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Background. The Global Programme to Eliminate Lymphatic Filariasis (GPELF) aims to reduce and maintain infection levels 
through mass drug administration (MDA), but there is evidence of ongoing transmission after MDA in areas where Culex 
mosquitoes are the main transmission vector, suggesting that a more stringent criterion is required for MDA decision making in 
these settings.

Methods. We use a transmission model to investigate how a lower prevalence threshold (<1% antigenemia [Ag] prevalence 
compared with <2% Ag prevalence) for MDA decision making would affect the probability of local elimination, health outcomes, the 
number of MDA rounds, including restarts, and program costs associated with MDA and surveys across different scenarios. To 
determine the cost-effectiveness of switching to a lower threshold, we simulated 65% and 80% MDA coverage of the total population 
for different willingness to pay per disability-adjusted life-year averted for India ($446.07), Tanzania ($389.83), and Haiti ($219.84).

Results. Our results suggest that with a lower Ag threshold, there is a small proportion of simulations where extra rounds are 
required to reach the target, but this also reduces the need to restart MDA later in the program. For 80% coverage, the lower 
threshold is cost-effective across all baseline prevalences for India, Tanzania, and Haiti. For 65% MDA coverage, the lower threshold 
is not cost-effective due to additional MDA rounds, although it increases the probability of local elimination. Valuing the benefits of 
elimination to align with the GPELF goals, we find that a willingness to pay per capita government expenditure of approximately 
$1000–$4000 for 1% increase in the probability of local elimination would be required to make a lower threshold cost-effective.

Conclusions. Lower Ag thresholds for stopping MDAs generally mean a higher probability of local elimination, reducing long-term 
costs and health impacts. However, they may also lead to an increased number of MDA rounds required to reach the lower threshold 
and, therefore, increased short-term costs. Collectively, our analyses highlight that lower target Ag thresholds have the potential to assist 
programs in achieving lymphatic filariasis goals.
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Lymphatic filariasis (LF), a debilitating neglected tropical dis-
ease caused by parasitic filarial worms transmitted through 
mosquitoes, has affected about 882 million people in 44 coun-
tries [1]. The World Health Organization’s (WHO) 1997 

proposal of LF elimination prompted the inception of the 
Global Program to Eliminate Lymphatic Filariasis (GPELF) 
in 2000 whose main objective was to achieve elimination of 
LF as a public health problem across 73 endemic nations by 
2020 [2]. To date, WHO reports 19 countries and territories be-
ing validated as achieving elimination of LF as a public health 
problem, including Bangladesh and Lao People’s Democratic 
Republic [1]. By 2021, 11 additional countries had successfully 
implemented recommended strategies, stopped large-scale 
treatment, and are under surveillance to demonstrate that elim-
ination has been achieved [1].

The core intervention to reduce infection levels below a tar-
get threshold is annual mass drug administration (MDA) for 
≥5 years in affected areas, along with vector control where 
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possible. MDA uses either diethylcarbamazine + albendazole 
(termed DA) or albendazole + ivermectin (termed IA) [2], 
with some areas using the triple combination of ivermectin +  
diethylcarbamazine + albendazole (termed IDA) [3, 4]. To 
measure the impact of MDA and determine whether levels of 
infection have decreased below the threshold, WHO recom-
mends sentinel and spot-check community surveys (“epidemi-
ological monitoring surveys”), followed by a transmission 
assessment survey (TAS) [2], which is used to evaluate pro-
grams and inform decisions for stopping and restarting MDA 
(Figure 1A).

The TAS is a spatially representative survey of the population 
in an evaluation unit (EU; approximately <500 000 people) us-
ing the Alere Filariasis Test Strip. The survey design is built on 
the understanding that antigen-positive young children repre-
sent incident infection. Any positive signal in young children 
aged 6–7 years is cause for concern; infection levels in this 
age group should be very low if the program has achieved its 
aims of eliminating LF as a public health problem. The TAS, 
therefore, evaluates whether the upper 95% confidence interval 
(CI) for the prevalence of antigenemia (Ag) in this age group is 
less than the 2% target threshold. The exact sample size is guid-
ed by the characteristics of an EU, but approximately 30 sites 
are normally sampled, with 40–60 children 6–7 years old in 
each site. This results in a critical cutoff of <19 antigen-positive 
children for the EU to be declared as having “passed” the TAS 
and able to progress to posttreatment surveillance [2].

However, given the fact that the TAS relies on adult worm 
antigen detection as opposed to the presence of circulating mi-
crofilariae to indicate infection, and considering that the clear-
ance of antigens lags behind that of microfilariae, relying on Ag 
in children may not be the optimal method to assess the effec-
tiveness of IDA [6]. In countries where IDA is implemented, 
the WHO-recommended target threshold is <1% microfilariae 
threshold in adults (as per the IDA Technical Meeting Report, 
Coalition for Operational Research on Neglected Tropical 
Diseases (COR-NTD), October 2022).

Despite the success of MDA and the progress made by 
GPELF over the last decades, many challenges remain in 
achieving and sustaining LF elimination. For example, in cer-
tain regions, particularly where Culex mosquito is the main 
transmitting vector, there are difficulties in attaining [7] and 
maintaining the goals of the program [8, 9], possibly due to 
higher transmission efficiency by this vector [10–12]. There is 
also evidence of ongoing transmission in Culex areas that 
have passed the TAS, including in Sri Lanka [13] and Haiti 
[14], possibly due to the vector’s increased competence 
[15–18]. One approach being considered to circumvent this 
problem is a reduction in the upper 95% CI of the threshold 
to <1% Ag prevalence (representing a critical cutoff of <7 
antigen-positive children). Lower thresholds for stopping 
MDAs generally mean a higher probability of local elimination, 

reducing long-term costs and health impacts. However, they 
may also lead to an increased number of MDA rounds required 
to reach the lower threshold and, therefore, increased short- 
term costs.

