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[bookmark: _Toc22294585]Estimated pre-intervention EIR
The estimated council-specific pre-intervention EIR reflects the trend in geospatial predicted prevalence used for fitting, shown in the main manuscript Fig 2 and in Fig S1.2. The geographical pattern is similar to previously published prevalence risk maps [1–3], and climate factors [4] (Fig S4.1). 
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[bookmark: _Ref536604948]Fig S4.1. Map of the estimated pre-intervention EIR per council.

[bookmark: _Toc22294586]Comparison of estimated and observed pre-intervention EIRs
[bookmark: _Ref10622468]The validation of estimates of EIR is challenging due to high variations in entomological outcomes, which highly depend on the local environment, often seasonality and vector species. A previously literature review on entomological studies in Tanzania was used to extract annual EIR values between 1990 and 2005 (Dr Fredros Okomu personal communication). The identified studies were compared with the database from Massey et al. [5], to ensure most relevant studies were captured, and 15 unique studies were identified, reporting EIR estimates for 53 study sites in 14 councils from four regions (Table S3.1). Most of the study sites were located in Kilombero and Ulanga (17 and 12 study sites respectively), while in 6 councils only one study site was included. Some studies reported the EIR per vector species [6]; in that case, the total annual EIR was calculated by summing the annual EIR per species, and some studies sites reported daily EIR, in which case annual EIRs were projected, as in [7]. The limited available data did not permit a proper validation, and a simple comparison of the reported EIR with the model-estimated EIR was done. The single annual EIR estimates for all species were compared with the mean, median and credible intervals of the estimated EIR. Overall, the comparison showed high variability in both estimated and reported values (Fig S3.2). Possible reasons for large discrepancies could be ecological factors of the study sites since heterogeneity within councils was not accounted for in the modelling. For example, in Bagamoyo, Shiff et al. conducted a study to assess the relationship between transmission and altitude [8]; hence the EIR values show high variation due to different elevation of the study sites included. The EIR estimation for rural Moshi was extremely far from the observed values, which could be due to differences in study sites of the prevalence studies used for the geospatial model used to estimate the EIR, and the sites included in the study from Ijumba et al., which was all located in different agro-ecosystems [9]. The comparison between reported annual EIR and the estimated EIR, based on the geo-spatial prevalence predictions (S1 file), is also limited, as the relationship between prevalence and EIR is not linear [10]. For high levels of EIR, prevalence is expected to have little variations. In OpenMalaria the simulations are plateauing around a prevalence of 80% prevalence and an EIR of 100 ibpa [11], and for high transmission the trends rather than the actual EIR need to correspond to each other, as in Tanga, estimated EIRs of >80 correspond to reported EIRs of > 200 ibpa and above. 
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Fig S4.2. Comparison of estimated and observed pre-intervention EIR around the year 2000 (1990-2005). N=11 councils. Points show EIR values reported per study site per council and source[footnoteRef:1]. Vertical error bars credible intervals, and horizontal error bars represent minimum and maximum values aggregated per council (no horizontal error bars if there was only one study site per council). The black line shows perfect correspondence.  [1:  EIR estimates were collated from literature and shared by Dr Fredros Okumu, Ifakara Health Institute and each reference was individually reviewed if accessible.] 


[bookmark: _Ref11778297]Table S4.1: Comparison of estimated and observed pre-intervention EIR around the year 2000 (1990-2005)
	Region
	Council
	Estimated annual EIR 
based on model predictions*
	Reported 
annual EIR
	Study site
	Source

	
	
	mean
	median
	q2.5
	q97.5
	
	
	

	Kilimanjaro
	Moshi
	1.83
	1.84
	1.33
	2.27
	122
	Chekereni
	[9]

	Kilimanjaro
	Moshi
	1.83
	1.84
	1.33
	2.27
	350
	Kisangasangeni
	[9]

	Kilimanjaro
	Moshi
	1.83
	1.84
	1.33
	2.27
	402
	Mvuleni
	[9]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	40.2
	Idete
	[12]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	4.4
	Ifakara
	[13]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	114.4
	Ifakara
	[13]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	7.6
	Ifakara
	[13]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	312
	Ulanga/Kilombero
	[6]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	54.65-463.74
	11 villages
	[14]*

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	126.85
	Itongoa A
	[14]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	428.8
	Michenga
	[15]

	Morogoro
	Kilombero
	73.53
	73.68
	60.83
	84.88
	420
	Namawala
	[15]

	Morogoro
	Ulanga
	100.1
	107.3
	42.48
	118.12
	1.51
	Matanila-Chindwangi
	[16]

	Morogoro
	Ulanga
	100.1
	107.3
	42.48
	118.12
	61.68 - 620.02
	11 villages
	[14]*

	Morogoro
	Mvomero
	62.16
	62.77
	41.03
	79.86
	58.4
	Mkindo
	[17]

	Morogoro
	Mvomero
	62.16
	62.77
	41.03
	79.86
	182.5
	Mkindo
	[17]

	Morogoro
	Mvomero
	62.16
	62.77
	41.03
	79.86
	37.5
	Luhindo
	[17]

