.791
	0.209
	0.985
	0.015

	Q3
	0.724
	0.276
	0.981
	0.019

	Q2
	0.704
	0.296
	0.979
	0.021

	Q1
	0.678
	0.322
	0.977
	0.023

	Overall
	0.750
	0.250
	0.982
	0.018




	Based on the proportions in table 15, the annual number of uncomplicated and severe malaria cases per quintile were calculated. Cumulative annual incidence was then calculated by dividing the annual number of cases by the number of children per quintile (), summarized in table 16:
	Table 16: Cumulative annual incidence of uncomplicated and severe malaria

	Wealth quintile
	Total under-five malaria cases
	Uncomplicated cases
	Severe cases 
	Uncomplicated incidence
	Severe incidence

	Q5
	1,318,521
	1,304,861
	13,660
	0.252
	0.003

	Q4
	3,361,056
	3,311,884
	49,172
	0.570
	0.008

	Q3
	5,261,275
	5,159,627
	101,648
	0.802
	0.016

	Q2
	6,468,963
	6,334,926
	134,037
	0.819
	0.017

	Q1
	6,960,185
	6,803,302
	156,883
	0.771
	0.018

	Overall
	23,370,000
	22,960,698
	409,302
	0.643
	0.012



, the proportion of individuals per quintile  who would be afflicted by CHE at a 10% threshold, was calculated using an inverse gamma distribution based on Nigeria’s GNI, Gini index, and income ranges per quintile, which were proxied by consumption data from the Nigeria Household Living Standard Survey, Wave 3 (2015-2016). To the consumption ranges (reported in 2016 Naira), an inflation rate of 1.45 was applied and conversion to USD was done using a rate of 380 Naira per USD. The upper bounds of income for each quintile are summarized in table 17: 

	Table 17: Upper bounds of per capita income proxied by consumption (from Nigeria Household Living Standard Survey, Wave 3)

	 Wealth quintile
	Upper bound consumption (2016 Naira)
	Upper bound consumption (2020 Naira)
	Upper bound consumption (2020 USD)

	Q1
	60,315
	87,756
	230.63

	Q2
	89,726
	130,548
	343.10

	Q3
	130,943
	190,517
	500.70

	Q4
	204,998
	298,265
	783.88

	Q5
	2,750,086
	4,001,279
	10,515.84






The proportion of under-five children with malaria using treatment, was assumed to be the proportion of febrile under-fives for whom treatment is sought, available from the 2018 Nigeria DHS.  was increased from the base case value based on the intervention being modelled. The number of cases of CHE averted in each intervention scenario was calculated by subtracting cases of CHE in the intervention scenario from cases of CHE in the base case, similar to the calculations for deaths averted and OOP expenditure averted.

V. Tabulation of all ECEA Results for Malaria Treatment Subsidies 
	Table 18: Under-five Malaria Deaths Averted 

	Wealth Quintile
	Q1
	Q2
	Q3
	Q4
	Q5
	Total

	50% DMC Subsidy
	1,757
	1,356
	930
	364
	99
	4,506

	Full DMC Subsidy
	3,979
	2,741
	1,677
	772
	114
	9,283

	 Full DMC + NMC + IC Subsidy
	8,354
	5,996
	3,718
	1,139
	174
	19,381



	Table 19: OOP Expenditure Averted (USD)

	Wealth Quintile
	Q1
	Q2
	Q3
	Q4
	Q5
	Total

	50% DMC Subsidy
	19,703,036
	19,086,998
	15,916,952
	10,838,104
	4,540,942
	70,086,032

	Full DMC Subsidy
	40,175,095
	38,731,953
	32,204,656
	21,854,439
	9,102,832
	142,068,975

	Full DMC + NMC + IC Subsidy
	54,858,701
	54,205,170
	47,294,526
	33,271,449
	15,591,539
	205,221,385



	Table 20: Cases of CHE Averted

	Wealth Quintile
	Q1
	Q2
	Q3
	Q4
	Q5
	Total

	50% DMC subsidy
	2,885
	2,248
	1,665
	403
	0
	7,202

	Full DMC subsidy
	3,952
	2,583
	1,665
	403
	0
	8,604

	Full DMC + NMC + IC subsidy
	3,985
	2,583
	1,665
	403
	0
	8,637













VI. Proportional Effects of Malaria Treatment Subsidies by Wealth Quintile

Fig 3. 							Fig 4.