To investigate these issues, here we use mathematical models 
of the transmission dynamics of LF to assess the potential im-
plications of modifying the threshold for TAS. The central ob-
jective is to address a key policy question: What impact would 
ensue from reducing the TAS threshold, transitioning from 
<2% Ag prevalence (measured through the upper CI of the es-
timate, ie, the number of positive children with the critical cut-
off being <19 for the standard design) to <1% Ag prevalence 
(measured as the number of positive children with the critical 
cutoff being <7)? Importantly, we focus on areas where the 
main transmission vector is Culex and for which there are doc-
umented country-specific cost-effectiveness thresholds, there-
by selecting India, Haiti, and Tanzania. Across these, the 
main treatment strategy is DA (India and Haiti) and IA 
(Tanzania, due to coendemicity with onchocerciasis). We 
note that another article [19] in this supplement focuses on 
the use of the 3-drug combination IDA, which has particular 
challenges for survey design because of reductions in microfi-
lariae density but not Ag over 1 or 2 rounds of treatment.

This study delineates 5 specific subquestions: (1) Does the re-
duction in the TAS threshold increase the positive predictive 
value (PPV) for local elimination? (2) Does the reduction in 
the threshold result in an increased number of MDA rounds 
and TAS surveys? (3) Does the reduction in the threshold con-
tribute to a diminished health burden, specifically in terms of 
disability-adjusted life-years (DALYs) averted for morbidity? 
(4) How do the comparative costs and health impacts manifest 
between the prevailing and reduced thresholds? and (5) How to 
factor in the benefits associated with the likelihood of meeting 
GPELF targets in terms of the probability of local elimination 
by lowering the TAS target thresholds? Addressing these ques-
tions will help assess whether lower thresholds have the poten-
tial to assist programs in achieving LF local elimination goals 
and how such decisions affect program costs.

METHODS

We use the stochastic TRANSFIL model [20] with the param-
eters previously estimated [21, 22] to represent transmission by 
Culex mosquitoes. The transmission model has been extended 
to include simulation of some health impacts of infection (see 
below). The transmission cycle starts with individual worms es-
tablishing in a host and then releasing immature microfilariae 
that circulate in the blood. These microfilariae are then picked 
up by the mosquitoes during blood feeding and transmitted to 
the next host when the next blood meal is taken. TRANSFIL 
captures the reduction in microfilariae in each host as an effect 
of MDA (see Box 1), as a function of simulated target coverage, 
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systematic nonadherence, and the efficacy of the drugs used 
[24]. For the purpose of this study, we modeled only the impact 
of MDA and did not include other potential interventions, such 
as vector control.

We considered closed populations (ie, no migration, only 
births and deaths) of roughly 100 000–50 000 people represent-
ing the population size of an EU in a standard TAS, per the 
WHO guidelines [2] and an exponential age distribution. We 
simulated the detection of Ag using parameters which were fit-
ted using bayesian Markov chain Monte Carlo framework to 
data from Malindi, Kenya, and Colombo and Gampaha, 
Western Sri Lanka [25]. MDAs were simulated with 65% and 
80% coverage (see Box 1) of the total population, to simulate 
effective and high coverage. Systematic nonadherence to 
MDA is included in the model by calculating the individual 
probabilities of receiving the treatment based on the coverage 
and between-round correlation parameter which was parame-
terized against data fitted to Leogane, Haiti, and Egypt [24].

We extended the model to simulate the health impact of in-
fection for the incidence of lymphedema, hydrocele and acute 
adenolymphangitis (ADL), based on previously published 
methods (section S1, part II, in the Supplementary Materials). 
Morbidity due to lymphedema and hydrocele was modeled 
by fitting the model to data from India [26]. The model assumes 

that damage sufficient to cause morbidity occurs once people 
have accrued a certain amount of damage due to a certain cu-
mulative worm burden (see Box 1) in their lifetime. We further 
assume ADL to occur about twice per year (0–7 times) in 70% 
(45%–90%) of patients with hydrocele and 4 (0–7 times) times 
annually for 95% (90%–95%) of patients with lymphedema 
[27]. Prevalence of these morbid conditions was converted us-
ing published disability weights (see Box 1) for the symptoms of 
LF [5], following previous analyses in this area. In our model, 
we do not consider the adverse effects of MDA, despite records 
of 13% feeling unwell after MDA but able to do normal every-
day activities and 3% reporting that they felt unwell enough 
that it stopped them doing normal everyday activities, such 
as going to school or work [28]. Despite evidence [29, 30] sug-
gesting that mental illness is an underestimated dimension of 
the global disease burden for LF, limitations in crude estimates 
and a lack of accurate data of depressive illness in LF prevent its 
inclusion in our modeling calculations for DALY burden.

For replicating the starting and stopping decisions as pre-
scribed by the WHO [2], we consider the TAS survey samples 
from 30 sites per EU. The distribution of baseline prevalences 
in these 30 sites is sampled from a normal distribution with 
3 different means (eg, 5%–10%, 10%–20%, or 20%–30%). 
Therefore, we simultaneously simulate 30 closed sites and 

Figure 1. A, Schematic diagram representing the steps taken by the Global Program to Eliminate Lymphatic Filariasis to interrupt transmission of lymphatic filariasis (adapt-
ed from [2]). B, Timeline plots for illustrating the model-predicted temporal trends in antigenemia (Ag) prevalence (solid lines), disability-adjusted life year (DALY) burden are 
computed as the morbidity prevalence of lymphedema, hydrocele and acute adenolymphangitis (dotted lines) times the disability weights [5] for a low baseline prevalence 
(5%–10%) using <1% threshold (left) and <2% threshold (right) as the stopping threshold criteria for transmission assessment survey (TAS) with 80% mass drug admin-
istration (MDA) coverage of the total population. Abbreviation: mf, microfilaremia.

