
Clinical Infectious Diseases

1298  •  CID  2018:66  (15 April)  •  Turner et al

Economic Evaluations of Mass Drug Administration: The 
Importance of Economies of Scale and Scope
Hugo C. Turner,1,2 Jaspreet Toor,3,4 T. Déirdre Hollingsworth,5,6,7 and Roy M. Anderson3,4

1Oxford University Clinical Research Unit, Wellcome Trust Major Overseas Programme, Ho Chi Minh City, Vietnam; 2Centre for Tropical Medicine and Global Health, Nuffield Department of 
Medicine, University of Oxford, and 3London Centre for Neglected Tropical Disease Research and 4Department of Infectious Disease Epidemiology, School of Public Health, Faculty of Medicine, 
St Mary’s Campus, Imperial College London, Norfolk Place, and 5Mathematics Institute and 6School of Life Sciences, University of Warwick, Coventry, and 7Big Data Institute, University of Oxford, 
United Kingdom

It is recognized that changing the current approaches for the control of the neglected tropical diseases will be needed to reach 
the World Health Organization’s (WHO) 2020 goals. Consequently, it is important that economic evaluations of the alternative 
approaches are conducted. A vital component of such evaluations is the issue of how the intervention’s costs should be incorporated. 
We discuss this issue—focusing on mass drug administration. We argue that the common approach of assuming an intervention’s 
cost per treatment is constant, regardless of the number of individuals treated, is a misleading way to consider the delivery costs of 
mass drug administration due to the occurrence of economies/diseconomies of scale and scope. Greater care and consideration are 
required when the costs are incorporated into such analyses. Without this, these economic evaluations could potentially lead to in-
correct policy recommendations.
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The neglected tropical diseases (NTDs) are a group of chronic, 
disabling, and disfiguring conditions that are most prevalent in 
populations living in poverty [1]. These diseases cause a sub-
stantial health burden on poor populations in Africa, Asia, and 
Latin America, costing developing economies billions of dollars 
every year [1, 2].

Several of the most prevalent NTDs are controlled by pre-
ventive chemotherapy using mass drug administration, where 
treatment is given at a large scale to eligible populations within 
an endemic area, without testing the participants for the infec-
tion or performing individual diagnoses. Some treatment pro-
grams target specific age groups, such as school-aged children, 
whereas others target the whole community. There have been 
recent improvements in the progress made on the control of 
NTDs, with 1 billion people being treated for at least 1 NTD in 
2015 alone [3]. It is important to note that these large-scale mass 
drug administration programs against NTDs are possible due to 
drug donations made by the pharmaceutical industry [4, 5].

Despite these achievements [3], it is recognized that changes 
in the current approaches will be required to reach the NTD con-
trol and elimination goals set by the World Health Organization 

(WHO) [4, 6]. When considering policies and their associated costs, 
it is important that economic evaluations of the potential alternative 
approaches are conducted in order to develop the most cost-effec-
tive policies. This is particularly important for NTDs, which are 
most prevalent in resource-poor settings. Furthermore, as the costs 
of NTD control gradually shift from international donors to the 
health budgets of endemic countries [4, 5], it will be important that 
ministries of health can evaluate the costs and cost-effectiveness of 
the different strategies in line with their health priorities.

It is common within economic evaluations to assume constant 
returns to scale, where the intervention’s unit cost (the cost per 
treatment) is constant, regardless of the number of people treated 
[7–12]. This implicitly assumes that the total cost of an interven-
tion increases linearly with the number treated. However, this 
assumption can be inaccurate for costing certain interventions [7, 
9–11, 13]. In this article, we discuss this issue of cost calculations 
within economic evaluations, focusing on mass drug administra-
tion and the importance of economies of scale and scope.

