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Supplementary Results
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Supplementary Figure S1. Estimates of site-specific drug efficacies using model fits to
intervention community trial data. This figure accompanies Figure 2 in the main text,
reporting the results of the remaining trial sites. The 500 parameter vectors fitted to baseline
conditions were used to project the impact of DEC-medicated salt with each vector simulated
500 times via sampling from an initial range of plausible drug parameter values. Intervention
survey data used to accept or reject a parameter vector are represented by red crosses with
95% binomial error bars in the main plot axes. Gray curves are the model fits from which
monthly worm and mf kill rates per site were calculated. Inset plots show the posterior relative
frequency distributions of the monthly worm and mf kill rates for each site.



Supplementary Table S1. Median estimates of DEC-medicated salt monthly worm and mf
killing rates as predicted by model fits to intervention community trial data.

Village Worm Kill  Mf Kill
Yangwen 1st 0.590 0.895
Yangwen 2nd 0.567 0.888
Yangwen 3rd 0.564 0.876
Yangwen 4th 0.546 0.881

Sungisun 0.703 0.930
Hseihchuang 0.506 0.859
Lakshadweep 0.528 0.632

Karaikal 0.935 0.744

Little Kinmen 0.963 0.884
Kwemwale/Nkumba 0.539 0.185
Miton 0.507 0.236

Supplementary Table S2. Model-predicted site-specific mf breakpoints under ABR and
TBR conditions for three elimination probabilities.

Village At ABR At TBR
50% EP 75% EP 95% EP 50% EP 75% EP 95% EP
Yangwen 1st 0.051 0.031 0.014 1.245 0.653 0.208
Yangwen 2nd 0.053 0.033 0.014 1171 0.609 0.208
Yangwen 3rd 0.055 0.034 0.016 1.174 0.618 0.205
Yangwen 4th 0.055 0.034 0.016 1.338 0.659 0.199
Sungisun 0.051 0.034 0.015 1.388 0.703 0.209
Hseihchuang 0.055 0.034 0.016 1.303 0.671 0.186
Lakshadweep 0.058 0.037 0.017 1.179 0.538 0.179
Karaikal 0.098 0.067 0.038 0.168 0.112 0.047
Little Kinmen 0.063 0.040 0.019 1.098 0.586 0.181

Kwemwale/Nkumba  0.069 0.050 0.023 1.340 0.875 0.336
Miton 0.074 0.049 0.022 1.170 0.654 0.155




Supplementary Table S3. Mean differences between intervention times under Regimen A and Regimen B used in the post-

hoc Tukey’'s HSD multiple comparison tests. Highlighted cells indicate there were significant differences between the group

means being compared (p-values < 0.05).

Regimen A
No VC 50% VC 80% VC
3 3 3
= = =
60% DEC 0.195 0.323 -3.137 -5.360 -1.841 0.736 0.759 0.772 -0.577 -1.851 0.017 0.739 0.761 0.773 -0.511 -1.772 0.054
80% DEC 0.129 -3.331 -5.555 -2.036 0.541 0.565 0.578 -0.772 -2.045 -0.177 0544 0.566 0.579 -0.706 -1.966 -0.141
g 100% DEC -3.460 -5.684 -2.165 0.413 0.436 0.449 -0.901 -2.174 -0.306 0.415 0.437 0.450 -0.834 -2.095 -0.269
= 80% IDA -2.224 1.295 3.873 3.896 3.909 2559 1.286 3.154 3.875 3.897 3.910 2.626 1.365 3.191
80% MDA 3,519 6.096 6.120 6.132 4.783 3510 5.378 6.099 6.121 6.134 4.849 3589 5.414
80% Biannual MDA 2577 2601 2613 1.264 -0.009 1.858 2580 2.602 2.615 1.330 0.070 1.895
60% DEC 0.023 0.036 -1.313 -2.587 -0.719 0.003 0.025 0.037 -1.247 -2.508 -0.682
g 80% DEC 0.013 -1.337 -2.610 -0.742 -0.020 0.001 0.014 -1.270 -2.531 -0.705
E g 100% DEC -1.349 -2.623 -0.755 -0.033 -0.011 0.001 -1.283 -2.544 -0.718
§ ;Sc: 80% IDA -1.273 0594 1316 1338 1.351 0.066 -1.195 0.631
80% MDA 1.868 2590 2.611 2.624 1.340 0.079 1.905
80% Biannual MDA 0.722 0.743 0.756 -0.528 -1.789 0.037
60% DEC 0.022 0.035 -1.250 -2.511 -0.685
O 80% DEC 0.013 -1.272 -2.532 -0.707
; 100% DEC -1.284 -2.545 -0.719
2 80% IDA -1.261 0.565
80% MDA 1.826