Fig 5.							Fig 6.









VII. Summary of sensitivity analysis results (table tornado charts reflect same values)

	Table 21: Effect of changing model parameters on ECEA outcomes (averaged across intervention scenarios and quintiles)	Comment by Rishi Dasgupta: Values have been updated to reflect true sensitivity analysis (previous table contained an error with symmetrical tails) 

	
	Under-five deaths averted
	OOP expenditure averted
	Cases of CHE averted
	Cost of implementation

	Parameter being changed   
	20% higher
	20% lower
	20% higher
	20% lower
	20% higher
	20% lower
	20% higher
	20% lower

	Cases of malaria 
	-24%
	22%
	-20%
	20%
	-19%
	18%
	-20%
	18%

	Initial treatment coverage
	32%
	-38%
	-15%
	12%
	16%
	-35%
	-19%
	15%

	Cases of malaria + initial treatment coverage 
	35%
	-37%
	39%
	-42%
	-15%
	10%
	22%
	-34%

	ACT efficacy
	0%
	1%
	0.0%
	-0.1%
	-
	-
	-
	-

	Adherence to ACT
	0.1%
	-0.3%
	-
	-
	-
	-
	-
	-

	Probability an untreated case progresses to severe
	-19%
	19%
	-3%
	3%
	-19%
	18%
	-0.4%
	0.3%

	CFR (severe, untreated)
	-17%
	17%
	-
	-
	-
	-
	-
	-

	CFR (severe, treated)
	7.8%
	-1.5%
	-
	-
	-
	-
	-
	-

	Outpatient OOP direct medical cost (ACT used)
	-
	-
	-8%
	8%
	-2%
	1%
	-
	-

	Outpatient OOP direct medical cost (non-ACTs used)
	-
	-
	-6%
	6%
	-2%
	1%
	-
	-

	Outpatient OOP nonmedical cost 
	-
	-
	-4%
	4%
	-1%
	0%
	-1%
	1%

	Outpatient OOP indirect cost 
	-
	-
	0%
	3%
	-0.1%
	0.2%
	-1%
	1%

	Inpatient OOP direct medical cost
	-
	-
	-0.3%
	1.1%
	-37%
	45%
	-
	-

	Inpatient OOP indirect cost 
	-
	-
	-0.2%
	0.3%
	-3%
	3%
	-1%
	1%

	Inpatient OOP nonmedical cost 
	-
	-
	-0.1%
	0.2%
	-2%
	2%
	-
	-

	Outpatient cost of implementation (ACTs used)
	-
	-
	-
	-
	-
	-
	-13%
	7%

	Outpatient cost of implementation (non-ACTs used)
	-
	-
	-
	-
	-
	-
	-12%
	6%

	Inpatient cost of implementation 
	-
	-
	-
	-
	-
	-
	-1%
	0%

	*for full DMC + NMC + IC scenario only 


























VIII. Cost per intervention outcome (deaths and cases of CHE averted) 	Comment by Rishi Dasgupta: Table added to reflect cost per intervention outcome (more in line with traditional CEA), while manuscript contains table with intervention outcomes per million spent


	Table 22: Cost per outcome ($US)

	Scenario
	50% DMC subsidy
	Full DMC Subsidy
	Full DMC + NMC + IC Subsidy

	Wealth quintile
	Death Averted
	Case of CHE Averted
	Death Averted
	Case of CHE Averted
	Death Averted
	Case of CHE Averted

	Q1
	14,706
	8,929
	12,821
	12,987
	8,475
	17,857

	Q2
	18,182
	10,989
	17,857
	18,868
	11,364
	26,316

	Q3
	21,739
	12,346
	23,810
	24,390
	15,385
	34,483

	Q4
	38,462
	34,483
	35,714
	66,667
	35,714
	100,000

	Q5
	58,824
	-
	100,000
	-
	10,0000
	-

	All quintiles (broad subsidy)
	20,000
	12,500
	19,231
	20,833
	13,158
	29,412



IX. Optimization Analysis

Our optimization considered all three interventions across all five quintiles for a total of 15 variables. There are eight constraints: 
· The first two require at least 25,000 deaths averted and 25,000 cases of CHE averted. 
· The next five require at least a 25% reduction in deaths across each quintile
· The final set of constraint is the non-negative condition (i.e., that none of the coefficients could be negative)

