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ABSTRACT
Background: Onchocerciasis (river blindness) is
endemic mostly in remote and rural areas in sub-
Saharan Africa. The treatment goal for onchocerciasis
has shifted from control to elimination in Africa. For
investment decisions, national and global policymakers
need evidence on benefits, costs and risks of
elimination initiatives.
Methods: We estimated the health benefits using a
dynamical transmission model, and the needs for
health workforce and outpatient services for elimination
strategies in comparison to a control mode. We then
estimated the associated costs to both health systems
and households and the potential economic impacts in
terms of income gains.
Results: The elimination of onchocerciasis in Africa
would avert 4.3 million–5.6 million disability-adjusted
life years over 2013–2045 when compared with staying
in the control mode, and also reduce the required
number of community volunteers by 45–53% and
community health workers by 56–60%. The elimination
of onchocerciasis in Africa when compared with the
control mode is predicted to save outpatient service
costs by $37.2 million–$39.9 million and out-of-pocket
payments by $25.5 million–$26.9 million over 2013–
2045, and generate economic benefits up to $5.9
billion–$6.4 billion in terms of income gains.
Discussion: The elimination of onchocerciasis in
Africa would lead to substantial health and economic
benefits, reducing the needs for health workforce and
outpatient services. To realise these benefits, the
support and collaboration of community, national and
global policymakers would be needed to sustain the
elimination strategies.

INTRODUCTION
Onchocerciasis (river blindness) is a parasitic
disease transmitted by blackflies. Notable symp-
toms include severe itching, skin lesions and
vision impairment including blindness. The
disease is endemic in parts of Africa, Latin
America and Yemen, and more than 99% of all
cases are found in sub-Saharan Africa.1

Onchocerciasis affects the poor population in
remote and rural areas, resulting in negative
socioeconomic impacts on them. Fortunately,

morbidity has been significantly decreased in
Africa mainly through the vector control activ-
ities in West Africa under the Onchocerciasis
Control Programme (OCP) over 1975–2002
and the community-directed treatment with
ivermectin (CDTi) in sub-Saharan Africa and
parts of West Africa within the framework of
the African Programme for Onchocerciasis
Control (APOC) since 1995.2 Studies in Mali,
Senegal and Uganda and the verified

Key questions

What is already known about this topic?
▸ The treatment goal of onchocerciasis has shifted

from control to elimination in Africa where most
infected cases exist.

▸ The African Programme for Onchocerciasis
Control has developed a conceptual framework
for elimination, and previous studies modelled
alternative elimination strategies based on the
conceptual framework and showed that elimin-
ation strategies are cost-saving when compared
with staying in a control mode.

What are the new findings?
▸ This study shows the benefits the elimination

strategies would bring about in terms of health
and economic gains and the impacts on health
systems.

▸ The study predicts that the elimination strategies
would lead to disability-adjusted life years
averted due to prevented skin itch, low vision
and blindness, the reduction in health work-
forces associated with community-directed
onchocerciasis treatments and the reduction in
the use of outpatient services and associated
out-of-pocket payments.

Recommendations for policy
▸ This study could be used by regional and global

donors for their funding decisions on onchocer-
ciasis elimination programmes by providing the
quantitative prediction on health and economic
benefits associated with onchocerciasis elimin-
ation strategies in comparison to staying in a
control mode.
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elimination in Colombia (2013), Ecuador (2014),
Guatemala (2016) and Mexico (2015) showed that oncho-
cerciasis elimination is feasible through ivermectin admin-
istration.1 3 4 The feasibility of elimination in addition to
the successful control programmes have provided policy-
makers and donors with a justification to pursue the elim-
ination of onchocerciasis, as shown by the WHO roadmap
for neglected tropical diseases (NTDs) and the London
declaration on NTDs.5 6

To invest in onchocerciasis elimination, given the
limited resources and competing priorities, national and
global policymakers and donors need information on the
expected costs and impacts of potential elimination strat-
egies. To generate this information, we assess the poten-
tial health and economic impacts in Africa associated
with the control and elimination scenarios (box 1).

