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Abstract 

Background:  Lymphatic filariasis (LF) is a neglected tropical disease (NTD). In 2000 the World Health Organiza-
tion (WHO) established the Global Programme to Eliminate Lymphatic Filariasis (GPELF). A key component of this 
programme is mass drug administration (MDA). Between 2000 and 2020, the GPELF has delivered over 8.6 billion 
treatments to at-risk populations. The last impact assessment of the programme evaluated the treatments provided 
between 2000–2014. The goal of this analysis is to provide an updated health impact assessment of the programme, 
based on the numbers treated between 2000–2020.

Methods:  We updated and refined a previously established model that estimates the number of clinical manifesta-
tions and disability-adjusted life years (DALYs) averted by the treatments provided by the GPELF. The model comprises 
three different population cohorts that can benefit from MDA provided (those protected from acquiring infection, 
those with subclinical morbidity prevented from progressing and those with clinical disease alleviated). The treatment 
numbers were updated for all participating countries using data from the WHO. In addition, data relating to the esti-
mated number of individuals initially at risk of LF infection were updated where possible. Finally, the DALY calculations 
were refined to use updated disability weights.

Results:  Using the updated model and corresponding treatment data, we projected that the total benefit cohort 
of the GPELF (2000–2020) would consist of approximately 58.5 million individuals and the programme would avert 
44.3 million chronic LF cases. Over the lifetime of the benefit cohorts, this corresponded to 244 million DALYs being 
averted.

Conclusion:  This study indicates that substantial health benefits have resulted from the first 20 years of the GPELF. It 
is important to note that the GPELF would have both additional benefits not quantified by the DALY burden metric 
as well as benefits on other co-endemic diseases (such as soil-transmitted helminths, onchocerciasis and scabies)—
making the total health benefit underestimated. As with the past impact assessments, these results further justify the 
value and importance of continued investment in the GPELF.
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Background
Lymphatic filariasis (LF), also known as elephantiasis, is 
a neglected tropical disease (NTD). In 1997, the World 
Health Assembly passed Resolution 50.29, calling for the 
elimination of LF as a public health problem [1]. Follow-
ing on from this, in 2000 the World Health Organization 
(WHO) established the Global Programme to Eliminate 
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Lymphatic Filariasis (GPELF) with the aspiration of elim-
inating the disease as a public health problem by 2020 [2, 
3]. To date, the GPELF has been implemented by 69 out 
of 73 member states [4]. For most of the period 2000–
2020, LF has been treated with mass drug administration 
(MDA) using a combination of either albendazole and 
ivermectin (in areas co-endemic with onchocerciasis) or 
albendazole and diethylcarbamazine (DEC) elsewhere. 
Following an extensive evaluation of the efficacy, safety 
and acceptability of a three-drug treatment regimen, in 
2017 the WHO introduced IDA (ivermectin, DEC and 
albendazole) as an additional strategy to accelerate pro-
gress to elimination [5]. This MDA strategy has been 
shown to be feasible at a large scale and cost-effective 
[6–8]. A major factor in the success of the programmes is 
the fact that the drugs used are largely donated by phar-
maceutical partners [9].

We have conducted two previous health and eco-
nomic assessments of the GPELF, the first for the period 
2000–2007 and the second for 2000–2014 [10, 11]. The 
most recent analysis of the GPELF projected that due 
to the treatments given between 2000–2014, 36 million 
clinical cases and 175 million disability-adjusted life years 
(DALYs) will potentially be averted [11]. The goal of this 
analysis is to provide an update of this health impact 
assessment based on the numbers treated within the pro-
gramme between 2000–2020 and uses updated disability 
weights for LF morbidity.

Methods
A detailed summary of the impact model is provided in 
Turner et al. [11]. To briefly summarize, the model com-
prises three different benefit cohorts that can benefit 
from the MDA provided:

•	 Benefit cohort 1: Individuals protected from acquir-
ing infection and, therefore, subsequently protected 

from any clinical disease: The reductions in the 
number at risk were approximated for each country 
using a model defining reductions in risk of infection 
among cohorts of treated populations following each 
treatment round [12]. The model ‘zeroed out’ the at-
risk population in the country once it had passed the 
transmission assessment survey [12].