S162 • CID 2024:78 (15 May) • Antony Oliver et al

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae108#supplementary-data


randomly sample 40–60 children aged 6–7 years from each of 
these sites to evaluate the TAS based on the critical cutoff. If 
the number of antigen-positive children across these 30 sites 
is greater than the critical cutoff, then we halt treatment until 
the next TAS survey. If the number of antigen-positive 
children does not exceed the critical cutoff then we continue 
MDA, per the algorithm (see Figure 1A). We iterate the 
algorithm for 1000 runs and present the mean as the chosen 
baseline prevalences.

For simulating the costs, we consider them as weightings on the 
number of TAS surveys ($12 494.75 [31]) and number of MDA 
rounds ($7640.92 [32]) required for 3 example endemic coun-
tries—Tanzania, India ,and Haiti. The time horizon for running 
the model was selected as 20 years from the start of the program 
where discounting (see Box 1) has been included, in line with other 
analyses in this area. We highlight that for cost-effectiveness anal-
ysis, including when expressing the cost-effectiveness using the 
metric expected incremental net monetary benefit (INMB) (sec-
tion S4, part II, in the Supplementary Materials for more details), 
we require a comparator that has been simulated using the TAS 
survey where children aged 6–7 years were sampled for Ag prev-
alence with the threshold of <2% Ag prevalence.

As defined in Box 1, for the willingness to pay (WTP) in US 
dollars $ per DALY averted for morbidity, we consider the per 
capita government expenditure, a country-specific cost- 
effectiveness threshold reflecting the opportunity costs—for 
Tanzania ($389.83 [33]), India ($446.07 [33, 34]), and Haiti 
($219.84 [33])—which has been adjusted for the purchasing pow-
er parity [35]. Specifically, we made use of the provided country- 
specific percentage of GDP per capita estimate that underlies the 
DALY-4 estimation method by multiplying the total per individ-
ual DALY value times a specific proportion of the GDP per capita 
[33] for computing the WTP per DALY averted for morbidity. 
For valuing the gains from local elimination in order to align 
countries’ efforts to the GPLEF goals, we simulate for a range 
with fixed values of the WTP for local elimination ($0, $5000, 
$10 000) [36] per 1% increase in probability of local elimination.

In summary, we simulated the transmission dynamics and 
morbidity associated with LF, including DALY burden (section 
S2, part II, in the Supplementary Materials) for 30 sites and 
simulated a TAS-like survey across those sites for starting 

Box 1. Glossary. Source: Turner et al [23].

1. Mass drug administration (MDA): A method of pre-
ventive chemotherapy involving the distribution of an-
thelminthic drugs to all eligible individuals within a 
specified area (such as a state, region, province, district, 
subdistrict, or village) on a routine basis, regardless of 
their individual infection status.

2. MDA coverage: The proportion of people who receive 
MDA.

3. Transmission assessment survey (TAS): A survey de-
signed to measure whether evaluation units have low-
ered the prevalence of infection to a level where 
recrudescence is unlikely to occur, even in the absence 
of MDA interventions.

4. Disability-adjusted life years (DALYs): The number of 
years lost due to premature death of the disease and the 
years lived with disability caused by the disease.

5. Disability weights: A factor (between 0 and 1) that is 
used to calculate the number of years lost due to dis-
ability that accounts for the severity of the disease.

6. Worm burden: The quantity of filarial worms presents 
within a host organism, typically measured by the 
number or mass of worms within a specific anatomic 
location or system.

7. Morbidity: The prevalence or incidence of disease or illness 
within a population, often measured by the frequency and 
severity of health-related symptoms. In this study, lymph-
edema refers to the improper functioning of the lymph sys-
tem that results in fluid collection and swelling; hydrocele 
refers to the swelling of the scrotum due to infection.

8. Willingness to pay (WTP): The amount of money the 
decision maker (individual, organization or govern-
ment) would be willing to spend per unit of clinical ef-
fectiveness (in this case, DALYs averted for morbidity 
or 1% increase in probability of local elimination). In 
this study, we rely on the WTP per capita government 
expenditure for 3 different example countries.

9. Net monetary benefit (NMB): A summary statistic that 
represents the value of an intervention (in this case, 
stopping and restarting MDA) in monetary terms 
when a WTP threshold for a unit of benefit (DALYs 
averted for morbidity or 1% increase in probability of 
local elimination) is known.

10. Incremental NMB (INMB): The difference in NMB be-
tween alternative interventions, a positive INMB indi-
cating that the intervention is cost-effective compared 
with the alternative at the given WTP threshold. In this 
case the incremental cost to derive the incremental 
benefit is less than the maximum amount that the de-
cision maker would be willing to pay for this benefit.

11. Discounting: The process of adjusting future costs and 
outcomes to a present value. The discount rate deter-
mines the strength of the time preference.