	Morogoro
	Mvomero
	62.16
	62.77
	41.03
	79.86
	0
	Dakawa
	[17]

	Morogoro
	Mvomero
	62.16
	62.77
	41.03
	79.86
	413.5
	Mtibwa
	[17]

	Pwani
	Rufiji
	61.73
	61.94
	37.15
	90.32
	370
	Rufiji
	[6]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	284
	Matimbwa
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	26.7
	Chasimba
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	547.5
	Zinga
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	271.6
	Mapinga
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	122.1
	Yombo
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	35.5
	Kongo
	[8]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	584
	Kongo
	[18]

	Pwani
	Bagamoyo
	45.34
	41.56
	27.15
	79.59
	667
	Matimbwa
	[18]

	Tanga
	Bumbuli
	16.31
	16.24
	13.93
	19
	0.08
	Balangai
	[19]

	Tanga
	Korogwe
	34.33
	34.25
	27.68
	41
	9.7
	Magundi
	[19]

	Tanga
	Korogwe
	34.33
	34.25
	27.68
	41
	1.7
	Kwamhanya
	[19]

	Tanga
	Korogwe
	34.33
	34.25
	27.68
	41
	1.8
	Bagamoyo
	[19]

	Tanga
	Korogwe TC
	44.09
	43.99
	38.93
	49.98
	91
	Kwameta
	[19]

	Tanga
	Lushoto
	42.45
	43.56
	30
	50.31
	0.03
	Milungui
	[19]

	Tanga
	Handeni
	95.29
	99.25
	56.95
	113.22
	540.2
	Hale 
	[7]

	Tanga
	Muheza
	81.24
	85.02
	42.18
	102.52
	235.6
	Temgini and Enzi
	[7]

	Tanga
	Muheza
	81.24
	85.02
	42.18
	102.52
	576.7
	Kumbamtoni
	[20]

	Tanga
	Pangani
	82.7
	85.03
	40.76
	112.45
	217.7
	Kikwazu
	[21]

	*) Unpublished data and EIR values per village not shown. 



[bookmark: _Toc22294587]Fitting performance at sub-national level
The calibration of the model at council level used as much as possible local data and complementary information at a lower resolution when needed. Only two parameters were fitted to ensure adequation with historical malaria trends between 2003 and 2016. The figures below show the fitting of the baseline prevalence in 2003 and in 2016 per council grouped by region (Fig S4.3 and Fig S4.4) and, and the historical prevalence over time by region (Fig S4.5). 
[bookmark: _Toc22294588]Pre-intervention prevalence 2003
[image: C:\Users\rungma\Projects\OM_TZA\OM_Iterations\Experiments\Hist_and_Fut\TZA_MappingWS_Nov2018_Jan2019\SensitivityAnalysis\20180209_OMTZARegions_corCM_combined_corCMMDAcost\Figures\fittingPlot_perRegion_2003.v2.png]
[bookmark: _Ref11859068]Fig S4.3. Fitting per 2003 prevalence per council, grouped by region. 
The facets show each region with the number of councils in the brackets. Each point represents one council within the region. The scatter plots (right) shows the respective prevalence estimates (points), with the regression line (blue line), and perfect correspondence line (black line). CCC = Lin’s concordance correlation coefficients [22]. 

[bookmark: _Toc22294589]Baseline prevalence in 2016
[image: C:\Users\rungma\Projects\OM_TZA\OM_Iterations\Experiments\Hist_and_Fut\TZA_MappingWS_Nov2018_Jan2019\RefittedSimulations\20180216_OMTZARegions_combined\Figures\fittingPlot_perRegion.png]
[bookmark: _Ref536600680]Fig S4.4. Fitting per 2016 prevalence per council, grouped by region. 
The facets show each region with the number of councils in the brackets. Each point represents one council within the region. The scatter plots (right) shows the respective prevalence estimates (points), with the regression line (blue line), and perfect correspondence line (black line). CCC = Lin’s concordance correlation coefficients [22]. 