Supplementary Table S4. Test statistics, degrees of freedom, and p-values for pairwise two sample F-tests testing the differences in
variation of the time required to reach elimination under different treatment regimens. One-tailed two-sample F-tests were performed to test
whether the variance of Regimen A (column label) was less than the variance of Regimen B (row label). Significant p-values are highlighted. In all
comparisons, dfl = 11078 and df2 = 11078.

Regimen A + no VC

60% DEC 80% DEC 100% DEC 80% IDA 80% MDA 80% Biannual MDA

F p F p F p F p F p F p
(5) 60% DEC 1.000 0.500 0.813 0.000 0.750 0.000 0.797 0.000 2.349 1.000 0.584 0.000
e 80% DEC 1.230 1.000 1.000 0.500 0.922 0.000 0.979 0.136 2.888 1.000 0.718 0.000
; 100% DEC 1.333 1.000 1.085 1.000 1.000 0.500 1.062 0.999 3.132 1.000 0.779 0.000
S 80% IDA 1.255 1.000 1.021 0.864 0.942 0.001 1.000 0.500 2.949 1.000 0.733 0.000
% 80% MDA 0.426 0.000 0.346 0.000 0.319 0.000 0.339 0.000 1.000 0.500 0.249 0.000
i 80% Biannual MDA 1.712 1.000 1.392 1.000 1.284 1.000 1.363 1.000 4.021 1.000 1.000 0.500

Regimen A + 50% VC

60% DEC 80% DEC 100% DEC 80% IDA 80% MDA 80% Biannual MDA

F p F p F p F p F p F p
(>) 60% DEC 1.000 0.500 0.675 0.000 0.528 0.000 16.960 1.000 34.410 1.000 7.365 1.000
§ 80% DEC 1.482 1.000 1.000 0.500 0.783 0.000 25.129 1.000 50.985 1.000 10.913 1.000
L—? 100% DEC 1.893 1.000 1.278 1.000 1.000 0.500 32.108 1.000 65.145 1.000 13.944 1.000
ﬁ 80% IDA 0.059 0.000 0.040 0.000 0.031 0.000 1.000 0.500 2.029 1.000 0.434 0.000
,g 80% MDA 0.029 0.000 0.020 0.000 0.015 0.000 0.493 0.000 1.000 0.500 0.214 0.000
§ 80% Biannual MDA 0.136 0.000 0.092 0.000 0.072 0.000 2.303 1.000 4.672 1.000 1.000 0.500

Regimen A + 80% VC

60% DEC 80% DEC 100% DEC 80% IDA 80% MDA 80% Biannual MDA

F p F p F p F p F p F p
(>) 60% DEC 1.000 0.500 0.710 0.000 0.574 0.000 14.776 1.000 31.630 1.000 6.797 1.000
§ 80% DEC 1.408 1.000 1.000 0.500 0.808 0.000 20.804 1.000 44,534 1.000 9.570 1.000
(f 100% DEC 1.742 1.000 1.238 1.000 1.000 0.500 25.746 1.000 55.114 1.000 11.844 1.000
Eg 80% IDA 0.068 0.000 0.048 0.000 0.039 0.000 1.000 0.500 2.141 1.000 0.460 0.000
_OE: 80% MDA 0.032 0.000 0.022 0.000 0.018 0.000 0.467 0.000 1.000 0.500 0.215 0.000
dg; 80% Biannual MDA 0.147 0.000 0.104 0.000 0.084 0.000 2.174 1.000 4.653 1.000 1.000 0.500