•	 Benefit cohort 2: Individuals with existing subclinical 
morbidity who were protected from progression to 
clinical disease by the MDAs.

•	 Benefit cohort 3: Individuals with existing clinical 
disease for whom some morbidity was alleviated as a 
result of the MDAs.

The benefit cohorts quantify the individuals who 
are projected to benefit directly in terms of prevented 
or alleviated clinical disease by the treatments given 
between 2000–2020, i.e. they capture the long-term 
health benefits of these treatments beyond the year 
2020, over the lifetime of the benefit cohorts. The dif-
ferent benefit cohorts are mutually exclusive, and indi-
viduals do not move between them. Within the model, 
the number of uniquely treated individuals in any one 
country was assumed to be the maximum number of 
individuals treated in any single MDA for each country.

The following key changes were made from the previ-
ous analysis.

•	 Using data from the WHO PCT databank [13], treat-
ment numbers were updated for all participating 
countries including any additional countries that 
entered the GPELF during the period 2015–2020. 
Based on this it was calculated that between 2000–
2020, 8.626 billion treatments were provided (com-
pared to 5.626 billion treatments between 2000–
2014) (Table 1).

Table 1  Summary of the number of treatments provided and the population at risk of infection

The most recent estimates are taken from the PCT databank [12]

See Turner et al. [11] for details of the 2000–2014 analysis

AMR Region of the Americas, AFR African Region, EMR Eastern Mediterranean Region, WPR Western Pacific Region, SEAR Southeast Asia Region

Population at risk of infection when national programmes began 
(millions)

Total number of treatments provided within the 
analysis (millions)

2000–2014 analysis 2000–2020 analysis 2000–2014 analysis 2000–2020 analysis

AFR 424.91 490.68 876.37 2024.70

AMR 14.10 14.14 46.95 65.98

EMR 22.81 12.59 15.96 24.46

SEAR 901.87 902.13 4494.47 6284.80

WPR 45.22 45.08 192.59 225.97

Total 1408.92 1464.62 5626.33 8625.91
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•	 Data relating to the number at risk of infection within 
a country were updated where necessary—including 
for countries not included within the previous analy-
sis or counties where updated information was avail-
able [13]. We used the data that corresponded to the 
year when mapping was completed for a given coun-
try. Note that in some cases the estimated number of 
individuals initially at risk of infection has decreased 
for a country compared to the 2000–2014 analysis 
because of updated mapping activities (Table 1).

•	 The DALY calculations were refined to use updated 
disability weights—including employing a disabil-
ity weight for acute adenolymphangitis (ADL) epi-
sodes (inflammation of the lymph vessels or glands 
often accompanied by pain, fever and swelling [14]) 
(Table  2). Since chronic disease and ADL episodes 
coexist, we have accounted for the overlap in our 
estimation of the burden by using the multiplicative 
adjustment method [15]. The reason that the DALYs 
related to ADL episodes were previously ignored 
was that ADL episodes did not have a corresponding 
disability weight at the time of the previous studies. 
Note that other relevant disability weights changed 
because of updates and additional survey data within 
the Global Burden of Disease (GBD) studies (particu-
larly between the 2010 and 2013 studies).

The counterfactual scenario was no treatments being 
provided to these populations. The time horizon was the 
lifetime of individuals in the benefit cohorts [11].

Table  1 summarises the differences in the number of 
treatments provided and the population at risk of infec-
tion between this and the 2000–2014 analysis.

Sensitivity analysis
Sensitivity analysis was performed on the following areas: 
(i) the pre-control burden of LF, (ii) the DALY disability 
weights, (iii) the disease progression/incidence rates and 
(iv) the impact of treatment (Table  2). The parameters 
and ranges investigated are shown in Table 2.

