Additional File 1
Additional Table S1 - Description the basic LF model parameters and functions used in the model.
	Parameter
Symbol
	Definition
(units)
	Range
	Source

	Intrinsic Biological parameters

	λ
	Number of bites per mosquito (per month)
	[5, 15]
	[1-5]

	ψ1
	Proportion of L3 leaving mosquito per bite
	[0.12, 0.7]
	[6]

	ψ2
	The establishment rate1
	[0.0000398, 0.00364]
	[3-5, 7]

	μ
	The worm mortality rate 
(per month)
	[0.008, 0.018]
	[3-5, 8-11]

	α
	Production rate of microfilariae per worm
(per month)
	[0.25, 1.5]
	[3-6]

	γ
	The death rate of the microfilariae
(per month)
	[0.08, 0.12]
	[4-6, 10]

	g
	Proportion of mosquitoes which pick up infection when biting an infected host
	[0.259, 0.481]
	[4, 5, 12]

	σ
	Death rate of mosquitoes
(per month)
	[1.5, 8.5]
	[4, 5, 7]

	κ
	Maximum level of L3 given mf density
	[3.955, 4.83]
	[4, 5]

	c
	Strength of acquired immunity
	[0.0000003, 0.0109]
	[4, 5]

	

	Immunity waning rate (per month)
	[0, 0.000001] 
	[4, 5]

	Extrinsic Biological parameters

	V/H
	Ratio of number of vector to hosts
	

	Data (Table 1)

	HLin
	

A threshold value used into adjust the rate at which individuals of age a are bitten: linear rise from 0 at age zero to 1 at age Hlin in years. 
	 [12, 240] months
	[4, 5, 13]

	r
	Gradient of mf uptake2
	[0.0495, 0.22]
	[4, 5]

	IC
	Strength of immunosuppression3
	[0.5, 5.5]
	[4, 5]

	SC
	Slope of immunosuppression function4
(per worm/month)
	[0.01, 0.19]
	[4, 5]

	k0
	The basic location parameter of negative binomial distribution used in aggregation parameter 

()
	[0.000036, 0.00077]
	[4, 5, 14, 15]

	kLin
	The linear rate of increase in the aggregation parameter defined above
	[0.00000024, 0.282]
	[4, 5, 14, 15]

	Description of the functions used in the model

	Function
	Mathematical expression
	Parameters
	Source 


	Probability that an individual is of age a
 π(a)
	

	Human age a in month
	[4, 5, 13]

	Adult worm mating probability ϕ(W,k) 
	
	k – negative binomial aggregation parameter
	[3-5, 16]

	Immunity to larval establishment g1(I)
	
	c – strength of immunity to larval establishment
	[4, 5]

	Host immune-suppression
g2(W)
	
	IC – strength of immunosuppression;
SC – slope of immunosuppression
	[4, 5]



1The proportion of L3-stage larvae infecting human hosts that survive to develop into adult worms [4]. 
2The gradient of mf uptake r is a measure of the initial increase in the infective L3 larvae uptake by vector as M increases from 0 [4, 13]. 
3 The facilitated establishment rate of adult worms due to parasite-induced immunosuppression in a heavily infected human host 
4 The initial rate of increase by which the strength of immunosuppression is achieved as W increases from 0 [17]. 
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Additional Table S2 - Monte Carlo p-values (age-stratified and overall) [18] for the fitted models to the baseline infection data collected all the 18 study sites.
	Peneng
	0 to 10
	10 to 20
	20 to 30
	30 to 40
	40 to 50
	50 to 60
	Overall 
	
	
	
	
	
	
	

	 
	0.749
	0.348
	0.966
	0.865
	0.999
	0.87
	0.998
	
	
	
	
	
	
	

	Albulum
	0 to 10
	10 to 20
	20 to 30
	30 to 40
	40 to 50
	55 to 65
	Overall 
	
	
	
	
	
	
	

	 
	0.779
	0.972
	0.311
	0.85
	0.985
	0.999 
	0.998
	
	
	
	
	
	
	

	Yauatong
	0 to 10
	10 to 20
	20 to 30
	30 to 40
	40 to 50
	50 to 60
	60 to 70
	Overall 
	
	
	
	
	
	