ECONOMIES OF SCALE AND SCOPE

Economies of Scale

Interventions such as mass drug administration can have strong 
economies of scale [11, 14–17] (box 1). This means that as the 
number of people treated increases, the cost per treatment 
decreases (Figure 1). This occurs because some of the costs asso-
ciated with the delivery of mass treatment are fixed, that is, are 
incurred regardless of the number subsequently treated (Box 1), 
resulting in the fixed cost per treatment decreasing as the number 
treated increases. In reality, many of the costs will only be fixed 
for a particular level of activity and will increase incrementally 
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once a threshold is crossed (stepped fixed costs), for example, 
the costs associated with needing to hire and train additional 
health workers when expanding into a new area or when their 
maximum capacity is reached (box 1). Due to the different types 
of fixed costs, there will be a difference in the economies of scale 
generated by increasing the number treated within a given oper-
ational area and increasing the number treated by expanding the 
operational area. Economies of scale can also occur over time 
as programs expand as they are likely to become more efficient 
through better organization and greater experience [7].

It is important to note that not all costs associated with mass 
drug administration will show economies of scale and some will 
scale directly with coverage (i.e., variable costs)—such as the costs 
associated with purchasing or storing treatment drugs (box 1).

Economies of scale are not unique to mass drug administra-
tion and can also occur for other interventions, such as vaccin-
ation [9], and within disease surveillance and monitoring and 
evaluation programs [18]. The reason they can be so significant 
for many of the NTDs is that the drugs are often donated and/
or inexpensive resulting in the treatments delivery costs typic-
ally being the main driver in the programs overall cost. If the 
drugs were more expensive, it would increase the variable cost 
associated with each treatment; consequently, there would be 
less economies of scale. However, economies of scale can also 

occur when purchasing drugs with discounts offered for larger 
orders (see [19] for an example regarding the costs of malaria 
drugs).

Diseconomies of Scale

It is possible for interventions to have diseconomies of scale 
[20]—where the average cost per treatment increases as the 
number treated is increased. This can happen when a program 
reaches full capacity leading to resources being overstretched 
and inefficiencies, or when expanding to populations which are 
more difficult to reach. For example, diseconomies of scale can 
occur when programs are expanded into rural areas as it has 
been found that the costs of health care interventions tend to be 
higher in rural settings than in urban settings [9, 21].

It is important to note that the presence of economies and 
diseconomies of scale are not mutually exclusive, and economic 
theory suggests that as the output of an intervention increases, 
its average cost per unit will first fall and then rise, resulting in 
a ‘u’-shaped average cost per unit curve [12, 20, 22–24]. For ex-
ample, a regression analysis of 17 sex worker programs run by 
nongovernmental organizations in southern India found that 
the cost per commercial sex worker reached first decreased but 
then started to rise after the number reached exceeded around 
1000–1700 [22].

However, in practice, this is not always the case and de-
pending on the intervention and its location/cost structure, only 
economies or diseconomies of scale (or neither) may arise [12].

Economies of Scope

NTD control programs have become increasingly integrated, 
targeting multiple diseases at once, as opposed to using sep-
arate disease-specific programs [25–27]. This integration is 
important, as it can result in economies of scope (box 1). In 
some cases, the diseases require the same drug (such as for 
river blindness and lymphatic filariasis, which both use iver-
mectin), whereas in others, different drugs are needed for each 
disease (such as for schistosomiasis and the soil-transmitted 
helminths). NTD control can also be integrated within inter-
ventions or programs targeting other diseases, generally at a 
low cost [11]. For example, treatment for the soil-transmitted 
helminths can be integrated into established immunisation or 
iron supplementation campaigns targeting adult women [28, 
29], school-based vitamin A campaigns, and Child Health Days 
targeting preschool children [30].

As NTD programs progress, they may need to become in-
creasingly integrated into other established programs, poten-
tially moving from standalone campaign-style approaches to 
community or facility-based approaches.

Why Considering Economies/Diseconomies of Scale and Scope is 
Important

Due to economies of scale assuming a constant cost per treat-
ment can be misleading for interventions such as mass drug 