Our objective function to be minimized was: 

Total policy cost = X1 + X2 + X3 + X4 + X5 +X6 + X7 +X8 + X9 + X10 + X11 + X12 + X13 + X14 + X15 

Where: 
X1 = cost of intervention 1 for Q1
X2 = cost of intervention 2 for Q1
X3 = cost of intervention 3 for Q1
X4 = cost of intervention 1 for Q2
X5 = cost of intervention 2 for Q2
X6 = cost of intervention 3 for Q2
…
...
X13 = cost of intervention 1 for Q5
X14 = cost of intervention 2 for Q5
X15 = cost of intervention 3 for Q5

The constraints employed were as follows: 

1. The first constraint was that the total number of deaths averted across all quintiles should be at least 25,000. We used ECEA results as inputs here, and deaths averted/$ spent were used as coefficients for each variable. The coefficients used were as follows: 

	Deaths averted/dollar spent
	Q1
	Q2
	Q3
	Q4
	Q5

	50 % DMC (int 1)
	0.000068
	0.000055
	0.000046
	0.000026
	0.000017

	Full DMC (int 2)
	0.000078
	0.000056
	0.000042
	0.000028
	0.00001

	Full DMC + NMC + IC (int3)
	0.000118
	0.000088
	0.000065
	0.000028
	0.00001




Using these coefficients, we created a constraint based on the following inequality: 

(deaths averted/$ for int 1 Q1)*X1 +
(deaths averted/$ for int 2 Q1)*X2 + 
(deaths averted/$ for int 3 Q1)*X3 +
(deaths averted/$ for int 1 Q2)*X4 +
(deaths averted/$ for int 2 Q2)*X5 + 
(deaths averted/$ for int 3 Q2)*X6 +
…
...
(deaths averted/$ for int 1 Q5)*X13 + 
(deaths averted/$ for int 2 Q5)*X14 +
(deaths averted/$ for int 3 Q5)*X15 >= 25,000 

2. The second constraint was that the total cases of CHE averted across all quintiles should be at least 25,000. We used ECEA results as inputs here, and CHE averted/$ spent were used as coefficients for each variable. The coefficients used were as follows: 

	CHE averted/dollar spent 
	Q1
	Q2
	Q3
	Q4
	Q5

	50 % DMC (int 1)
	0.000112
	0.000091
	0.000081
	0.000029
	0

	Full DMC (int 2)
	0.000077
	0.000053
	0.000041
	0.000015
	0

	Full DMC + NMC + IC (int3)
	0.000056
	0.000038
	0.000029
	0.00001
	0



Using these coefficients, we created a constraint based on the following inequality: 

(CHE averted/$ for int 1Q1)*X1 + 
(CHE averted/$ for int 2 Q1)*X2 +
(CHE averted/$ for int 3 Q1)*X3 +
(CHE averted/$ for int 1 Q2)*X4 + 
(CHE averted/$ for int 2 Q2)*X5 +
(CHE averted/$ for int 3 Q2)*X6 + 
...
…
(CHE averted/$ for int 1 Q5)*X13 +
(CHE averted/$ for int 2 Q5)*X14 + 
(CHE averted/$ for int 3 Q5)*X15 >= 25,000

Constraints 3-7 were that there should be at least a 25% reduction in malaria deaths in each quintile. Baseline mortality per quintile was estimated using our decision tree and was as follows: 


	Quintile
	Baseline Deaths
	25% of baseline deaths

	Q1
	34,300
	8,575

	Q2
	27,900
	6,975

	Q3
	20,600
	5,150

	Q4
	8,900
	2,225

	Q5
	2,000
	500

	Total
	93,700
	23,425



Using these estimates, we created 5 additional constraints based on the following inequalities: 

3. (deaths averted/$ for int 1 Q1)*X1 +
(deaths averted/$ for int 2 Q1)*X2 + 
(deaths averted/$ for int 3 Q1)X3 >= 0.25*34,300 

4. (deaths averted/$ for int 1 Q2)*X4 +
(deaths averted/$ for int 2 Q2)*X5 + 
(deaths averted/$ for int 3 Q2)*X6  >= 0.25*27,900 