Results
Using the model and corresponding treatment data, 
we projected that the total benefit cohort of the GPELF 
(2000–2020) would consist of approximately 58.5 million 
individuals, i.e. these individuals would have experienced 
the health benefits related to LF due to the MDA pro-
vided by the GPELF (Table 3). Of these, 26 million (44%) 
were in Benefit cohort 1 (those who would have acquired 
LF and subsequently progressed to clinical disease but 
were protected from infection due to reductions in trans-
mission by MDA). The remaining 32.5 million were indi-
viduals who were already infected at the time of MDA 

Table 2  Summary of the sensitivity analysis

Based on Chu et al. [10], though updated where appropriate

ADL acute adenolymphangitis, DALY disability-adjusted life year,  MDA mass drug administration

Parameter Baseline hydrocele 
average estimate 
(range)

Baseline lymphedema 
average estimate 
(range)

Sources

Pre-control burden

 Percentage of the at-risk population that develop clinical disease 2.08% (1.04%) 1.25% (0.63%) [16]

Disability weights

 Disability weights related to chronic disease 0.128 (0.086–0.180) 0.109 (0.073–0.154) [17]

 Disability weight for ADL episodes 0.051 (0.032–0.074) 0.051 (0.032–0.074) [17]

Disease progression & incidence rates

 Percentage of clinical patients who experience ADL episodes per year 70% (45–90%) 95% (90–95%) [26–34]

 Frequency of ADL episodes for clinical patients (in absence of MDA) 2 (0–7) per year 4 (0–7) per year [26–34]

 Average duration of an ADL episode 4 (1–9) days 4 (1–9) days [26–34]

 Mean age of the benefit cohorts (years) Cohort 1: 20 (30)
Cohort 2: 20 (30)
Cohort 3: 30 (40)

Cohort 1: 20 (30)
Cohort 2: 20 (30)
Cohort 3: 30 (40)

Impact of treatment

 The reduction in transmission experienced by the treated population 
(Benefit cohort 1)

Year 1: 50% (35%)
Year 2: 75% (53%)
Year 3: 88% (62%)
Year 4: 94% (66%)
Year 5 95% (67%)

Year 1: 50% (35%)
Year 2: 75% (53%)
Year 3: 88% (62%)
Year 4: 94% (66%)
Year 5 95% (67%)

[12]

 Reduction in the frequency of ADL episodes by MDA (Benefit cohort 3) 50% (15–88%) 50% (15–88%) [35–37]

 Percentage of chronic disease alleviated by MDA (Benefit cohort 3) 10% (0–20%) 15% (0–30%) [35, 38–43]
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treatment but benefited from halted disease progression 
[Benefit cohort 2: 14.8 million (25%)] or those with clini-
cal disease who experienced some alleviated morbidity 
[Benefit cohort 3: 17.7 million (30%)] (Table 3).

Health benefits
Based on the three benefit cohorts we estimated that the 
treatments provided between 2000–2020 would pre-
vent 44.3 million chronic cases of either hydrocele or 
lymphedema (Table 3). When projecting the health ben-
efits over the lifetimes of the benefit cohorts, this corre-
sponded to averting 1997 million years of life lived with 
chronic disease and 5858 million ADL episodes (Table 4). 
With the baseline parameters, this projected lifetime 
health benefit translates into averting approximately 244 
million DALYs (Table 4).

Prevented hydrocele contributed most to the projected 
total health impact (Fig. 1a). This is because the baseline 
proportion of clinical disease patients with hydrocele was 
assumed to be higher than in those with lymphedema 
(62.5% vs. 37.5% [16]) and the higher disability weight 
related to hydrocele (Table  2). Prevented ADL episodes 
contributed little to the number of DALYs averted (1%). 
This is because the DALY weight is only applied to the 
very small proportion of the year they are experiencing 

ADL episodes, so overall it is small compared to chronic 
morbidity.