Figure 1.  Economic cost of a school-based mass drug administration program 
using albendazole to target soil-transmitted helminths as a function of the number 
of children treated. The cost data were collected across six districts over three 
years, represented by the different markers [14]. The dotted line projects the total 
cost per year when assuming a constant cost per treatment (based on the average 
cost per treatment from this data set). The presented figures exclude the cost of 
praziquantel which is used to treat schistosomiasis. Costs are in 2005 prices.
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administration. This is illustrated in Figure 1, which shows eco-
nomic cost data collected from a school-based deworming pro-
gram in Uganda [14] (the same trend can be seen in other data 
sets [15, 16], although this type of cost data is limited). These data 
clearly show that assuming a constant cost per person treated 
provides a poor representation of how the total cost per year 
of the program changes at different treatment coverage levels: 
underestimating the cost of treating a small number of people 
and overestimating the cost of treating a large number of people. 
A subsequent study incorporated this cost data into an economic 
evaluation using a soil-transmitted helminth transmission model 
[13]. It was found that when using a cost function that accounted 
for the economies of scale associated with the cost data, the model 
projected that the cost-effectiveness of mass drug administration 
would increase as the intervention was scaled up (Figure 2) [13]. 
However, if the economies of scale was ignored the opposite con-
clusion was observed with the cost-effectiveness being projected 
to decrease as the intervention was scaled up (Figure 2).

A summary of the key approaches that have been used been 
used to account for economies of scale in economic evaluations 
of mass drug administration are presented in box 2.

The presence of economies/diseconomies of scale and scope 
also has important implications regarding how generalizable 
an intervention’s cost per treatment is to other settings (both 
within and between countries) which subsequently affects the 
generalizability of economic evaluations guiding international 
health policy formulation. For example, due to economies of 
scale, it is possible that an intervention could only be cost-ef-
fective when performed at a large scale. It will also be important 
to consider the potential role economies of scope may have in 

influencing the costs of different NTD interventions [8, 27, 31] 
and the potential influence this could have on determining the 
most cost-effective intervention for a given setting [7].

Economies/diseconomies of scale and scope are also vital 
to consider when comparing the costs of different strategies/
approaches. This is because economic evaluations of alterna-
tive interventions will often need to use cost data from differ-
ent sources/studies. If the potential economies/diseconomies 
of scale and scope are ignored when doing this, analyses may 
make incorrect assumptions regarding the relative costs of dif-
ferent approaches, which could lead to the recommendation of 
suboptimal policies. This is particularly important given the 
recognised need for revised operational approaches in order to 
reach the WHO NTD goals [4].

The influence of economies/diseconomies of scale and scope 
will become increasingly significant as programs move toward 
the elimination goals. For example, due to economies of scale, 
as programs move toward elimination and stop treating in cer-
tain implementation units, their costs will not decrease linearly 
as there will be less economies of scale and scope, increasing the 
cost per treatment. This will be particularly important in light of 
the elimination goals for certain NTDs, as different diseases will 
progress to elimination at different speeds in co-endemic areas. 
For example, lymphatic filariasis control programs provide a 
platform that is leveraged to treat soil-transmitted helminths. 
Due to this, the average cost per person treated for soil-trans-
mitted helminths is expected to dramatically increase as lymph-
atic filariasis programs are discontinued when geographic areas 
pass the transmission assessment survey [32, 33].

In the “last mile” or “end game” toward elimination, the treat-
ment delivery costs may increase, as programs are expanded to 
cover harder-to-reach groups (diseconomies of scale)—such as 
in more remote rural areas [9, 21, 34]. The strength of these 
diseconomies of scale and the point at which they start to affect 
a control program will vary in different areas and to date little 
analysis of this issue has taken place. If these diseconomies 
of scale are ignored, the cost of the elimination strategies will 
be significantly underestimated. When performing economic 
evaluations of elimination strategies, the time horizon for the 
analysis will be particularly important—as this determines 
how long into the future potential cost savings are considered. 
A long-time horizon may be needed for the potential future cost 
savings associated with achieving elimination to counteract the 
increase in the interventions cost due to diseconomies of scale. 
It should be noted that several other variables are also signifi-
cant when estimating the overall societal benefit of elimination, 
such as the projected productivity gains.

CONCLUSIONS

Economic evaluations will play an increasingly significant role 
in informing NTD control strategies. More care and consid-
eration are needed when the costs are incorporated into such 

Figure  2.  Projected cost-effectiveness of a school-based mass drug adminis-
tration program targeting Ascaris lumbricoides. The cost-effectiveness decreases 
when assuming a constant cost per treatment because as the treatment coverage 
is increased, there is a degree of diminishing returns regarding the gains in effect-
iveness (in contrast, it is implicitly assumed that the total cost per year increases 
linearly with the number treated). The figure is adapted from Turner et al [13].
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analyses, particularly for interventions such as mass drug 
administration. The issues raised are also relevant for other 
large-scale intervention programs. Without considering the 
potential economies of scale and economies of scope associ-
ated with interventions, it is possible that cost data will be over 

generalised within economic evaluations, leading to poor policy 
formulation. Key requirements at present are a raised awareness 
of the need to obtain accurate cost data and the need to quantify 
the economies/diseconomies of scale and scope associated with 
health care interventions.