5. (deaths averted/$ for int 1 Q3)*X7 +
(deaths averted/$ for int 2 Q3)*X8 + 
(deaths averted/$ for int 3 Q3)*X9 >= 0.25*20,600

6. (deaths averted/$ for int 1 Q4)*X10 +
(deaths averted/$ for int 2 Q4)*X11 + 
(deaths averted/$ for int 3 Q4)*X12 >= 0.25*8,900
 
7. (deaths averted/$ for int 1 Q5)*X13 +
(deaths averted/$ for int 2 Q5)*X14 + 
(deaths averted/$ for int 3 Q5)*X15 >= 0.25*27,900 

Constraint 8 was that none of the variables could be negative: 

8. X1, X2, X3... X15 >= 0

The results of our optimization are reported in the main text. The breakdown in mortality and CHE reduction across quintiles given our constraints was as follows”: 

	Quintile
	Deaths Averted
	CHE Averted

	Q1
	10,150
	10,438

	Q2
	6,975
	3,012

	Q3
	5,150
	9,068

	Q4
	2,225
	2,482

	Q5
	500
	0

	Total
	25,000
	25,000
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Proportion of Total OOP Expenditure Averted by Quintile (Q1-Q5), Average Across Interventions 

28%	27%	23%	16%	7%	[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

Q1	Q2	Q3	Q4	Q5	0.27707567044191256	0.26969823836579115	0.2280817596829742	0.15686481657838927	6.8279514930932789E-2	

Proportion of Total Deaths Averted by Quintile (Q1-Q5), Average Across Intervention Scenarios

Average	[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

1%

Q1	Q2	Q3	Q4	Q5	0.41653274668370699	0.30185939237791271	0.19296055024238065	7.4237616225926423E-2	1.4409694470073245E-2	


Proportion of Total CHE Averted by Quintile (Q1-Q5), Average Across Interventions 

Avg of all subsidies	[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

0.44044471319579076	0.3038508502187463	0.20582729929418545	4.9877137291277386E-2	0	

Proportion of Total Implementation Cost Attributable to Each Quintile (Q1-Q5), Average Across All Interventions

Avg	[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

[PERCENTAGE]

Q1	Q2	Q3	Q4	Q5	0.28622125324964171	0.2724868540937781	0.22102603105587196	0.15482856721511429	6.5437294385593925E-2	

Impact of Variance in Model Parameters on OOP Expenditure Averted

20% lower 	Cases of malaria	Initial treatment-coverage	Outpatient OOP direct medical cost (ACT)	Outpatient OOP direct medical cost (Non-ACT)	Outpatient OOP nonmedical cost (Full DMC + NMC + IC)	Probabiltiy an untreated case progresses to severe	Outpatient OOP indirect costs (Full DMC + NMC + IC)	Inpatient OOP direct medical cost	Inpatient OOP indirect cost 	Inpatient OOP nonmedical costs(Full DMC + NMC + IC)	ACT efficacy	-0.2005090669485754	-0.15098712475332154	-8.19793012246115E-2	-6.2003936268779647E-2	-3.6915154417359042E-2	-2.8263540634058226E-2	-8.1719532338353496E-4	-2.6375585572138149E-3	-1.7724266144814038E-3	-1.3695554037291835E-3	5.7768149853254513E-5	20% higher	Cases of malaria	Initial treatment-coverage	Outpatient OOP direct medical cost (ACT)	Outpatient OOP direct medical cost (Non-ACT)	Outpatient OOP nonmedical cost (Full DMC + NMC + IC)	Probabiltiy an untreated case progresses to severe	Outpatient OOP indirect costs (Full DMC + NMC + IC)	Inpatient OOP direct medical cost	Inpatient OOP indirect cost 	Inpatient OOP nonmedical costs(Full DMC + NMC + IC)	ACT efficacy	0.20299892520747043	0.1201746790681415	8.2228481238336704E-2	6.1144286786543045E-2	3.7880032519697071E-2	2.8124847011232079E-2	2.6699164328358282E-2	1.079521855721377E-2	2.5787485322896764E-3	1.6452250603502527E-3	-1.1846451466047681E-3	Model Paramter Changed 