As with the previous analysis, the total health impact 
was the smallest within the alleviated clinical disease 
cohort (Benefit cohort 3) despite its comparable popula-
tion size (Fig.  1 and Tables  3 and 4). This is due to the 
fact that the majority of this cohort only experience 
reductions in the frequency of acute ADL episodes and 
not alleviated chronic disease (due to the assumed effects 

Table 3  Total population size of the benefit cohorts and numbers of cases of chronic disease averted

Note that the benefit cohorts quantify the individuals who are projected to benefit directly in terms of prevented or alleviated clinical disease by the treatments given 
between 2000–2020, i.e. they capture the long-term health benefits of these treatments beyond the year 2020

Benefit cohort 1: Protected from acquiring 
infection and, therefore, subsequently 
protected from any clinical disease (millions)

Benefit cohort 2: Subclinical morbidity 
prevented from progressing (millions)

Benefit cohort 3: Clinical 
disease improved 
(millions)

Total (millions)

Population size

 Hydrocele 16.23 9.26 9.37 34.86

 Lymphedema 9.74 5.56 8.30 23.60

 Total 25.97 14.82 17.67 58.46

Cases of chronic disease averted

 Hydrocele 16.23 9.26 1.82 27.31

 Lymphedema 9.74 5.56 1.64 16.93

 Total 25.97 14.82 3.46 44.25

Table 4  Health impact over the lifetime of the benefit cohorts

Person-years of chronic LF 
prevented (millions)

ADL cases 
prevented 
(millions)

DALYs 
averted 
(millions)

AFR 595.23 1746.72 72.74

AMR 19.82 58.25 2.42

EMR 14.55 43.15 1.78

SEAR 1309.32 3841.49 160.00

WPR 57.58 168.86 7.04

Total 1996.50 5858.48 243.98

Fig. 1  Breakdown of the total number of DALYs averted. a Stratified 
by morbidity manifestation. b Stratified by benefit cohort. ADL Acute 
adenolymphangitis. DALY Disability-adjusted life year
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of the drugs on morbidity—Table 2). The largest contri-
bution to the health impact comes from Benefit cohort 
1 (individuals who would have acquired LF and sub-
sequently would progress to clinical disease but were 
protected from infection because of the reductions in 
transmission by MDA) (Fig. 1b).

The majority of the health impact was due to the con-
siderable scope of the MDA programmes in the South-
east Asia region (largely due to India) (Table  4). A very 
notable health impact also resulted from the treatments 
in the Africa Region.

Sensitivity analysis
To explore how sensitive the projections were to varia-
tion in the input parameters and assumptions, the model 
projections were subjected to univariate sensitivity analy-
sis (see Table 2).

Overall, the projected impact on the overall health 
benefits was found to be robust (Fig.  2). As expected, 
the projected benefits were related to the assumed per-
centage of the at-risk population that develops clini-
cal disease. The number of DALYs averted was reduced 
by 17% when assuming more conservative reductions 
in transmission and 17% when increasing the mean age 
of the benefit cohorts by 10 years. When assuming that 
MDA has no impact regarding alleviating established dis-
ease (i.e. no benefit for cohort 3), the number of DALYs 
averted only decreased by 6%. The results were not sen-
sitive to the assumptions regarding the incidence and 
duration of ADL episodes. The number of DALYs averted 
was also sensitive to the assumed disability weight [17]. 
However, even when using the lower bound for the 

disability weights (Table  2), we still projected that 164 
million DALYs would be averted.

Discussion
The updated and refined model projects that due to the 
MDA provided by the GPELF between 2000–2020, 44.3 
million chronic cases would be averted (Table  3). Over 
the lifetime of the benefit cohorts, this corresponded to 
244 million DALYs being averted (Table 4). This updated 
analysis further supports the implication that admin-
istering MDA to such a large population has produced 
substantial health benefits over the first 20  years of the 
programme. Although the estimates were sensitive to 
certain parameters, the notable health impact appeared 
robust within the sensitivity analysis.

These impact estimates are important as donors and 
member states need evidence that there is a positive 
impact of the GPELF to justify the continued investment 
to the programme from their limited budgets. They can 
also provide an important input to cost-effectiveness 
analysis—investigating the value for money (cost per 
DALY averted) of the programme [7].