Box 1: Glossary.

Diseconomies of scale: The increase in the average cost per unit resulting from increased production/output, i.e. the op-
posite to economies of scale. This can result from programs expanding into harder-to-reach areas which can be more expensive.

Economic costs: The full value of all resources used for an intervention, including the value of donated resources for which 
no financial transaction has taken place. Economic costs are important when considering issues relating to the sustainability 
and replicability of interventions.

Economies of scale: The reduction in the average cost per unit resulting from increased production/output: in this case, the 
reduction in the cost per treatment that results from treating a larger number of people.

Economies of scope: The reduction in the average cost per unit resulting from producing two or more products at once: in 
this case, the reduction in the cost per treatment when delivering more than one intervention at once (i.e. integrated control 
programs). For example, administering treatment for both schistosomiasis and soil-transmitted helminths within the same 
program (as opposed to separate vertical programs for each disease).

Fixed costs: Costs that are not dependent on the quantity of output: in this case, costs that are incurred and do not change 
regardless of the total number of people treated. Examples of potential fixed costs for mass drug administration include many 
of the costs related to surveillance and the programmatic running costs incurred at a national level.

Stepped-fixed costs: Costs that are fixed for a particular level of activity/production, but increase incrementally once an ac-
tivity threshold is crossed. For example, the costs associated with requiring another vehicle to deliver supplies and/or needing 
to hire and train additional health workers when expanding into a new area or when their maximum capacity has been reached.

Variable costs: Costs that vary in proportion to the quantity of output: in this case, costs that vary depending on the number 
of people treated. Examples of potential variable costs for mass drug administration include the costs associated with purchas-
ing drugs, drug storage and the incidentals associated with providing treatment.

Box 2: Solutions that have been used to account for economies of scale in economic evaluations of mass drug 
administration.

In the following section, some of the past approaches that have been used to account for economies of scale in economic evalua-
tions of mass drug administration are outlined. The optimal solution for a specific study will depend on the type of intervention 
that is being investigated and what cost data is available.

1.	Assuming the delivery costs are fixed for an area that is targeted for treatment:
Several studies have assumed that the delivery costs of mass drug administration are fixed for an area that is targeted for 

treatment [35–38]. For example, the delivery costs for a control program targeting 80 communities are assumed to be essen-
tially fixed for that area and not to change depending on the number of people who subsequently take the treatment within 
those targeted communities. In this case, even the economic value of the community health volunteers’ time can be effectively 
fixed for their community catchment area, as they will spend time visiting households regardless of whether the occupants take 
the treatment (e.g., some occupants may refuse treatment or be absent at the time of the visits).

A limitation of this approach is that it does not account for how the costs change when expanding treatment into a new area, 
that is, changing the geographical coverage. In addition, it does not account well for the fact that the achieved coverage and the 
costs of the program can be correlated (i.e. if an area invests more into community sensitization regarding the benefits arising 
from treatment, it can increase the coverage achieved). The latter limitation can be at least partly addressed by varying the costs 
assumed within any sensitivity analyses.



1302  •  CID  2018:66  (15 April)  •  Turner et al

Notes
Disclaimer.  The views, opinions, assumptions, or any other informa-

tion set out in this article are solely those of the authors. The funders had 
no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript.

Financial support.  H. C. T. is supported by the Wellcome Trust 
[089276/B/09/7]. J. T., T. D. H., and R. M. A. gratefully acknowledge fund-
ing of the NTD Modelling Consortium by the Bill and Melinda Gates 
Foundation in partnership with the Task Force for Global Health and by the 
Children’s Investment Fund Foundation (UK).

Potential conflicts of interests.  R. M. A. is a nonexecutive director on the 
board of GlaxoSmithKline (GSK). GSK played no role in funding this research 
nor in the production of this paper. All authors have submitted the ICMJE 
Form for Disclosure of Potential Conflicts of Interest. Conflicts that the editors 
consider relevant to the content of the manuscript have been disclosed. 