12. Purchasing power parities: Rates of currency conver-
sion eliminating differences in price levels between 
countries that are used to equalize the purchasing pow-
er of different countries.
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and stopping the MDA based on the different critical cutoffs. 
We investigated our modeling approach across different 
MDA coverages (65% and 80% of the total population) and dif-
ferent baseline LF prevalences. We considered the WTP for 
3 countries for which culicine mosquitoes are major transmit-
ters—India, Haiti, and Tanzania. We evaluated the impact of 
the different critical cutoffs using a model of the transmission 
dynamics, health and economic impact of LF. Therefore, to an-
swer the 5 crucial questions outlined above which are pertinent 
to our study, we use the following intermediate outcomes: (1) 
PPV [10], the probability of achieving local elimination (ie, 
proportion of simulations having no new transmissions within 
20 years after the last round of MDA) if the 1-year post-MDA 
Ag prevalence in a sample of <1700 children aged 6–7 years 
was below the given threshold; (2) evaluation of health impact 
through DALYs (see Box 1); (3) costs due to MDA rounds and 
TAS surveys; (4) comparison of critical cutoffs with their re-
spective TAS target thresholds, using the cost-effectiveness ap-
proach with the help of the expected INMB metric (see Box 1).

RESULTS

The impact of the infection on the interruption of LF transmis-
sion and reduction of the disease burden using DALYs depends 
on the threshold criteria defined for passing the TAS, as 

illustrated in the example of a setting with a baseline prevalence 
of 5%–10% and 80% MDA coverage of the total population 
(Figure 1B).

We find that the PPVs for local elimination were 83.8% (for 
5%–10% baseline prevalence), 72.57% (for 10%–20% baseline 
prevalence), and 62.08% (for 20%–30% baseline prevalence) 
of the model simulations for a threshold of <1% Ag prevalence 
as the stopping criteria. Alternatively, for a threshold of <2% 
Ag prevalence as the stopping criteria, we find that PPV was 
achieved in about 78.8%, 67.15%, and 59.64% of the simula-
tions, respectively (Supplementary Table 4 [part III in the 
Supplementary Materials]). Our findings, as highlighted in 
Figure 2 (circles), suggest that, regardless of the baseline prev-
alence and coverage, lowering the threshold increases the PPV 
for local elimination. These trends follow across different base-
line prevalences, MDA coverages and treatment strategies 
(Supplementary Table 4 and 7 [part III for DA drug combina-
tion and part III for IA drug combination, respectively, in the 
Supplementary Materials]).

Figure 2 also illustrates that a lower threshold results in an in-
crease in the proportion of simulations that require extra rounds 
to achieve the threshold. In general, a lower threshold leads to a 
reduction in the probability of having to restart after stopping 
(driven by the higher probability of local elimination), resulting 
in fewer MDA rounds and surveys (see Supplementary 

Figure 2. Stacked bar plot shows the trend in the number of rounds of mass drug administration (MDA) treatment and transmission assessment surveys (TASs) required for 
a sample of <1700 children aged 6–7 years with different antigenemia baseline prevalence—20%–30% (A), 10%–20% (B), 5%–10% (C )—for 80% MDA coverage of the 
total population simulated for the diethylcarbamazine + albendazole drug. Light gray represents ≥7 rounds; dark gray, 7 rounds with restarts; and white, 5 rounds. The sec-
ondary axis represents the mean of the simulations for the epidemiological outcomes. Circles represent positive predictive value (PPV) of the probability of local elimination; 
triangles, mean costs; and squares, mean disability-adjusted life-years (DALYs) averted for morbidity.
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Table 6A, part III for DA and Supplementary Table 8A, part III 
for IA in the Supplementary Materials). Therefore, in general, 
lower costs are associated with the lower threshold (Figures 2A
and 2B, triangles). However, for the lowest baseline prevalence 
simulations, restarting MDA is unlikely for either threshold 
(Figure 2C), so the difference in mean costs is driven by the slight-
ly higher proportion of simulations that require extra rounds to 
reach the lower threshold, resulting in higher mean costs for 
the lower threshold (Figure 2C, triangles). Similar trends are ev-
ident for 65% MDA coverage of the total population (see 
Supplementary Table 6B, part III for DA and Supplementary 
Table 8B for IA in the Supplementary Materials).

Figure 2 (squares) also depicts the mean DALYs averted per 
morbid condition across different thresholds with varying 
baseline prevalences for 80% MDA coverage of the total popu-
lation with DA as a treatment strategy. Lowering the threshold 
causes a small but discernible change in the morbidity preva-
lence (as depicted in Figure 1B), with more DALYs averted 
than with the higher threshold. This limited change occurs 
since for both thresholds the incidence of DALY burden drops 

dramatically as average worm burdens drop, so most morbidity 
prevalence is due to historic infection, before the MDA (see 
Supplementary Figure 2, part III for IA as a treatment strategy). 
Similar trends are evident for 65% MDA coverage of the total 
population (see Supplementary Figure 1, part III for DA and 
Supplementary Figure 3, part III for IA).

Since the DALY difference is relatively smaller than the gain 
in the mean costs due to the combined effect of the increase in 
the MDA rounds and TAS surveys at higher thresholds and/or 
baseline coverages, the choice of critical cutoff is highly depen-
dent on the epidemiological context (baseline prevalence, cov-
erage) and the economic considerations of the health impact 
using the WTP per DALY averted, which are usually fixed spe-
cific to the country under consideration.