The mathematical model of LF transmission dynamics

We employed a Culex mosquito-vectored transmission model of LF to carry out the modelling
work in this study’. Briefly, the state variables of this hybrid coupled partial differential and
differential equation model vary over age (a) and/or time (t), representing changes in the pre-
patent worm burden per human host (P(a,t)), adult worm burden per human host (W (a,t)), the
microfilariae (mf) level in the human host modified to reflect infection detection in a 1 mL blood
sample (M (a,t)), the average number of infective L3 larval stages per mosquito (L), and a
measure of immunity (I (a,t)) developed by human hosts against L3 larvae. The state equations

comprising this model are:
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The above equations involve partial derivatives of four state variables (P - pre-patent worm load,;
W - adult worm load; M - microfilaria intensity; | - immunity to acquiring new infection due to the
pre-existing total worm load where Wt = W(a,t) + P(a,t)). Given the faster time scale of infection
dynamics in the vector compared to the human host, the infective L3-stage larval density in
mosquito population is modelled by an ordinary differential equation essentially reflecting the
significantly faster time-scale of the infection dynamics in the vector hosts. This allows us to
make the simplifying assumption that the density of infective stage larvae in the vector

population reaches a dynamic equilibrium (denoted by L") rapidly™ 2 %8 °. This basic coupled



immigration-death structure of the model as well as its recent extensions has been extensively
discussed previously*3 %89 The effects of worm patency are captured by considering that at
any time t, human individuals of age less than or equal to the pre-patency period, 1, will have no
adult worms or Mf, and the rate at which pre-patent worms survive to become adult worms in

these individuals at a > 1is given by ¢ =exp(-u7z) . The term f(M)enables us to account for the

different establishment and development rates of the incoming L3-stage larvae as adult worms
depending on the genus of mosquito vectors. For culicine-mediated LF, the functional form
reflecting a negative-density dependent development of L3 larvae from ingested mf was
deployed in the model*. See Supplementary Table S5 for the description of all the model

parameters and functions.



Supplementary Table S5 - Description the basic LF model parameters and functions used

in the model.
Parameter Definition (units) Range Refs
A Number of bites per mosquito (per month) [5, 15] 12,510
11
T Pre-patency period [6, 9] 12
S Proportion of female worms 0.5 -
" The worm mortality rate (per month) [0.008, 0.018] 12,513
16
a Production rate of microfilariae per worm (per month) [0.25, 1.5] L2517
y The death rate of the microfilariae (per month) [0.08, 0.12] 1,515 17
g Proportion of mosquitoes which pick up infection [0.259, 0.481] 1,518
when bhiting an infected host
K Maximum level of L3 given Mf density [3.955, 4.83] L5
ko The basic location parameter of negative binomial [0.000036, 0.00077] 1,5,19,20
distribution used in aggregation parameter
(k=k, +k;,M)
) Immunity waning rate (per month) [0, 0.000001] L5
VIH Ratio of number of vector to hosts MBR* / 4 data
Kiin The linear rate of increase in the aggregation [0.00000024, 0.282] 1,5,19,20
parameter defined above
c Death rate of mosquitoes (per month) [1.5,8.5] 15,20
w1 Proportion of L3 leaving mosquito per bite [0.12, 0.7] 17
w2 The establishment rate! [0.0000398, 0.00364] | 252
Hiin A threshold value used in h(a) to adjust the rate at [12, 240] months Lee
which individuals of age a are bitten: linear rise from
0 at age zero to 1 at age Hiin in years.
h(a)=a/H, fora<H;h(a)=1fora>H,
r Gradient of Mf uptake? [0.0495, 0.22] L5
c Strength of acquired immunity [0.0000003, 0.0109] L5
Ic Strength of immunosuppression® [0.5,5.5] L5
Sc Slope of immunosuppression function* [0.01, 0.19] L5
(per worm/month)
MDA drug-related parameters
o Worm Killing efficacy (instantaneous) dependent on drug 3
regimen
€ Microfilariae killing efficacy (instantaneous) dependent on drug 3
regimen
Oreduc Reduction in the worm’s fecundity over a period of dependent on drug 3
time p regimen
p A time period during which the drug remains dependent on drug 3
efficacious in reducing the fecundity of the surviving regimen
adult worms
C Percentage of the population administered the drug data data
Implementing vector control (VC) such as IVM modifies theV/H (= MBR/1)
MBR,. MBR,. = MBR, exp[a,t], with &, <0 for Yt when VC data and estimates 1920
is ON, otherwise a, > 0.
Description Mathematical expressions of the functions Parameters
Probability Human age a in month, | %59
that an z(a) = A, exp[-B,a] Ao and By estimated from
individual is country demographic




of age a

n(a)

data

Larvae
establishment
rate (modified

Lyw,0,(1)9, (W, )

y, - proportion of L3
leaving mosquito per
bite, v, -the

by acquired

immunity) establishment rate!

