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Supplementary Methods

The mathematical model of LF transmission dynamics

We employed a genus specific 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 (1 (a,t)) developed by human hosts against L3 larvae; and intensity of

Circulating Filarial Antigen (CFA) (denoted by A(a, t)). 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; A - intensity of CFA where Wr = 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 289,
This basic coupled immigration-death structure of the model as well as its recent extensions has been
extensively discussed previously! %82 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, z, 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 > 7 is given by

¢ =exp(-ur) . The term 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 as expressed below:

1
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for mosquitoes of Anopheline genus;

fIM(a,t)] =

-k
fIM(a,t)] = (1 + @ (1 — exp [— %])) for mosquitoes of Culicine genus.

In the above, k[=k, +k M] is the shape parameter of the negative binomial distribution on the mf uptake

whereas r and k respectively the rate of initial increase and the maximum level of L3 larvae. See Supplementary

Table 1 for the description of all the model parameters and functions.



Supplementary Table 1: Description of EPIFIL model parameters and functions.

Parameter Definition (units) Range Refs
1,25
2 Number of bites per mosquito (per month) [5, 15] 10,11
T Pre-patency period [1,9] v
S Proportion of female worms 0.5 -
1,25
Hu The worm mortality rate (per month) [0.008, 0.018] 1316
1,25
a Production rate of microfilariae per worm (per month) [0.25, 1.5] 17
1,5, 15,
y The death rate of the microfilariae (per month) [0.08, 0.12] 17
az Production rate of CFA (per worm per month) [2, 8] S-It—LT(Ijil
This
y2 Decay rate of CFA (per month) [0.4,0.5] study
Pro_portlon of mosquitoes which pick up infection when biting [0.251, 0.485] 15 18
an infected host
K Maximum level of L3 given Mf density [3, 5] LS
The basic location parameter of negative binomial distribution 1510
Ko used in aggregation parameter [0.000036, 0.000775] o
(k=k, +k;;M)
) Immunity waning rate (per month) [0.001, 0.01] L5
V/H Ratio of number of vector to hosts MBR" / 1 data
B - B - . 1,5,19,
Kiin The linear rate of increase in the aggregation parameter defined [0.00000024, 0.282] .
above
c Death rate of mosquitoes (per month) [1.5,8.5] 1,520
w1 Proportion of L3 leaving mosquito per bite [0.1,0.8] 7
1,25
) The establishment rate! [0.00003, 0.00364] n
A threshold value used inh(a)to adjust the rate at which
individuals of age a are bitten: linear rise from O at age zero to 1 Lso
HLin at age Huin in years. [240, 360] months 5
h(@)=a/H, fora<H;h(@)=1fora>H,,
r Gradient of Mf uptake? [0.04, 0.25] L5
c Strength of acquired immunity [0.015, 0.025] L5
Ic Strength of immunosuppression® [0.5,5.5] L5
H H H 4
S Slope of immunosuppression function [0.01, 0.20] 15
(per worm/month)
Intervention-related parameters
o Worm killing efficacy of drug (instantaneous) dependept on drug 3
regimen
& Microfilariae Killing efficacy of drug (instantaneous) deper;gg?;qzz drug 8
5 Reduction in the worm’s fecundity over a period of time p due dependent on drug 3
reduc to drug regimen
A time period during which the drug remains efficacious in dependent on drug 3
P reducing the fecundity of the surviving adult worms regimen
C Percentage of the population administered the drug data data
Vector control (VC) modifies V/H (= MBR/A ) where
MBRvc MBR = MBR, exp[a,t], witha, <0 for Vtwhen VC is data and estimates 19,20
implemented, otherwise a, >0.
Description Mathematical expressions of the functions Parameters
Probability that an Human age a in month, 1,5,9

individual is of age an(a)

(@) = A exp[-B,a]

Aoand Boestimated from
country demographic data




Larvae establishment
rate (modified by
acquired immunity)
Q(a,p)

L*l//ll//zgl(l )9, (W;)

y/, - proportion of L3
leaving mosquito per bite;
y, - the establishment rate!