To comprehensively evaluate the joint considerations of 
costs, health impact, and the monetization benefits obtained 
from the probability of local elimination, we use the metric of 
expected INMB. A higher expected INMB signifies the optimal 
cost-effectiveness of a specific threshold compared with the al-
ternative, given the WTP per DALY averted, a parameter that 

Figure 3. A, Expected incremental net monetary benefit (INMB, in dollars) of switching from <2% threshold to <1% threshold of the antigenemia (Ag) prevalence in the 
transmission assessment survey (TAS) for different baseline prevalence indicated by symbols (squares for 20%–30%, triangles for 10%–20%, and circles for 5%–10%) and 
different countries (India [diethylcarbamazine + albendazole (DA)], solid line; Tanzania [albendazole + ivermectin (IA)], dashed line; and Haiti [DA], dotted line) for the will-
ingness to pay (WTP) per disability-adjusted life-year (DALY) averted without accounting for the benefits of local elimination using 80% mass drug administration (MDA) 
coverage of the total population. B, Expected INMB of switching from <2% threshold to <1% threshold of the Ag prevalence in the TAS for different baseline prevalence 
indicated by symbols (squares in the left for 20%–30%, triangles in the middle for 10%–20% and circles in the right for 5%–10%) and different countries (India [DA], solid 
line; Tanzania [IA], dashed line; Haiti [DA], dotted line) simulated for a fixed set of WTP ($0, $5000, and $10 000) per 1% increase in the probability of local elimination using 
65% MDA coverage of the total population. The solid black horizontal line depicts the minimum WTP per unit increase in the probability of local elimination, such that <1% 
threshold is cost-effective for the 65% MDA coverage.
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varies among different countries. Moreover, the analysis incor-
porates a WTP for local elimination, which is subject to varia-
tion based on the 1% increase in the probability of local 
elimination for the individual baseline and coverage. Our find-
ings, as depicted in Figure 3A, indicate that if the effective cov-
erage of the total population is 80%, then the switch to a lower 
threshold is cost-effective across all baseline prevalences; that 
is, the cost per DALY averted for morbidity over the 20-year 
program remains below the national threshold WTP (positive 
expected INMB; see Supplementary Table 5, part III in the 
Supplementary Materials).

The heterogeneous results within these countries for higher 
coverage for different baseline prevalence are largely due to de-
mographic patterns that affect the DALY estimates [37], such as 
age composition, treatment strategy, life expectancy and popu-
lation growth rates. Likewise, as shown in Figure 3B, for the rel-
atively lower MDA coverage (65% of the total population), the 
increased number of rounds and surveys suggests that the 
switch to a lower threshold would only be considered based 
on the WTP per 1% increase in the probability of local elimina-
tion, thereby factoring in the premium of elimination that is 
imperative to bring a country’s activities in line with GPELF 
goals. For example, for a WTP of approximately $4000, 
$2200, and $1000 per 1% increase in the probability of local 
elimination, for the 20%–30%, 10%–20%, and 5%–10% baseline 
prevalences studied, respectively, the analysis would recom-
mend a switch to a lower threshold (see Figure 3B, solid black 
line).

DISCUSSION

Stopping thresholds form a core element of several disease con-
trol policies and determine the probability of local elimination. 
However, it is worth investigating not only whether a lower 
threshold increases the probability of local elimination but 
also how it affects the overall costs of the program. This study 
draws attention to the potential benefits of a lower threshold, as 
exemplified by the implementation of such a lower threshold in 
China and its role in successful LF control. Importantly, China 
combined multiple interventions (including vector control) to 
arrest transmission and benefited from chemotherapy being 
based on the use of fortified salt, which enabled achieving near-
ly universal coverage since China controlled salt supplies and 
environmental vector management [38]. Nonetheless, this ex-
ample provides important information for the GPELF to set 
criteria for evaluating whether MDA has succeeded in lowering 
the prevalence of infection to a level where recrudescence is un-
likely to occur.

In the current study, we investigated the impact of different 
stopping thresholds for the model-derived dynamics in TAS, 
based on the survey results from 30 sites. This is a major sim-
plification but leads to insight before investigating the effect of 

spatial heterogeneity or migration in and out of communities. 
We further assume that the change in threshold would not re-
sult in a change to the survey design so that the impact of the 
change in threshold in MDA rounds and a number of surveys 
could be considered separately from any change in the cost of 
the survey.

Our findings highlight that reducing the Ag prevalence 
threshold from <2% to <1% increases the probability of local 
elimination. We also show that while a lower threshold results 
in an increase in the proportion of simulations that require ex-
tra rounds to achieve the threshold, it also generally reduces the 
probability of having to restart after stopping. However, at the 
lowest prevalence, there is a low probability of restarting at ei-
ther threshold, and therefore the mean costs associated with re-
ducing the threshold could be slightly higher due to the small 
probability of having to perform additional rounds to reach 
the threshold. Reducing the threshold also reduces the DALY 
burden over the course of the program, but this gain is modest, 
given the ongoing low prevalence and intensity of infection 
(and therefore incident morbidity) during treatment programs 
for both thresholds.

Our analysis also evaluates the joint considerations of costs, 
health impact, and the monetization benefits obtained from the 
probability of local elimination using the expected INMB met-
ric. We find that the switch to a lower threshold is cost-effective 
across all baseline prevalences for our 3 example countries un-
less MDA coverage is relatively lower (65%) than 80% MDA 
coverage. We further extended the model to factor in the pre-
mium of elimination that is imperative to bring a country’s ac-
tivities in line with GPELF goals for an additional WTP of 
approximately $4000 (for 20%–30% baseline prevalence), 
$2200 (for 10%–20% baseline prevalence), and $1000 (for 
5%–10% baseline prevalence) per 1% increase in the probability 
of local elimination. Therefore, the analysis would recommend 
that a switch to a lower threshold would be cost-effective with 
65% MDA coverage (see Figure 3B, solid black line).