[bookmark: _Toc22294590]Historical trend
The ITN coverage was assumed to be known and therefore fixed (see S2 File), and in some regions and councils, the reduction in prevalence did not correspond to the increase in coverage over time. It was assumed that the pre-intervention EIR and the baseline year before future intervention deployment would be the most relevant time points for the model to reproduce. 
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[bookmark: _Ref536604417]Fig S4.5. Reproduced historical trend aggregated per region. 
The prevalence estimates per council (n=184) were aggregated per region (n=26). The number in brackets shows the number of councils within a region and the facets was sorted by the fitting performance, as shown in Fig 4.4.
[bookmark: _Toc32601]
[bookmark: _Toc22294591]Comparison of impact per intervention strategies per region 
Three strategies were used for stratification and the choice of interventions. For each council, the choice of the interventions was defined as (1) the interventions that comply with the current NMSP a) without or b) with an improvement of the case management, (2) the interventions that form the most cost-effective strategy or (3) the interventions that lead to the national target with the smallest resources. These strategies were compared to the counterfactual scenario, which was defined as the discontinuation of vector control and with maintained case management at current levels in 2016 (see main manuscript). 
The predictions of the 184 councils were aggregated per region for simplicity and visualisation of sub-national heterogeneity. The regional mean predictions for prevalence as well as for cases averted are shown in Fig S4.6-8. Overall, the counterfactual scenario led to an increase in prevalence everywhere, but at different speed and to different levels. The rebound depends on the pre-intervention transmission intensity and effectiveness of historical interventions (not shown). The most cost-effective strategy lies between both the current NMSP, with and without improved case management and the strategy leading to the national target was the most impactful strategy in terms of prevalence and cases averted. The order of the strategies varied substantially in very low regions, namely in Arusha, Kilimanjaro, and Manyara, most likely due to stochastic and model uncertainty at such low transmission levels. The most cost-effective strategy was predicted to avert more cases and to reach lower prevalences than both the NMSP strategies in some regions but not in others and the differences between the two current NMSPs, with maintained and with improved case management, varied among the regions. 
Those variations were likely due to differences in setting specific increase in case management levels, varying from 40% to 21% increase among the regions. Furthermore, region-specific differences may arise when interventions, which were part of the current NMSP, were discontinued in the other strategies. For instance, IRS was part of the current NMSP in the Lake Zone but was predicted not to be cost-effective and discontinued. Comparing the current NMSP with the most cost-effective strategy in those regions is different from the other regions which did not have IRS in the past. Another example would be the discontinuation of ITNs in low transmission regions, in Arusha, Kilimanjaro and Manyara (main manuscript Fig 6). The sub-national comparison highlights the heterogeneity and the importance to consider the historical trends, differences in seasonality and entomology when predicting likely impact of future intervention scenarios at local level and the importance to select proper outcome measures depending on transmission intensity. 
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[bookmark: _Ref10625046]Fig S4.6. Predicted prevalence over time per strategy and region. 
Solid lines show the aggregated mean of council predictions. Confidence intervals showed high overlap and were removed. 

[bookmark: _Ref10625119][image: C:\Users\rungma\Projects\OM_TZA\OM_Iterations\Experiments\Hist_and_Fut\TZA_MappingWS_Nov2018_Jan2019\RefittedSimulations\20180216_OMTZARegions_combined\Figures\PfPRtimeline_per_Strategy_perRegion.png]Fig S4.7: Reduction in cases (%) over time per strategy and region. 
Solid lines show the aggregated mean of council predictions. The confidence intervals showed high overlap and were removed.

[image: C:\Users\rungma\Projects\OM_TZA\OM_Iterations\Experiments\Hist_and_Fut\TZA_MappingWS_Nov2018_Jan2019\RefittedSimulations\20180216_OMTZARegions_combined\Figures\PfPRtimeline_per_Strategy_perRegion.png]Fig S4.8: Reduction in cases (%) over time per strategy. 
The solid line shows the aggregated mean and the shaded area the 95% confidence interval based on heterogeneity among councils. The NMSP with maintained case management as well as the NMSP with improved case management refers to strategy 1, the most cost-effective intervention package to strategy 2, and the intervention package achieving the NMSP target to strategy 3. The counterfactual shows the simulated scenario with maintained case management levels and the discontinuation of vector control interventions.

[bookmark: _Toc22294592]Population weighed and unweighted mean prevalence 
The presented predicted prevalences, aggregated at country level, were unweighted averages of the prevalence among the councils. The table below (Table 2) shows the averages weighted by the council population to obtain population-weighted mean predictions at national level. The two estimates, unweighted and weighted, were compared per strategy for three prevalence outcomes. The three prevalence outcomes were the predicted prevalence in 2020, the relative prevalence reduction compared to the baseline in 2016 (PfPR2020 – PfPR2016/PfPR2016), and the relative reduction in prevalence compared to the counterfactual in 2020 (PfPRstrategy – PfPRcounterfactual/PfPRcounterfactual). The weighted prevalence was very similar to the unweighted prevalence for all strategies for the prevalence, and the prevalence reduction compared to counterfactual, and showed higher differences in the prevalence reductions compared to the baseline in 2016 (Table S3.2). 

[bookmark: _Ref11705433]Table S4.2: Comparison of population-weighted and unweighted predicted mean prevalences per strategy at national level for 2020. 
	Strategy
	PfPR2to10 (%) 

	PfPR2to10 reduction compared to 
baseline in 2016 (%)
	PfPR2to10 reduction compared to counterfactual (%)

	
	unweighted
	weighted
	unweighted
	weighted
	unweighted
	weighted

	Counterfactual
	21.5
	20.8
	-65.8
	-60.2
	0.0
	0.0

	NMSP
	11.2
	10.1
	23.8
	30.2
	51.0
	54.2

	NMSP with improved case management
	7.4
	6.5
	52.1
	56.9
	69.0
	71.5

	Optimised for cost-effectiveness
	10.5
	10.0
	25.0
	29.1
	53.0
	54.2

	Achieving NMSP target at lowest costs
	0.4
	0.5
	77.5
	79.6
	87.4
	88.1
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