References
1.	 World Health Organization. Neglected tropical diseases. Available at: http://www.

who.int/neglected_diseases/diseases/en/. Accessed 14 August 2017.
2.	 Norris J, Adelman C, Spantchak Y, Marano K. Social and Economic Impact 

Review on Neglected Tropical Disease: Hudson Institute’s Center for Science in 
Public Policy in conjunction with The Global Network for Neglected Tropical 
Diseases. 2012. Available at: https://www.hudson.org/content/researchattach-
ments/attachment/1083/social_and_economic_impact_review_on_neglected_
tropical_diseases_hudson_institute_and_sabin_institute_november_2012.pdf. 
Accessed 14 August 2017.

3.	 World Health Organization. Integrating neglected tropical diseases in global health 
and development. Fourth WHO report on neglected tropical diseases. 2017. 
Available at: http://www.who.int/neglected_diseases/resources/9789241565448/en/. 
Accessed 14 August 2017.

4.	 World Health Organization. Accelerating work to overcome the global impact 
of neglected tropical diseases– A roadmap for implementation. Available at: 

http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf. 
Accessed 14 August 2017.

5.	 World Health Organization. Essential medicines donated to control, elimin-
ate and eradicate neglected tropical diseases. Available at: http://www.who.
int/neglected_diseases/Medicine-donation-Revised-4-April-2017.pdf?ua=1. 
Accessed 14 August 2017.

6.	 Molyneux DH, Savioli L, Engels D. Neglected tropical diseases: progress towards 
addressing the chronic pandemic. Lancet 2017; 389:312–25.

7.	 Elbasha EH, Messonnier ML. Cost-effectiveness analysis and health care resource 
allocation: decision rules under variable returns to scale. Health Econ 2004; 
13:21–35.

8.	 Turner HC, Walker M, French MD, Blake IM, Churcher TS, Basáñez MG. 
Neglected tools for neglected diseases: mathematical models in economic evalua-
tions. Trends Parasitol 2014; 30:562–70.

9.	 Johns B, Torres TT; WHO-CHOICE. Costs of scaling up health interventions: a 
systematic review. Health Policy Plan 2005; 20:1–13.

10.	 Karlsson G, Johannesson M. Cost-effectiveness analysis and capital costs. Soc Sci 
Med 1998; 46:1183–91.

11.	 Turner HC, Truscott JE, Hollingsworth TD, Bettis AA, Brooker SJ, Anderson RM. 
Cost and cost-effectiveness of soil-transmitted helminth treatment programmes: 
systematic review and research needs. Parasit Vectors 2015; 8.

12.	 Kumaranayake L. The economics of scaling up: cost estimation for HIV/AIDS 
interventions. AIDS 2008; 22(Suppl 1):S23–33.

13.	 Turner HC, Truscott JE, Fleming FM, Hollingsworth TD, Brooker SJ, Anderson 
RM. Cost-effectiveness of scaling up mass drug administration for the control 
of soil-transmitted helminths: a comparison of cost function and constant costs 
analyses. Lancet Infect Dis 2016; 16:838–46.

14.	 Brooker S, Kabatereine NB, Fleming F, Devlin N. Cost and cost-effectiveness of 
nationwide school-based helminth control in Uganda: intra-country variation 
and effects of scaling-up. Health Policy Plan 2008; 23:24–35.

15.	 Evans D, McFarland D, Adamani W, et al. Cost-effectiveness of triple drug admin-
istration (TDA) with praziquantel, ivermectin and albendazole for the preven-
tion of neglected tropical diseases in Nigeria. Ann Trop Med Parasitol 2011; 
105:537–47.

2.	Cost menus and micro-costing methods:
Several studies have based their analysis on itemised cost menus (which list the quantity of each required resource, and their 

unit cost) [18, 39–44]. Depending on how these are developed, this approach can be effective at capturing a large proportion 
of the economies of scale associated with treatment distributed by mobile teams of health workers (the distribution method 
used at the time of many of those studies). This method has also been used for costing epidemiological surveys and screening 
strategies [18, 42]. However, for the current large-scale national programs, these simple cost menus are more difficult to define 
as teachers and/or community health volunteers/workers are used to distribute the treatments.