Modeling morbidity for LF is challenging due to the depen-
dence of the estimates on the Global Burden of Disease study 
[5], which are notably uncertain given the paucity of data on 
their geographic spread and control [39]. By tracking morbidity 
only for hydrocele, lymphedema and ADL, but not other out-
comes such as mental health impacts [29, 30, 39], lymphatic di-
lation, and tropical pulmonary eosinophilia or the potential for 
productivity losses due to illness (either due to lack of data) 
[40], we underestimate the true burden of disease. Because of 
the lack of data for the systematic nonadherence correlation in 
our setting, we use the values from the data analyzed by Dyson 
et al [24]. They note that for a range of MDA coverage from 
40.5% to 95.5%, the correlations found lie in a fairly narrow 
range (between 0.2806 and 0.5351), indicating that the level of 
systematic nonadherence may be similar even in data for differ-
ent years, countries, diseases, and administered drugs [24].
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Another critical part of the design of this study is that the sur-
vey implementation costs remain the same so are not considered 
across different survey designs. Hence, the costs of MDAs and 
TAS do not factor in out-of-pocket expenses that might have a 
detrimental macroeconomic impact [41–43] and may change 
over the years to come. Several studies [44–46] quantifying the 
costs for MDA and TAS show that investigators encountered dif-
ficulties in estimating the precise allocation of time and resources 
to LF MDA programs due to the lack of previous tracking, in-
complete usage records, challenges in accessing accurate cost 
data from government sources, and potential underreporting 
or misallocation of costs despite efforts to validate reported ex-
penses with international partners and nongovernmental orga-
nizations [47]. However, these simulations are a useful tool for 
understanding the impact of TAS thresholds on stopping 
MDA using the dynamics and impacts of this infection.

Another limitation of our analysis is that it focuses exclusively 
on MDA and does not account for the potential benefits provided 
by additional interventions, such as vector control. We decided 
not to include vector control in our simulations since its benefits 
in regions where Culex is the main transmission vector remain 
the subject of debate. For example, some studies have shown 
that vector control in combination with MDA may be beneficial 
to reduce the mosquito biting rates [20] in low-endemic settings, 
such as Tanzania [48] and India [49]. However, other analyses 
[12, 50] have shown that vector control did not enhance the like-
lihood of achieving transmission elimination or reduced the 
probability of recrudescence compared with MDA alone, whether 
during the 5-year TAS period or over a longer 20-year period. 
Future studies are needed to further clarify the potential benefits 
provided by vector control in these settings.

Despite these limitations, our study underscores the signifi-
cance of selecting appropriate criteria for decision making, par-
ticularly in the context of LF interventions. It is vital to 
determine whether LF interventions effectively halt disease 
transmission in endemic communities. Simultaneously, under-
standing the dynamics of local elimination after threshold 
crossing and its interaction with LF interventions is crucial. 
Our work highlights that the path to LF local elimination after 
MDA surveillance is gradual, involving a prolonged transient 
phase, but that lower thresholds have the potential to assist pro-
grams in achieving their goals.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.

Notes
Author contributions. M. C. A. O. performed the analysis and wrote the 

draft of the paper. K. B. P. and T. D. H. supervised the work. M. G. provided 
the transmission model and consulted on the details of the simulation 

approach. K. M. G., L. J. R., K. B. P., and T. D. H. conceived the more spe-
cific work in discussion with coauthors, who all contributed to the analysis 
and reviewed the draft.

Disclaimer. The funders had no role in study design, data collection and 
analysis, decision to publish, or preparation of the manuscript.

Supplement sponsorship. This article appears as part of the supplement 
“New Tools and Nuanced Interventions to Accelerate Achievement of 2030 
Roadmap for Neglected Tropical Diseases,” sponsored by funding of 
Professor T. Déirdre Hollingsworth’s research by the Li Ka Shing 
Foundation at the Big Data Institute, Li Ka Shing Centre for Health 
Information and Discovery, University of Oxford; and funding of the 
NTD Modelling Consortium by the Bill & Melinda Gates Foundation 
(INV-030046).

Financial support. This work was supported by the Bill & Melinda Gates 
Foundation (INV-030046), via the NTD Modelling Consortium; the 
Health Data Research UK-The Alan Turing Institute Wellcome (grant 
218529/Z/19/Z to M. C. A. O.); and the Commonwealth European and 
International Trust (Cambridge Trust scholarship to M. C. A. O.).

Potential conflicts of interest. KMG reports being employed by the 
Neglected Tropical Disease Support Center, Task Force for Global 
Health. All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References
1. World Health Organization (WHO). Weekly Epidemiological Record (WER). 

13 October 2023. Vol 98, no. 41; pp 489–502.
2. World Health Organization (WHO). Lymphatic filariasis: monitoring and epide-

miological assessment of mass drug administration, a manual for national elimi-
nation programmes. Geneva, Switzerland: World Health Organization, 2011:29.

3. King CL, Suamani J, Sanuku N, et al. A trial of a triple-drug treatment for lym-
phatic filariasis. N Engl J Med 2018; 379:1801–10.

4. Irvine MA, Stolk WA, Smith ME, et al. Effectiveness of a triple-drug regimen for 
global elimination of lymphatic filariasis: a modelling study. Lancet Infect Dis 
2017; 17:451–8.

5. Global Burden of Disease Study 2019 (GBD 2019) disability weights. Available at: 
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-disability-weights. Accessed 
25 March 2022.

6. Lammie PJ, Gass KM, King J, et al. Evolution of the monitoring and evaluation 
strategies to support the World Health Organization’s Global Programme to 
Eliminate Lymphatic Filariasis. Int Health 2021; 13:S65–70.