	 
	0.769
	0.997
	0.831
	0.987
	0.997
	0.999 
	0.051
	0.999 
	
	
	
	
	
	

	Nanaha
	0 to 10
	10 to 20
	20 to 30
	30 to 40
	40 to 50
	50 to 60
	60 to 70
	Overall 
	
	
	
	
	
	

	 
	0.999 
	0.945
	0.827
	0.622
	0.457
	0.999 
	0.999 
	0.999 
	
	
	
	
	
	

	Ngahmbule
	0 to 10
	10 to 20
	20 to 30
	30 to 40
	40 to 50
	50 to 60
	60 to 70
	Overall 
	
	
	
	
	
	

	 
	0.736
	0.865
	0.715
	0.78
	0.764
	0.999 
	0.984
	0.972
	
	
	
	
	
	

	Masaika
	1 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	

	 
	0.989
	0.678
	0.156
	0.678
	0.567
	0.999 
	0.889
	0.999 
	0.999 
	0.999 
	
	
	
	

	Tawalani
	0 to 4
	6 to 9
	11 to 14
	16 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	

	 
	0.999 
	0.36
	0.904
	0.999 
	0.999 
	0.999 
	0.735
	0.794
	0.294
	0.999 
	
	
	
	

	Jaribuni
	1 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	70 to 79
	Overall 
	
	
	

	 
	0.999 
	0.886
	0.835
	0.999 
	0.608
	0.304
	0.823
	0.582
	0.999 
	0.999 
	0.999 
	
	
	

	Tingrela
	0 to 5
	6 to 10
	11 to 15
	16 to 20
	21 to 30
	31 to 40
	41 to 50
	51 to 60
	Overall 
	
	
	
	
	

	 
	0.771
	0.19
	0.82
	0.998
	0.618
	0.362
	0.9
	0.999 
	0.97
	
	
	
	
	

	Chiconi
	10 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	
	
	
	

	 
	0.206
	0.984
	0.997
	0.763
	0.981
	0.999 
	0.999 
	
	
	
	
	
	
	

	Kingwede
	1 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	

	 
	0.97
	0.991
	0.991
	0.78
	0.152
	0.999 
	0.982
	0.982
	0.999 
	0.997
	
	
	
	

	Mao
	0 to 4
	6 to 9
	11 to 14
	16 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	

	 
	0.989
	0.78
	0.484
	0.989
	0.999 
	0.857
	0.846
	0.714
	0.999 
	0.999 
	
	
	
	

	Mambrui
	1 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	70 to 79
	Overall 
	
	
	

	 
	0.91
	0.36
	0.16
	0.71
	0.999 
	0.999 
	0.999 
	0.5
	0.83
	0.999 
	0.999 
	
	
	

	Pondicherry
	0 to 5
	6 to 10
	11 to 15
	16 to 20
	21 to 30
	31 to 40
	41 to 50
	51 to 60
	61 to 70
	Overall 
	
	
	
	

	 
	0.492
	0.034
	0.408
	0.702
	0.79
	0.115
	0.641
	0.969
	0.999 
	0.939
	
	
	
	

	Calcutta
	0 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 24
	25 to 34
	35 to 44
	45 to 54
	55 to 64
	Overall 
	
	
	
	

	 
	0.964
	0.937
	0.991
	0.999 
	0.495
	0.315
	0.901
	0.577
	0.91
	0.964
	
	
	
	

	Vettavallam
	1 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 29
	30 to 39
	40 to 49
	50 to 59
	60 to 69
	Overall 
	
	
	
	

	 
	0.999 
	0.094
	0.283
	0.396
	0.849
	0.83
	0.075
	0.981
	0.981
	0.999 
	
	
	
	

	Pakistan
	1 to 4
	6 to 9
	11 to 14
	16 to 19
	20 to 24
	25 to 29
	30 to 34
	35 to 39
	40 to 44
	45 to 49
	50 to 54
	55 to 59
	60 to 64
	Overall 

	 
	0.953
	0.482
	0.995
	0.016
	0.987
	0.045
	0.945
	0.733
	0.963
	0.911
	0.882
	0.999 
	0.999 
	0.999 

	Jakarta
	0 to 4
	5 to 9
	10 to 14
	15 to 19
	20 to 24
	25 to 29
	30 to 34
	35 to 39
	40 to 44
	45 to 49
	50 to 54
	Overall 
	