It is also important to note that the GPELF uses 
albendazole and ivermectin, which are highly effective, 
broad-spectrum anti-parasitic drugs. Consequently, the 
programme will have notable ancillary benefits on other 
parasitic diseases that are common in the populations 
targeted by the GPELF (described in more detail in Box 1 
and elsewhere [18]).

Within the analysis, we estimated that 44.3 million 
chronic cases of LF would be averted. In comparison, de 
Vlas et al. [19] estimated 46.4 million new cases of irre-
versible disease would be prevented between 2011–2030 

Fig. 2  Tornado plot illustrating the impact of the sensitivity analysis on the estimated total health impact (number of DALYs averted) of the GPELF 
(2000–2020). The parameter ranges are presented in Table 2
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if the 2020 goals were achieved for LF. One reason for 
this difference is that the targets set within the 2020 goals 
have not been achieved in every country. In addition, 
within this analysis we are quantifying the health benefit 
over the lifetime of the benefit cohort and not only up to 
2030.

Although the estimates presented in this study support 
the notable long-term health impact that MDA will have, 
it is also important to note that millions of chronic cases 
of LF will remain, even after MDA has successfully inter-
rupted transmission. This highlights that to truly elimi-
nate LF as a public health problem there is also a need for 
morbidity management strategies as well as MDA within 
the GPELF.

Limitations and key sources of uncertainty
The limitations of the model and analysis are highlighted 
in Turner et al. [11].

One of the largest limitations of this study is the uncer-
tainty regarding the pre-control prevalence of LF and 
the baseline burden of clinical disease. The assumptions 
within this analysis were that on average 10% of the ini-
tial at-risk population will be infected, of which one-third 
bear chronic infection (62.5% with hydrocoele and 37.5% 
with lymphoedema). These were based on a review by 
Michael et  al. [16]. However, a limitation of this study 
is that the analysis applies these estimates uniformly to 
the at-risk populations, ignoring the varying distribu-
tion of disease and heterogeneity in transmission. An 
analysis using the same model structure and parameters 
evaluating the pre-control health burden of LF estimated 
that approximately 129 million were infected with LF, of 
whom 43 million had clinical disease [20]. This corre-
sponded to a DALY burden of 5.25 million [20]. However, 
by comparison, the current GBD study estimates that in 
2000 there were 261 million infected with LF with a cor-
responding burden of 4.99 million DALYs [21]. The simi-
lar DALY burden implies that the GBD study estimates 
are assuming that there is a higher prevalence of infec-
tion, but that a lower proportion develops clinical disease 
than assumed in our study, which in this case balances 
out to produce a similar clinical burden estimate. A lower 
pre-control burden was considered in our sensitivity 
analysis (Table 2). Although this obviously decreased the 
impact estimates, the health gains were still appreciable.

Furthermore, the limited number of regional/country-
specific primary data available somewhat limited the 
breadth of this analysis. Due to this lack of data, many 
of the LF disease-specific parameters (such as the base-
line prevalence) were attributed a global standardized 
estimate.

As with the previous version of the analysis, it is not 
possible to estimate the number of uniquely treated 

individuals across multiple MDA rounds. Consequently, 
to be conservative, the number of uniquely treated indi-
viduals in any one country was assumed to be the maxi-
mum number of individuals treated in any single MDA 
for each country—which in most cases will likely under-
estimate the number of uniquely treated individuals. A 
further limitation of this analysis was that population 
growth was not considered.

Within the model the different drug regimens used 
within the GPELF were assumed to be equally effective 
in their impact on both LF disease and filarial infec-
tions themselves [22]. However, it should be noted that 
in a few central African countries where the Loa Loa 
prevalence precludes the use of ivermectin for safety 
reasons, twice-annual albendazole monotherapy is used 
for LF elimination. In addition, in some countries, DEC 
monotherapy was used for certain years [13]. The poten-
tial lower impact of monotherapy was not accounted 
for in this analysis. In addition, although treatments 
with the IDA regimen were included in the analysis, 
the model used to calculate the health benefit result-
ing from reduced transmission (Benefit cohort 1) is not 
parametrised for IDA. These treatments were there-
fore conservatively assumed to have the same impact 
as a standard dual drug treatment. That said, globally 
between 2000–2020, there have only been approximately 
60.6 million treatments with the IDA regimen – com-
pared to the overall > 8.6 billion treatments included in 
the analysis [12]. Consequently, although the IDA regi-
men is an important new intervention in terms of achiev-
ing LF elimination, its past use to date would have little 
impact on this 2000–2020 health impact assessment of 
the GPELF.