7. Burgert-Brucker CR, Zoerhoff KL, Headland M, et al. Risk factors associated with 
failing pre-transmission assessment surveys (pre-TAS) in lymphatic filariasis 
elimination programs: results of a multi-country analysis. PLoS Negl Trop Dis 
2020; 14:e0008301.

8. Boyd A, Won KY, McClintock SK, et al. A community-based study of factors as-
sociated with continuing transmission of lymphatic filariasis in Leogane, Haiti. 
PLoS Negl Trop Dis 2010; 4:e640.

9. Lupenza E, Gasarasi DB, Minzi OM. Lymphatic filariasis, infection status in Culex 
quinquefasciatus and anopheles species after six rounds of mass drug administra-
tion in Masasi District, Tanzania. Infect Dis Poverty 2021; 10:20.

10. Stolk WA, Coffeng LE, Bolay FK, et al. Comparing antigenaemia- and microfilar-
aemia as criteria for stopping decisions in lymphatic filariasis elimination pro-
grammes in Africa. PLoS Negl Trop Dis 2022; 16:e0010953.

11. Collyer BS, Irvine MA, Hollingsworth TD, Bradley M, Anderson RM. Defining a 
prevalence level to describe the elimination of lymphatic filariasis (LF) transmis-
sion and designing monitoring & evaluating (M&E) programmes post the cessa-
tion of mass drug administration (MDA). PLoS Negl Trop Dis 2020; 14:e0008644.

12. Sharma S, Smith ME, Bilal S, Michael E. Evaluating elimination thresholds and stop-
ping criteria for interventions against the vector-borne macroparasitic disease, lym-
phatic filariasis, using mathematical modelling. Commun Biol 2023; 6:225.

13. Rao RU, Nagodavithana KC, Samarasekera SD, et al. A comprehensive assessment 
of lymphatic filariasis in Sri Lanka six years after cessation of mass drug admin-
istration. PLoS Negl Trop Dis 2014; 8:e3281.

14. Hast MA, Javel A, Denis E, et al. Positive-case follow up for lymphatic filariasis 
after a transmission assessment survey in Haiti. PLoS Negl Trop Dis 2022; 16: 
e0010231.

15. Prada JM, Davis EL, Touloupou P, et al. Elimination or resurgence: modelling 
lymphatic filariasis after reaching the 1% microfilaremia prevalence threshold. 
J Infect Dis 2020; 221:S503–9.

Reducing Antigen Prevalence (Ag) Threshold for Lymphatic Filariasis • CID 2024:78 (15 May) • S167

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae108#supplementary-data
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-disability-weights


16. Singh BK, Michael E. Bayesian calibration of simulation models for supporting 
management of the elimination of the macroparasitic disease, lymphatic filariasis. 
Parasites Vectors 2015; 8:1–26.

17. Michael E, Singh BK. Heterogeneous dynamics, robustness/fragility trade-offs, 
and the eradication of the macroparasitic disease, lymphatic filariasis. BMC 
Med 2016; 14:1–23.

18. Gambhir M, Singh BK, Michael E. The Allee effect and elimination of neglected 
tropical diseases: a mathematical modelling study. Adv Parasitol 2015; 87:1–31.

19. James A, Coffeng LE, Blok DJ, King JD, de Vlas SJ, Stolk WA. The predictive value 
of microfilariae-based stop-MDA thresholds after triple drug therapy with IDA in 
treatment-naïve Indian settings. medRxiv [Preprint: not peer reviewed]. 23 
September 2023. Available from: https://www.medrxiv.org/content/10.1101/ 
2023.09.22.23292895v1.

20. Irvine MA, Reimer LJ, Njenga SM, et al. Modelling strategies to break transmis-
sion of lymphatic filariasis—aggregation, adherence and vector competence great-
ly alter elimination. Parasites Vectors 2015; 8:547.

21. Davis EL, Reimer LJ, Pellis L, Hollingsworth TD. Evaluating the evidence for lym-
phatic filariasis elimination. Trends Parasitol 2019; 35:860–9.

22. Stolk WA, Prada JM, Smith ME, et al. Are alternative strategies required to accel-
erate the global elimination of lymphatic filariasis? Insights from mathematical 
models. Clin Infect Dis 2018; 66:S260–6.

23. Turner HC, Bettis AA, Chu BK, et al. Investment success in public health: an anal-
ysis of the cost-effectiveness and cost-benefit of the Global Programme to 
Eliminate Lymphatic Filariasis. Clin Infect Dis 2017; 64:728–35.

24. Dyson L, Stolk WA, Farrell SH, Hollingsworth TD. Measuring and modelling the 
effects of systematic non-adherence to mass drug administration. Epidemics 
2017; 18:56–66.

25. Irvine MA, Njenga SM, Gunawardena S, et al. Understanding the relationship be-
tween prevalence of microfilariae and antigenaemia using a model of lymphatic 
filariasis infection. Trans R Soc Trop Med Hyg 2016; 110:118–24.

26. Chan MS, Srividya A, Norman RA, et al. Epifil: a dynamic model of infection and 
disease in lymphatic filariasis. Am J Trop Med Hyg 1998; 59:606–14.

27. Chu BK, Hooper PJ, Bradley MH, et al. The economic benefits resulting from the 
first 8 years of the Global Programme to Eliminate Lymphatic Filariasis (2000– 
2007). PLoS Negl Trop Dis 2010; 4:e708.

28. Willis GA, Mayfield HJ, Kearns T, et al. A community survey of coverage and ad-
verse events following country-wide triple-drug mass drug administration for 
lymphatic filariasis elimination, Samoa 2018. PloS Negl Trop Dis 2020; 14: 
e0008854.