 Percent Difference in OOP Expenditure Averted




Impact of Changing Model Parameters on Number of Deaths Averted

20% lower 	Initial treatment-coverage	Cases of malaria	Probabiltiy an untreated case progresses to severe	CFR (severe, untreated)	CFR (severe, treated)	ACT efficacy	Adherence to ACT	0.31825645596415364	-0.2397274113335669	-0.19318280531077081	-0.17141408006786396	-1.4414780683520756E-2	-3.7556447309406993E-3	1.1942800425610578E-3	20% higher	Initial treatment-coverage	Cases of malaria	Probabiltiy an untreated case progresses to severe	CFR (severe, untreated)	CFR (severe, treated)	ACT efficacy	Adherence to ACT	-0.3774668814707548	0.22404461802094655	0.19038244983268648	0.1686082331868457	7.8293399965556398E-2	7.9897400002535424E-3	-2.8443051252363682E-3	Model Parameter Changed


Percent Difference in Deaths Averted 




Impact of Changing Model Parameters on Cases of CHE Averted

20% lower 	Inpatient OOP direct medical cost	Initial treatment-coverage	Cases of malaria	Probabiltiy an untreated case progresses to severe	Inpatient OOP indirect cost 	Inpatient OOP nonmedical cost (Full DMC + NMC + IC)	Outpatient OOP direct medical cost (ACT)	Outpatient OOP direct medical cost (Non-ACT)	Outpatient OOP nonmedical cost	Outpatient OOP indirect cost	-0.37324874651556661	0.16435199713517723	-0.18850916670186069	-0.19238713293023635	-3.3460255054792332E-2	-2.4560537709612529E-2	-2.1381095929868033E-2	-1.7151671936471158E-2	-1.4806603451481437E-2	-8.5786595632431073E-4	20% higher	Inpatient OOP direct medical cost	Initial treatment-coverage	Cases of malaria	Probabiltiy an untreated case progresses to severe	Inpatient OOP indirect cost 	Inpatient OOP nonmedical cost (Full DMC + NMC + IC)	Outpatient OOP direct medical cost (ACT)	Outpatient OOP direct medical cost (Non-ACT)	Outpatient OOP nonmedical cost	Outpatient OOP indirect cost	0.44979244966058363	-0.34905454491058263	0.18479021430953946	0.17912710189145797	3.3940633971430767E-2	2.4686827400916878E-2	1.0468351514536067E-2	5.0046545647488561E-3	-2.6992392210267724E-8	1.966052302415866E-3	Model Parameter Changed



Percent Difference in Cases of CHE Averted




Impact of Changing Model Paramters on Cost of Implementation

20% lower 	Cases of malaria	Initial treatment-coverage	Outpatient provider cost (ACT)	Outpatient provider cost (non-ACT)	Inpatient OOP direct medical cost	Outpatient OOP indirect cost	Outpatient OOP nonmedical cost (full DMC + NMC + IC)	Inpatient OOP indirect cost 	Inpatient provider cost	Probabiltiy an untreated case progresses to severe	ACT efficacy	Inpatient OOP nonmedical cost (Full DMC + NMC + IC)	-0.20403859660113399	-0.18539394454186076	-0.12925472837981644	-0.12100867507912494	-6.7502688740331829E-3	-1.3831998004751767E-2	-8.392325633382991E-3	-1.015082046226734E-2	-7.2043702681191535E-3	-4.0161339073249147E-3	-3.5997483260741259E-4	-4.8088377046329178E-4	20% higher	Cases of malaria	Initial treatment-coverage	Outpatient provider cost (ACT)	Outpatient provider cost (non-ACT)	Inpatient OOP direct medical cost	Outpatient OOP indirect cost	Outpatient OOP nonmedical cost (full DMC + NMC + IC)	Inpatient OOP indirect cost 	Inpatient provider cost	Probabiltiy an untreated case progresses to severe	ACT efficacy	Inpatient OOP nonmedical cost (Full DMC + NMC + IC)	0.18479021430953946	0.15173013716661332	7.2992715437336875E-2	6.4167073329497892E-2	1.3098004409566544E-2	5.2511066252522998E-3	8.4823159638920398E-3	5.2957301285208036E-3	4.7204527928055295E-3	3.002642633260777E-3	-5.872462384738375E-4	4.8333425079660763E-4	Model Parameter Changed


Percent Difference in Cost of Implementation
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