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Additional File 3. Simulation input assumptions and calculations on statistically predicted burden reductions for ITN trials
 
Table AF3.A shows values of predictor variables assumed in statistical predictions of ITN impact, for the three cluster-randomized trials of ITN impacts on child health, evaluated as a test to the external validity of regression models.


Table AF3.A Predictor values assumed in statistical predictions of ITN impact for cluster-randomized trials 

	Trial location
	PfPR, Control arm
	Seasonality CV
	ITN coverage/ usage last night
	Coverage of effective treatment, uncomplicated cases

	
	
	
	C arm
	I arm
	Pre-trial (C and I arms)
	C arm, trial
	I arm, trial

	
	Predictions
	Trial data
	
	
	
	
	
	

	Upper-East province, Ghana
	69%* 
(0-59 months)
	69% 
(0-59 months)
	1.53
	0%
	60%
	10%
	10%
	10%

	Asembo Bay, Western Kenya
	48%* 
(0-59 months)
	63% 
(0–35 months, 3rd/ last survey)
	0.50
	5%
	57%
	10%
	30%**
	30%**

	Kilifi / Coast, Kenya
	35% 
(2–9 years)
	35% 
(1–9 years)
	0.48
	0%
	60%
	10%
	30%**
	30%**

	Source
	*
	[1]
	[2, 3]
	Asembo: [4, 5]
Ghana: [6]
Kilifi: [7]



Abbreviations: CV = coefficient of variation, C = control, I = intervention; ITN = insecticide treated net.
Notes to Table AF3.A:
* Calculated from predictions for 2-9 year group, using age patterns and relationship as in OpenMalaria simulations: 
, 
where  is PfPR in the age group 0 to 4 years, and  is PfPR in the age group 2 to 9 years. 
In the two Kenya trials, coverage of effective case management was higher than the regional typical coverage at the time, since trials undertook active disease surveillance and treated any detected cases, in both control and intervention arms. These trial-specific high treatment coverages were simulated (instead of provincial averages for the pre-ITN period), to avoid over-estimating the added value of ITNs. 


Our external validation evaluated the regression models ‘fit’ against trial-observed reductions for both for all-cause post-neonatal under-5 mortality and for malaria-attributable mortality (MAM). These two validation outcomes are based on the same trial-observed data for all-cause post-neonatal under-5 mortality (ACCM), but expressed differently. In trial data, the protective efficacy (PE) of ITNs in reducing malaria-attributable mortality (the complement of the rate ratio shown) reflects the observed ACCM rate reduction, expressed as percentage of control-arm malaria-attributed mortality, according to the definition used by WHO and the UN Child Health Epidemiology Reference Group (CHERG) in regional and global estimates of malaria mortality trends and lives saved by ITNs [8]: 



where  is an estimate of the proportion of deaths from all-causes due to malaria among children in areas without access to malaria prevention interventions, which was estimated at 36% in Asembo [4, 5], 41% in Ghana [6], and 46% in Kilifi [7].

OpenMalaria outputs and their statistical model emulations do not provide estimates of ACCM, but instead, provide estimates of direct and indirect malaria mortality in ITN and control arms. In order to convert these outputs to estimates of the risk ratio of ITN intervention in terms of ACCM and MAM in the single-cause of death framework used by MERG, the equations below for the risk ratios for MAM (RRMAM; Equation 3.1) and ACCM (RRACCM; Equation 3.2) were used: 

	

with: 
DMRi the direct malaria mortality rate in the intervention arm, 
DMRc the direct malaria mortality rate in the control arm, 
IMRi the indirect malaria mortality rate in the intervention arm, 
IMRc the indirect malaria mortality rate in the control arm. 

	


with: 
ACCMc the ACCM from the trial data control arm,
DMRi the direct mortality in the intervention arm, 
DMRc the direct mortality in the control arm, 
IMRi the indirect mortality in the intervention arm, 
IMRc the indirect mortality in the control arm,
 the estimated proportion of deaths from all-causes due to malaria among children in areas without access to malaria prevention interventions, as above.

In Equation 3.1, the denominator is the direct malaria mortality in the control arm plus the difference in indirect mortality between control and intervention arms, i.e. indirect malaria-related mortality that would be identified as due to malaria in the single cause of death framework because it was prevented by the intervention. This corresponds to the definition and calculation of RRMAM used by the United National Child Health Epidemiology Reference Group (CHERG) used as input to the LiST model of child survival interventions [8].

Equation 3.2 calculates the corresponding RRACCM in OpenMalaria-based regressions, as the sum of the model-predicted malaria direct mortality rate in the intervention arm, the model-predicted indirect malaria-related mortality rate in the intervention arm and the non-malaria (other-cause) mortality rate in the control arm in trial observations (which was assumed to be the same in the trial intervention arm, and in predictions), divided by the sum of model-predicted malaria direct mortality in the control arm, model-predicted indirect malaria-related mortality in the control arm and non-malaria (other-cause) mortality in the control arm in trial observations. 

Using these equations, Table AF3.B shows predictions against the data with their 95% confidence bounds, illustrating that for 9 of 10 health outcomes evaluated across the three trials, the predicted relative risk was within the 95% confidence bound of the trial observation. The one consistent difference is PfPR in Ghana.


Table AF3.B Observed and regression-predicted relative risks (intervention / control arm) of health outcomes in 3 cluster-randomized ITN trials

	Trial
	Health outcome
	Observed
	
	Predicted
	Comments

	 
	 
	 
	Low-bound
	Upper-bound
	
	 

	Navrongo, GHANA
	All-cause post-neonatal under-5 mortality
	0.82
	0.68
	0.98
	0.78
	Data from Cochrane review [1]

	
	Malaria-attributable mortality
	0.57
	0.22 
	0.95 
	0.64
	Calculated as described in text of Additional File 3

	
	Malaria case incidence
	NA
	
	
	0.71
	 

	
	PfPR
	0.96
	0.92 
	1.01 
	0.83
	Data from Cochrane review [1]

	
	
	 
	
	
	 
	 

	Asembo, KENYA
	All-cause post-neonatal under-5 mortality
	0.82 
	0.72 
	0.92 
	0.79
	Data based on hazard ratio of 0.72, adjusted for community contamination*

	
	Malaria-attributable mortality
	0.49
	0.21 
	0.78 
	0.53
	Calculated as described in text of Additional File 3

	
	Malaria case incidence
	0.52
	0.33
	0.83
	0.61
	Data based on hazard ratio of 0.52, adjusted for community contamination*

	
	PfPR
	0.62 
	0.54 
	0.70 
	0.70
	Data based on hazard ratio of 0.59, adjusted for community contamination*

	
	
	 
	
	
	 
	 

	Kilifi, KENYA
	All-cause post-neonatal under-5 mortality
	0.71
	0.52
	0.97
	0.57
	Data from Cochrane review [1]

	
	Malaria-attributable mortality
	0.37
	0
	0.93 
	0.36
	Calculated as described in text of Additional File 3

	
	Malaria case incidence
	NA
	
	
	0.42
	 

	
	PfPR
	0.49
	0.35 
	0.68 
	0.49
	Data from Cochrane review [1]



* Community contamination-adjusted Hazard Ratios (HR) from [5]; converted into relative risks (RR) using the formula:  with prevalence denoting the PfPR or mortality or case incidence in the comparison arm.
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