	

	 
	0.906
	0.413
	0.964
	0.174
	0.362
	0.246
	0.999 
	0.232
	0.957
	0.999 
	0.21
	0.92
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[bookmark: _GoBack]Table S3 - Test results for differences in mf breakpoints, threshold biting rates (TBRs), and the baseline annual biting rates (ABRs) between study villages in the anopheline and culicine villages, as well as by mosquito species. We used a Binomial Generalized Linear Model for testing between-villages/species differences in mf breakpoints, while a one-way ANOVA was used for differences in TBRs and a Wilcoxon signed rank test was used to test for between-village differences in baseline ABRs.
	Test groups (Mf Breakpoints)
	Df
	Chi-squared
	p-values

	Anopheline sites (10 in total)
	
	
	

	Mf breakpoints (at TBR) by village
	9
	1119.993
	< 0.0001

	Mf breakpoints (at ABR) by village
	9
	1294.745
	< 0.0001

	Culicine sites (8 in total)
	
	
	

	Mf breakpoints (at TBR) by village
	7
	814.9113
	< 0.0001

	Mf breakpoints (at ABR) by village
	7
	393.2089
	< 0.0001

	By species (culicine versus anopheline)
	
	
	

	Mf breakpoints at ABRs by species
	1
	0.1422
	0.7061

	Mf breakpoints at TBRs by species
	1
	113.598
	< 0.0001

	
	
	
	

	Test groups (TBRs)
	Dfs (group, residuals)
	F-value
	p-values

	Anopheline sites (10 in total)
	
	
	

	TBRs by village
	(9, 2445)
	127
	< 0.0001

	Culicine sites (8 in total)
	
	
	

	TBRs by village
	(7, 1449)
	1286
	< 0.0001

	By species (culicine versus anopheline)
	
	
	

	TBRs by species
	(1, 3910)
	7.119 
	0.00766

	
	
	
	

	Test groups (ABRs)
	V
	
	p-values

	Anopheline ABRs
	55
	
	0.001953

	Culicine ABRs
	36
	
	0.007813

	All ABRs
	171
	
	< 0.0001
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Table S4 - Results of one-way ANOVA for differences in the required MDA rounds between study villages in the anopheline and culicine settings, as well as by mosquito species. The required MDA rounds were tested for the two strategies: MDA alone and MDA + VC. The results used here were from the simulated interventions at 80% coverages of MDA and VC (where applicable), at the elimination threshold of 95% EP.
	Test groups
	DFs (group, residuals)
	F value
	p-values

	Anopheline sites (10 in total)
	
	
	

	Number of the required MDA rounds (MDA alone)
	(9, 2445)
	831.9
	< 0.0001

	Number of the required MDA rounds (MDA + VC)
	(9, 2445)
	2532
	< 0.0001

	Culicine sites (8 in total)
	
	
	

	Number of the required MDA rounds (MDA alone)
	(7, 1449)
	370.6
	< 0.0001

	Number of the required MDA rounds (MDA + VC)
	(7, 1449)
	661.6
	< 0.0001

	By species
	
	
	