Kim et al [45], used a micro-costing method where they defined the key activities and resources required for onchocer-
ciasis elimination and eradication (based on technical reports and budgets from the African Programme for Onchocerciasis 
Control). Though this approach was comprehensive, a limitation is that it is difficult to perform for programs/interventions 
that do not have such detailed technical reports and thorough program budgets. Furthermore, some economic costs may not 
be captured with this method.
3.	Cost functions:

Turner et al [13] fitted a cost-function to the cost data from the school-based deworming program in Uganda shown in 
Figure 1. This captured how the costs of the program changed at different coverage levels. However, this approach requires 
detailed cost data to be collected at various stages of a program over multiple years—which is typically lacking for most coun-
tries with NTD control programs.
4.	Costing models:

The WHO has recently developed a web-based regression statistical model which can estimate the delivery costs of mass 
drug administration [46, 47]. The model was based on a systematic review and a meta-regression of the obtained cost data. The 
model can estimate country-specific financial and economic delivery costs (with 95% confidence intervals) and can account for 
the economies of scale associated with mass drug administration. This model was subsequently used to perform an economic 
evaluation of the Global Programme to Eliminate Lymphatic Filariasis [48].

Kastner et al [49] also developed a micro-costing model, which was used to project the financial and economic cost of dif-
ferent lymphatic filariasis eradication scenarios.



Economic Evaluations of Mass Drug Administration  •  CID  2018:66  (15 April)  •  1303

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

17.	 Conteh L, Engels T, Molyneux DH. Socioeconomic aspects of neglected tropical 
diseases. Lancet 2010; 375:239–47.

18.	 Turner HC, Bettis AA, Dunn JC, et  al. Economic considerations for moving 
beyond the Kato-Katz technique for diagnosing intestinal parasites as we move 
towards elimination. Trends Parasitol 2017; 33:435–43.

19.	 Institute of Medicine (US) Committee on the Economics of Antimalarial Drugs. 
Saving lives, buying time: economics of malaria drugs in an age of resistance. 
Washington, DC: National Academies Press, 2004.

20.	 Guinness L, Wiseman V. Introduction To Health Economics. New York: Open 
University Press, 2011.

21.	 Johns B, Baltussen R. Accounting for the cost of scaling-up health interventions. 
Health Econ 2004; 13:1117–24.

22.	 Guinness L, Kumaranayake L, Rajaraman B, et al. Does scale matter? The costs of 
HIV-prevention interventions for commercial sex workers in India. Bull World 
Health Organ 2005; 83:747–55.

23.	 Guinness L, Kumaranayake L, Hanson K. A cost function for HIV prevention 
services: is there a ‘u’ - shape? Cost Eff Resour Alloc 2007; 5:13.

24.	 Bishai D, McQuestion M, Chaudhry R, Wigton A. The costs of scaling up vacci-
nation in the world’s poorest countries. Health Aff (Millwood) 2006; 25:348–56.

25.	 Lammie PJ, Fenwick A, Utzinger J. A blueprint for success: integration of 
neglected tropical disease control programmes. Trends Parasitol 2006; 22:313–21.

26.	 Ananthakrishnan S, Das PK. Integrated programme for control of geohelminths: 
a perspective. Natl Med J India 2001; 14:148–53.

27.	 Brady MA, Hooper PJ, Ottesen EA. Projected benefits from integrating NTD pro-
grams in sub-Saharan Africa. Trends Parasitol 2006; 22:285–91.

28.	 Casey GJ, Sartori D, Horton SE, et al. Weekly iron-folic acid supplementation with 
regular deworming is cost-effective in preventing anaemia in women of repro-
ductive age in Vietnam. PLoS One 2011; 6:e23723.

29.	 Boselli G, Yajima A, Aratchige PE, et al. Integration of deworming into an exist-
ing immunisation and vitamin A supplementation campaign is a highly effective 
approach to maximise health benefits with minimal cost in Lao PDR. Int Health 
2011; 3:240–5.

30.	 Fiedler JL, Chuko T. The cost of Child Health Days: a case study of Ethiopia’s 
Enhanced Outreach Strategy (EOS). Health Policy Plan 2008; 23:222–33.