Adult worm mating 1- 1+ﬂ s k — negative binomial 2522
probability ¢(W,k) 2k aggregation parameter
Immunity to larval 1 ¢ — strength of immunity to 15
establishment ga(l) 1+cl larval establishment
Ic — strength of
Host immunosuppression 1+ 1S W, immunosuppression; s
g2(Wr) 1+ S W, Sc — slope of

immunosuppression

IThe 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 02 °.
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 0%,

# 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.

Modeling intervention by mass drug administration

Intervention by mass drug administration was modeled based on the assumptions that anti-filarial treatment with
a combination drug regimen act by killing certain fractions of the populations of adult worms and microfilariae
instantly after the drug administration®. These effects are incorporated into the basic model by calculating the

population sizes of worms and microfilariae as follows:

P(a,t +dt) =(1- @C)P(a,t)
W t+dt)=1-oC)W(at)  attimet=T,,
M(a,t+dt)=(1-eC)M(a,t)

where dt is a short time period since the ith MDA was administered. During this short time interval, a given
proportion of adult worms and microfilariae are instantly removed. The parameters w and ¢ are drug killing
efficacy rates for the two life stages of the parasite while the parameter C represents the MDA coverage. Apart
from instantaneous killing of microfilariae, the drug continues to kill the newly reproduced mf by any surviving

adult worms at a rate dreduc for a period of time, p. We model this effect as follows:



oM (a,t) N oM (a,t) _a-s,
ot oa

. C)sad(W (a,t), k)W (a,t) —yM(a,t), for Tuos, <t<Typ, +P

We simulated LF intervention by running the model with fixed values of &, dreduc, and p (here dreduc=1) for MDA
coverage levels given by data. The worm-kill parameter, w, was drawn from a uniform prior distribution such
that the post-intervention data could inform this efficacy value. The first MDA round was implemented in the
model by affecting the population sizes of worms and microfilariae from the baseline fits, and then the
intervention is simulated forward in time for a number of years, with subsequent MDA rounds implemented

annually.

Modeling intervention by Vector Control

In addition to MDA, we also modeled the added effect of long-lasting insecticidal nets (LLINS) as described

previously®. The impact of LLINs with three main actions against mosquito biting was modelled: 1) deterrence

from entering the home (efficacy 7,), 2) inhibition of their ability to feed on humans (efficacy 7, ), and 3)
killing them (efficacy 7,)?>?. To capture these effects, which decay over time as the larvicide efficacy declines

exponentially at rate A, we adjust the term V/H to be appropriately modified according to the population

coverage for LLINs (C, ):

|74
I (1 —nyexp (—At)Cppn) (1 — nzexp (—At)Crpyy) (1 — nzexp (—At)Cppin)



Supplementary Table 2: Baseline mf prevalence, ABR, and MDA data in the six LF endemic study sites.

Setting* Site Mosquito Genus ABR® Baseline mf Regimen Average MDA
prevalence (Efficacy®) coverage
/Observed MDA
rounds
DokanTofa, Nigeria Anopheles 300-5000 5.0% IVM+ALB 76% /7
Low 27 (99/9)
Piapung, Nigeria % Anopheles 300-5000 9.9% IVM+ALB 7% 17
(99/9)
Missasso, Mali 28 Anopheles 605.9 20.2% IVM+ALB 75% /6
Medium (99/9)
Kirare, Tanzania ° Anopheles? 2090 26.1% IVM+ALB 66% /6
(99/9)
Peneng, PNG ° Anopheles 8194 66.7% DEC+IVM 69% /5
High (95/6)
Dozanso, Mali 2 Anopheles 605.9 40.0% IVM+ALB 75% /6
(99/9)

*Low: mf prevalence 1%-15%, Medium: mf prevalence 16%-35%, High: mf prevalence >35%

aTransmission in Kirare is by both Anopheles and Culex mosquitoes, but models based on the dominant species (Anopheles) were used in this study. The ABR represents the
combined biting rate.

®In the model simulations, the prior ABR range was informed by the observed ABRs reported here.

°Drug efficacy figures denote the proportionate instantaneous adult worm and mf kill rates and the duration of adult worm sterilization in months.



Supplementary Table 3: Monte Carlo p-values for pre- and post-MDA data.