	Number of the required MDA rounds in MDA Alone
	(1, 3910)
	188.7
	< 0.0001

	Number of the required MDA rounds in MDA + VC
	(1, 3910)
	217
	< 0.0001
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Additional Figure S1 - Numerical stability analysis of the fitted models to the baseline infection prevalence data. The results are shown for the SIR-selected parameter vectors which produced the best model fits to the Peneng baseline data shown in Figure 1. The upper (red solid lines) and lower branches (light green dashed line), respectively, represent the endemic stable and the unstable % overall mf prevalence - the latter prevalence values serving as a unstable boundary between the stable endemic infection and zero infection states, and thus representing the infection breakpoint thresholds above which the system moves to an endemic equilibrium and below which it moves to the zero attractor [3] -  as a function of annual biting rate (ABR) of vector mosquitoes, labeled as vector biting rate on the x-axis. Note that the values of % mf prevalence on the y-axis are shown on the logarithmic scale. The solid horizontal line drawn at 1% mf prevalence is provided to guide the eye to take note of how the worm breakpoint value estimated at a prevailing baseline ABR (e.g. 8194 bites/person/year for the Peneng site) will steadily increase as ABR values decrease from right to left. The maximum worm breakpoint is reached at the threshold biting rate (TBR), the value of vector biting rate at which the two branches - the lower (unstable) and upper (stable) ones - meet. These two sets of worm breakpoint values, one set of values at the prevailing ABR and the other at TBR, were used to calculate the extinction threshold values for 50%, 75% and 95% probability of successful transmission interruption. As mass drug administration (MDA) does not change ABR values, infection breakpoints at ABR are relevant for modelling parasite elimination using MDA alone; by contrast, as vector control reduces ABR progressively towards the TBR values, the higher maximal infection breakpoints obtained at TBR are more relevant targets for infection elimination using the combined MDA plus VC intervention.
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[bookmark: _Ref371605221]Additional Figure S2 - Mf breakpoint threshold values for interrupting LF transmission at the prevailing ABR with different levels of elimination probabilities. Given a distribution of threshold mf breakpoint values as estimated for each village by the BM fit of the LF model, we may use the complementary cumulative density function (CDF) of these estimates, as illustrated by the solid curves in the above figure, to calculate the exceedance risk of LF extinction for a given value of the mf breakpoint and thereby derive the probability of LF extinction arising when crossing below that breakpoint [19]. Here, we used this method to estimate three mf prevalence threshold values for which the elimination probabilities (EPs) are 50%, 75% and 95%, respectively. These values are shown by the three vertical dashed lines that intersect the cumulative probability curve in the figure, with the blue representing the mf value denoting a 50% probability of elimination, the black, a 75% EP, and the red, a 95% EP. Note that mf breakpoint values decline in value with increasing probabilities of elimination. The inset plots are given to clearly differentiate the three lines by in those settings (namely, ‘Albulum’, ‘Yauatong’, ‘Pondicherry’, ‘Jakarta’, and ‘Chiconi’), where they do not appear to be distinguishable from one another in the main plots.
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[bookmark: _Ref399145997]Additional Figure S3 - Illustration of the impact of vector control (VC) when used as a supplement to annual mass drug administration (MDA) on infection thresholds. The saw-toothed curves in the plot represent the modelled change in community-level mf prevalence (%) due to MDA-based interventions using the best-fit set of parameter vectors obtained from the Peneng study site of PNG. Note that the mf prevalence values on the y-axis are on a logarithmic scale. The red curves represent the declines in infection when LF intervention was simulated for annual MDA at 60% population-level coverage with 80% reduction in the mean annual biting rate due to VC, while the blue curves represent the corresponding change in mf prevalence for the same delivery of annual MDA but without VC. The orange and green horizontal lines depict the temporal evolution of elimination threshold values (in terms of % mf prevalence) over the period of each intervention: the orange line represents the case when MDA was supplemented by VC while the green line depicts the case when MDA was applied alone. The results show that as intervention progresses through time, VC will raise the LF elimination threshold by reducing the mosquito biting rate (see Additional Fig. 1). In the absence of VC, there will be no change in the elimination threshold during the intervention period. The two vertical dashed lines show the time points when the modelled mf prevalence for the two types of interventions had gone below the respective elimination threshold values for 90% of the best-fit parameter vectors. This indicates how increased effectiveness as well as raised elimination thresholds will allow the meeting of the goal of LF elimination earlier in the case of the MDA plus VC intervention in comparison with using MDA alone. 
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Additional Figure S4 - Variability in the impact of annual mass drug administration (MDA) in different LF endemic settings. These are shown for the remaining 7 anopheline study sites: top 3 sites from PNG while the remaining 4 ones from Africa. Supplemental use of vector control (VC) both reduces the number of years of interventions required to achieve LF interruption as well as variability in these years across all drug coverages from 40% to 100%. The results are shown for the transmission threshold with 95% elimination probability (EP). The results for the 50% and 75% EP thresholds show the same behaviour (data not shown). The results are from the model simulations for both LF intervention scenarios: MDA Alone and MDA + VC.
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Additional Figure S5 - Variability in the impact of annual MDA in different LF endemic settings. These are shown for the remaining 6 culicine study sites: top 2 sites from Africa while the remaining 4 ones from the Southeast Asia. Everything else is as in Additional Figure 4.
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