Q(a,t)

Adult worm ek k — negative binomial 2522
mating 1- 1+ﬂ aggregation parameter
probability 2k

$(W.K)

Immunity to ¢ — strength of immunity | »°
larval 1 to larval establishment
establishment 1+cl

9:(1)

Host Ic — strength of 1.5
immunosuppr 1+ 1S We immunosuppression;

ession 1+ S.W, Sc - slope of

g2(Wr) immunosuppression

The proportion of L3-stage larvae infecting human hosts that survive to develop into adult worms?.

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

029,

3 The facilitated establishment rate of adult worms due to parasite-induced immunosuppression in a heavily infected human host

4The initial rate of increase by which the strength of immunosuppression is achieved as W increases from 023,

# Note MBR (monthly biting rate) serves as an input to initialize the model, measured as mosquito bites per person per month,
the value of which may be obtained from entomological surveys conducted in study sites. In the absence of the observed MBR

value, the model has been adapted to estimate it from the community-level Mf prevalence data.




Mf age profile construction in the absence of age-stratified infection data

The Bayesian Melding (BM) procedure for calibrating our deterministic LF model with data relies
on baseline age profiles of microfilaria (mf) prevalence, but, in some cases, only the overall
community level mf prevalence was available for a particular site in this study. This therefore
required the translation of the overall prevalence into theoretical age infection profiles. This was
done by firstly fitting equations to datasets (Supplementary Table S6 and Supplementary Table
S7) of age-stratified mf infection data which qualitatively follow either plateau or convex profiles
(Supplementary Figure S2). Specifically, plateau and convex age prevalence curves were

defined by the following equations where P is the mf prevalence as a function of age a:

P(a) =%l:a for plateau-type age profiles, and

1+———
11.99
P(a) =0.029a * exp[-0.033a] for convex-style age profiles.

The number of infected individuals in each age class was then derived from the observed
overall mf prevalence by applying these equations to the overall prevalence, while subdividing
the total population into age-classes in each site according to their respective national age-

demographic patterns.



Supplementary Table S6. Plateau-style age profile data

No. mf
Site Age No. Examined Positive Reference
<1 94 0
1-4 1056 30.624
5-14 3515 168.72
Quilandy Panchayath 15-24 2451 154.413 2
25-34 1394 76.67
35-44 1060 76.32
44+ 1535 96.705
0-1 124 0
2-5 526 4
6-10 775 18
Lucknow, Sitapur, Hardoi (rural) 11-20 1246 ar 25
21-30 1784 72
31-40 710 45
41-50 399 22
50+ 319 25
0-1 45 0
2-5 202 1
6-10 434 8
Sitapur Town (urban) 11-20 1076 >7 2
21-30 1329 70
31-40 637 46
41-50 288 20
50+ 169 13
1-5 4806 43
6-10 6208 143
11-20 10226 394
Greater Bombay 21-30 12744 503 2
31-40 11905 306
41-50 3353 158
50+ 1963 82
0-1 34 0
2-5 619 5
6-10 1909 38
Ghazipur (Rural) 11-20 2973 192 a1
21-30 2188 225
31-40 1670 198
41-50 1107 117
50+ 712 78




0-4 336 7.918
5-14 1438 138.944
15-24 973 99.01
Gopalpur 25-34 553 59.918 2
35-44 534 53.128
45-54 407 43.999
55+ 418 36
0-4 609 46.014
5-14 1345 116.883
15-24 748 95.333
Haldiapada 25-34 626 75.206 28
35-44 537 72.834
45-54 372 50.118
55+ 427 50.035



Supplementary Table S7. Convex style age profile data

No. mf
Site Age No. Examined Positive Reference
0-5 345 26
6-10 601 45
11-20 204 62
Bhagalpur 21-30 334 56 2
31-40 234 32
41-50 144 21
51+ 78 10
0-1 13 0
2-5 205 5
6-10 443 23
Gonda Town 11-20 807 65 %
21-30 773 88
31-40 509 57
41-50 206 19
50+ 142 14
0-5 121 4
6-10 211 29
11-15 224 43
16-20 195 52
Pondicherry 21-30 328 60 sl
31-40 215 38
41-50 121 22
51-60 82 16
61+ 52 12
0-1 11 0
2-5 1678 56
6-10 2867 236
Gorakhpur 11-20 4070 675 -
21-30 5212 778
31-40 3045 429
41-50 4051 590
50+ 1400 180
1-4 283 0
5-14 926 92
Chaliyum Ward | 15-24 °09 7 3
25-34 324 38
35-54 346 27
55+ 158 9
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