Finally, it is important to consider that the DALY met-
ric may not fully capture the health benefits of the GPELF. 
For example, the universal disability weights used for 
DALY calculations do not account for how the local con-
text could influence the burden of a disease, and in this 
context, how the burden of LF-related morbidity could 
be worse for those who are living in poverty [20, 23]. The 
DALY disability weights also have limitations regard-
ing not fully accounting for the psycho-social impact of 
illness for certain disease sequelae and are a narrower 
measure of health gains compared to quality-of-life 
measures. Ton et al. [24] highlighted that the DALY bur-
den attributable to LF could increase significantly if the 
depression experienced by LF patients was also quanti-
fied. In addition, DALYs often fail to account for the bur-
den experienced by patients’ caregivers [20, 24, 25], and 
it was assumed that clinical LF morbidity was not asso-
ciated with any excess mortality—both of which could 
underestimate the burden of LF and the consequent ben-
efit of the GPELF. Therefore, further studies would be of 
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value to quantify the broader socio-economic impact of 
preventing LF morbidity by capturing the impact on the 
patients’ and their caregivers’ quality of life [25].

Conclusions
Despite the limitations of any such global health analy-
sis, this study indicates that substantial health benefits 
have resulted from the first 20 years of the GPELF. We 
projected that due to the treatments provided between 
2000–2020, 44.3 million chronic cases and 244 million 
DALYs would be averted over the lifetime of the benefit 
cohorts. The results were subjected to sensitivity analy-
sis and were most sensitive to the assumed pre-control 
burden of clinical morbidity and the disability weights 
used. It is important to note that the GPELF also has 
had both additional benefits not quantified by the 
DALY burden metric as well as benefits from its effects 
on other co-endemic diseases (such as soil-transmitted 
helminths, onchocerciasis and scabies)—making the 
total health benefit even greater than that presented 
here. As with the past impact assessments, these results 
further justify both the value and the importance of 
continued investment in the GPELF.

Box 1 Ancillary benefits (adapted from [11])

Benefit for people with intestinal parasites: Albendazole is also 
used for the control of soil-transmitted helminths (STH) and ivermectin 
has been shown to have anti-parasitic action against several intestinal 
parasites of concern. Consequently, the GPELF is expected to have an 
impact on the prevalence and intensity of common STH infections. It is 
important to note that LF programmes co-administrating albendazole 
and ivermectin will have a much higher impact on trichuris [44] than 
dedicated STH control programmes using single-drug treatments of 
albendazole or mebendazole [45]. Furthermore, the GPELF community-
wide treatment programmes will have a higher impact on hookworm 
since the majority of worms are harboured by adults [45–47]. This 
community-wide approach also serves to address at least some of the 
needs for women of childbearing age living in hookworm endemic 
areas where anaemia is a concern during pregnancy [48, 49].

Benefit for people with scabies: Ivermectin is an effective treatment 
for scabies and can cause the community prevalence to fall dramati-
cally after a few rounds of treatment [50]. Cured individuals show 
improvements in sleep patterns and overall wellbeing and decreased 
incidence of skin infections and renal disease [51].

Benefit for co-endemic onchocerciasis areas: Because of its broad 
geographic range, the GPELF has brought ivermectin treatment to mil-
lions of people living in onchocerciasis-endemic areas not previously 
targeted by onchocerciasis control programmes (as these programmes 
previously focused primarily on communities where the prevalence of 
onchocerciasis exceeds 40%) [52]. The GPELF is therefore likely contrib-
uting significantly to the elimination of onchocerciasis transmission.
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