29. Ton TG, Mackenzie C, Molyneux DH. The burden of mental health in lymphatic 
filariasis. Infect Dis Poverty 2015; 4:34.

30. Koschorke M, Al-Haboubi YH, Tseng P-C, Semrau M, Eaton J. Mental health, 
stigma, and neglected tropical diseases: a review and systematic mapping of the 
evidence. Front Trop Dis 2022; 3:808955.

31. Brady MA, Stelmach R, Davide-Smith M, et al. Costs of transmission assessment 
surveys to provide evidence for the elimination of lymphatic filariasis. PloS Negl 
Trop Dis 2017; 11:e0005097.

32. Stolk WA, ten Bosch QA, de Vlas SJ, Fischer PU, Weil GJ, Goldman AS. Modeling 
the impact and costs of semiannual mass drug administration for accelerated 
elimination of lymphatic filariasis. PloS Negl Trop Dis 2013; 7:e1984.

33. Ochalek J, Lomas J, Claxton K. Estimating health opportunity costs in low- 
income and middle-income countries: a novel approach and evidence from cross- 
country data. BMJ Global Health 2018; 3:e000964.

34. Ochalek J, Asaria M, Chuar PF, Lomas J, Mazumdar S, Claxton K. Assessing 
health opportunity costs for the Indian health care systems. Working Papers 
CHE Research Paper 161, Centre for Health Economics, University of York. 
Accessed February 2019.

35. Turner HC, Lauer JA, Tran BX, Teerawattananon Y, Jit M. Adjusting for inflation 
and currency changes within health economic studies. Value Health 2019; 22: 
1026–32.

36. Antillon M, Huang C-I, Rock KS, Tediosi F. Economic evaluation of disease elim-
ination: an extension to the net-benefit framework and application to human 
African trypanosomiasis. Proc Natl Acad Sci U S A 2021; 118:e2026797118.

37. Stone CM, Kastner R, Steinmann P, Chitnis N, Tanner M, Tediosi F. Modelling 
the health impact and cost-effectiveness of lymphatic filariasis eradication under 
varying levels of mass drug administration scale-up and geographic coverage. 
BMJ Global Health 2016; 1:e000021.

38. World Health Organization Regional Office for the Western Pacific, Control of 
Lymphatic Filariasis in China Editorial Board. Control of lymphatic filariasis in 
China. Manila, Philippines: World Health Organization Regional Office for the 
Western Pacific, 2003.

39. De Vlas SJ, Stolk WA, le Rutte EA, et al. Concerted efforts to control or eliminate 
neglected tropical diseases: how much health will be gained? PloS Negl Trop Dis 
2016; 10:e0004386.

40. Ottesen EA, Hooper PJ, Bradley M, Biswas G. The Global Programme to 
Eliminate Lymphatic Filariasis: health impact after 8 years. PloS Negl Trop Dis 
2008; 2:e317.

41. Tripathy JP, Prasad BM. Cost of care and its impact on households due to lym-
phatic filariasis: analysis of a national sample survey in India. J Vector Borne 
Dis 2020; 57:31–6.

42. Mathew CG, Bettis AA, Chu BK, et al. The health and economic burdens of lym-
phatic filariasis prior to mass drug administration programs. Clin Infect Dis 2020; 
70:2561–7.

43. Sawers L, Stillwaggon E. Economic costs and benefits of community-based 
lymphedema-management programs for lymphatic filariasis in India. Am J 
Trop Med Hyg 2020; 103:295–302.

44. Goldman AS, Guisinger VH, Aikins M, et al. National mass drug administration 
costs for lymphatic filariasis elimination. PloS Negl Trop Dis 2007; 1:e67.

45. Keating J, Yukich JO, Mollenkopf S, Tediosi F. Lymphatic filariasis and onchocer-
ciasis prevention, treatment, and control costs across diverse settings: a systematic 
review. Acta Trop 2014; 135:86–95.

46. Leslie J, Garba A, Boubacar K, et al. Neglected tropical diseases: comparison of the 
costs of integrated and vertical preventive chemotherapy treatment in Niger. Int 
Health 2013; 5:78–84.

47. Turner HC. Health economic analyses of the Global Programme to Eliminate 
Lymphatic Filariasis. Int Health 2020; 13:S71–4.

48. Maxwell CA, Curtis C, Haji H, Kisumku S, Thalib AI, Yahya SA. Control of 
Bancroftian filariasis by integrating therapy with vector control using polystyrene 
beads in wet pit latrines. Trans R Soc Trop Med Hyg 1990; 84:709–14.

49. Reuben R, Rajendran R, Sunish IP, et al. Annual single dose diethylcarbamazine 
(DEC) plus ivermectin (IVR) for control of Bancroftian filariasis: comparative ef-
ficacy with and without vector control. Ann Trop Med Parasitol 2001; 95:361–78.

50. Jambulingam P, Subramanian S, de Vlas SJ, Vinubala C, Stolk WA. Mathematical 
modelling of lymphatic filariasis elimination programmes in India: required du-
ration of mass drug administration and post-treatment level of infection indica-
tors. Parasites Vectors 2016; 9:501.

S168 • CID 2024:78 (15 May) • Antony Oliver et al

https://www.medrxiv.org/content/10.1101/2023.09.22.23292895v1
https://www.medrxiv.org/content/10.1101/2023.09.22.23292895v1

	Reducing the Antigen Prevalence Target Threshold for Stopping and Restarting Mass Drug Administration for Lymphatic Filariasis Elimination: A Model-Based Cost-effectiveness Simulation in Tanzania, India and Haiti
	METHODS
	RESULTS
	DISCUSSION
	Supplementary Data
	Notes
	References