31.	 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.

32.	 Chu BK, Deming M, Biritwum NK, et al. Transmission assessment surveys (TAS) 
to define endpoints for lymphatic filariasis mass drug administration: a multi-
center evaluation. PLoS Negl Trop Dis 2013; 7:e2584.

33.	 World Health Organization. Lymphatic filariasis: monitoring and epidemio-
logical assessment of mass drug administration: A manual for national elim-
ination programmes. Available at: http://www.who.int/lymphatic_filariasis/
resources/9789241501484/en/. Accessed 14 August 2017.

34.	 Bishai D, Johns B, Lefevre A, Nair D, Simons E, Dabbagh A. Measles eradication 
versus measles control: an economic analysis. Vaccines Vaccin 2012; S:3.

35.	 Turner HC, Walker M, Churcher TS, et al. Reaching the London declaration on 
neglected tropical diseases goals for onchocerciasis: an economic evaluation of 
increasing the frequency of ivermectin treatment in Africa. Clin Infect Dis 2014; 
59:923–32.

36.	 Turner HC, Truscott JE, Bettis AA, et al. An economic evaluation of expanding 
hookworm control strategies to target the whole community. Parasit Vectors 
2015; 8:570.

37.	 Turner HC, Walker M, Attah SK, et al. The potential impact of moxidectin on 
onchocerciasis elimination in Africa: an economic evaluation based on the Phase 
II clinical trial data. Parasit Vectors 2015; 8:167.

38.	 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.

39.	 Guyatt HL, Chan MS. An investigation into the interaction between drug effi-
cacy and drug price of praziquantel in determining the cost-effectiveness of 
school-targeted treatment for Schistosoma mansoni using a population dynamic 
model. Trop Med Int Health 1998; 3:425–35.

40.	 Guyatt HL, Chan MS, Medley GF, Bundy DA. Control of Ascaris infection by 
chemotherapy: which is the most cost-effective option? Trans R Soc Trop Med 
Hyg 1995; 89:16–20.

41.	 Guyatt HL, Bundy DA, Evans D. A population dynamic approach to the 
cost-effectiveness analysis of mass anthelmintic treatment: effects of treatment 
frequency on Ascaris infection. Trans R Soc Trop Med Hyg 1993; 87:570–5.

42.	 Carabin H, Guyatt H, Engels D. A comparative analysis of the cost-effectiveness 
of treatment based on parasitological and symptomatic screening for Schistosoma 
mansoni in Burundi. Trop Med Int Health 2000; 5:192–202.

43.	 Guyatt H. Different approaches to modelling the cost-effectiveness of schistoso-
miasis control. Mem Inst Oswaldo Cruz 1998; 93(Suppl 1):75–84.

44.	 Guyatt H, Evans D, Lengeler C, Tanner M. Controlling schistosomiasis: the 
cost-effectiveness of alternative delivery strategies. Health Policy Plan 1994; 
9:385–95.

45.	 Kim YE, Sicuri E, Tediosi F. Financial and economic costs of the elimination and 
eradication of onchocerciasis (river blindness) in Africa. PLoS Negl Trop Dis 
2015; 9:e0004056.

46.	 Fitzpatrick C, Fleming FM, Madin-Warburton M, et al. Benchmarking the cost 
per person of mass treatment for selected neglected tropical diseases: an approach 
based on literature review and meta-regression with web-based software applica-
tion. PLoS Negl Trop Dis 2016; 10:e0005037.

47.	 Benchmarks for the cost per person of mass treatment against neglected trop-
ical diseases. Available at: https://healthy.shinyapps.io/benchmark. Accessed 14 
August 2017.

48.	 Turner HC, Bettis AA, Chu BK, et al. Investment success in public health: an ana-
lysis of the cost-effectiveness and cost-benefit of the global programme to elimin-
ate lymphatic filariasis. Clin Infect Dis 2017; 64:728–35.

49.	 Kastner RJ, Sicuri E, Stone CM, Matwale G, Onapa A, Tediosi F. How much will 
it cost to eradicate lymphatic filariasis? An analysis of the financial and economic 
costs of intensified efforts against lymphatic filariasis. PLoS Negl Trop Dis 2017; 
11:e0005934.