Age-stratified and overall Monte Carlo p-values for baseline data

0-9 10- 20- 30- 40- 50- 60- 70- Overall
19 29 39 49 59 69 79
DokanTofa | 0.012 0.988 0.396 0.882 0.966 0.677 0.535 0.111 0.135

Piapung | 0.026 0055 0081 0315 0315 0002 048 0125 0011

Missasso 0.149
Kirare 0.022
Peneng 0.878
Dozanso 0.215

MDA round wise and overall Monte Carlo p-values for post MDA data

1st 2nd 3rd 4th 5th 6th 7th 8th Overall

DokanTofa 1.0 0.974 1.0 0.907 0.977 1.0
Piapung 1.0 10 10 1.0 1.0
Missasso | 0.91 0.884 0.815
Kirare | 099 0994 1.0 1.0 0986 0.998 0.972
Peneng | 0.761 0.938 0249 0122 0508 0273 0.671
Dozanso | 0.952 0.878 0.865

Monte Carlo p-values: MONTE CARLO significance test procedures consist of the comparison
of the observed data with random samples generated in accordance with the hypothesis being
tested. The p-value is the probability of obtaining results at least as extreme as the observed
results of a statistical hypothesis test, assuming that the null hypothesis is correct. A smaller p-
value means that there is stronger evidence in favour of the alternative hypothesis. p > 0.05 is
the probability that the null hypothesis is true. A statistically significant test result (p < 0.05)
means that the test hypothesis is false or should be rejected.



Supplementary Table 4: Observed and model predicted post-MDA outcomes based on using the
WHO recommended 1% mf threshold for the six LF infected sites.

Probability of | Probability of
No. of annual | mf prevalence Mean No. of elimination recrudescence
Settings Site MbA rounds following years to reach (%) 5yea_r S (%) 5yea_rs
observed interventions 1% mf (model | after crossing | after crossing
predicted) 1% mf 1% mf
threshold threshold
DokanTofa, 7 0.4% 3 1 21
Nigeria
Low Piapung, 7 2.1% 4 0 15
Nigeria
Missasso, 6 0.0% 5 1 34
Medium Kirare, 6 2.7% 7 9 55
Tanzania
Pgr,'jgg' 5 3.7% 9 41 35
High
'g Pozanso. 6 0.0% 6 12 34




Supplementary Table 5: Model predicted post-MDA outcomes for model predicted 95% EP mf
thresholds for the six LF infected sites.

Mean no. Probability of
95% mf of years | Probability of |recrudescence
EP to reach |elimination (%) | (%) 5years
. . threshold Kiin 95% mf | Syears after [after crossing
Settings Site values for |k~ EP crossing model model
ABR (for threshold | predicted 95% | predicted
TBR) (model | EP threshold | 95% mf EP
predicted) threshold
DokanTofa, | 0.003109
Nigeria  |(0.031017) 0.00005-0.0011 |0.0025-0.3455| 11 64 1
Low Piapung, | 0.001550
Nigeria  |(0.041388) 0.00004-0.0011 |{0.0109-0.3835| 13 31 0
Missasso, | 0.007500
Mali (0.021637) 0.00006-0.0012 | 0.0074-0.157 15 72 0
Medium Kirare, 0.001799
Tanzania |(0.037083) 0.00006-0.0011 [0.0049-0.3219| 18 73 1
Peneng, 0.004534
PNG (0.065918) 0.00006-0.00076 |0.0154-0.2508| 19 98 1
High Dozanso, | 0.001101
Mali (0.018659) 0.00011-0.0011 |0.0042-0.3142| 16 54 0

~ Parameter values for the linear infection aggregation function estimated in each study site. Note that
these low values indicate a high level of infection clustering in each community, which constitute a major
reason for the corresponding low valued 95% EP thresholds estimated for each site.



Supplementary Table 6: Pre- and post-treatment mf prevalence data for two groups of villages in

Tirukoilur, India.

Treatment Groups

M&E data *°

Pre-treatment (1994
October-December)
mf positive (%) (no. of
sample)

First survey (1997
October-December)
mf positive (%) (no. of
sample)

Second survey (1999
April-June) mf
positive (%) (no. of
sample)

Group A (MDA alone
for 1995 (June-August)
and 1996 (July-
September)

15.19 (724)

1.81 (609)

4.74 (591)

Group B (MDA+VC for
1995 (June-August) and
1996 (July-September)
and VC up to 1998
(December))

15.09 (795)

1.24 (645)

2.08 (673)




Supplementary Figure 1: Impact of annual MDA, biannual MDA and annual IDA on L3
prevalence in Piapung for the model predicted 95% EP mf threshold. Red curves indicate
the model predicted L3 curves not having significant positive or negative slopes (considered as
transient curves) whereas gray lines indicate the model predictions having significant positive or
negative slopes. Numbers in red color indicate the percentage of transient curves. Blue, black,
and green dotted vertical lines indicate the times to cross the 95% EP L3 threshold, 95% EP mf
threshold, and Syears after reaching 95% EP threshold respectively, whereas the black and blue
dotted horizontal lines are indicating 95% EP mf and L3 thresholds respectively.
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