METHODS
We compared the impacts of the control and elimin-
ation scenarios in Africa in health, economic and health
system aspects. The time horizon for our analysis is from
2013 to 2045: the initial year was decided considering
epidemiological and budget data for the previous epi-
demiological and cost analysis, which forms a basis for
our analysis, were available up until 2012 and the end
year was decided, as the earliest expected last year of
treatment in the alternative elimination scenarios is
early 2040s.7 8 The health and economic impacts were
discounted with 3%.

Assessment of the health impact
To evaluate the health impacts of onchocerciasis elimin-
ation, we compared the prevalence of severe itching, low
vision, and blindness and disability-adjusted life years
(DALYs) between the elimination scenarios and the

control scenario. To predict the trends in the prevalence
of the three symptoms by age group for the period
2013–2045, we ran simulations using the dynamical
transmission model ONCHOSIM.9 We used the methods
that Coffeng et al10 used to evaluate the health impacts
of ivermectin treatments under the APOC, in which iver-
mectin was assumed to relieve severe itching by killing
99% of microfilariae, whereas its effect on reversing
some forms of vision impairment (eg, due to punctate
keratitis) was not considered, and also accounting for
the infection type (savanna or forest), the precontrol
endemicity level, the history of treatment coverage and
the start year of treatment at project level (implementa-
tion unit), all of which were available from APOC data-
bases. The precontrol endemicity level (none, hypo,
meso, hyper) was defined for APOC countries based on
the precontrol nodule prevalence among adult men,
and for former OCP countries based on precontrol
microfilariae prevalence among people aged 5 years and
above7 (see online supplementary appendix I). For the
entire time horizon, we assumed that treatment coverage
would be stable at the level of average treatment cover-
age over 2010–2012 for APOC countries, and at the
most recent treatment coverage level for former OCP
countries due to the lack of history data. If the average
treatment coverage was below 65%, the required
minimum for effective control,11 we used the highest
treatment coverage achieved during 2010–2012 as the
expected treatment coverage. We assumed that if the
country decides to shift the goal from control to elimin-
ation, treatment coverage will go up at least to the
highest level achieved. For potential new projects, we
used the national average treatment coverage and, if
there were no relevant data, we used the regional
average (across available national averages in either
APOC or former OCP regions). For the new projects, we
used the predicted start years based on donors’ strategic
plans and epidemiological and political situations in
Kim et al.7

We estimated the number of cases by multiplying the
predicted prevalence of each symptom by the popula-
tion living in endemic areas at project level. Community
census data for 2011 were available for all projects from
the APOC REMO (Rapid Epidemiological Mapping of
Onchocerciasis) database, and we adjusted for country-
specific population growth rates over 2013–2045.12

To compute DALYs, we estimated the years of life with
disability (YLD), multiplying the number of prevalent
cases of each symptom by a relevant disability weight,
namely 0.187 for severe itching, 0.033 for low vision and
0.195 for blindness.13 We then calculated the years of
life lost (YLL) by assigning 8 years of life expectancy loss
for each blindness incidence based on the average onset
age of blindness and the assumption of 50% reduction
in remaining life expectancy.10

The methodological details for evaluating health impacts
are described in online supplementary appendix I.

Box 1 Brief description of scenarios (Source: Kim et al7)

Control scenario: to keep the disease prevalence at a locally
acceptable level, annual CDTi is implemented for at least 25 years,
and afterwards epidemiological surveillance is conducted to
evaluate whether CDTi can be stopped.
Elimination scenario I (African endemic countries without feasibil-
ity concerns): to reduce the incidence of infection to zero in a
defined area (endemic areas without epidemiological and political
concerns), annual or biannual CDTi is implemented and regular
epidemiological and entomological surveillance is implemented to
track epidemiological trends to decide a proper time to stop CDTi
and to detect and respond to recrudescence early.
Elimination scenario II (all African endemic countries): to reduce
the incidence of infection to zero in Africa, tailored treatment
approaches in addition to annual/biannual CDTi are implemented
to deliver sustainable treatments to all endemic areas including
challenging areas with epidemiological and political concerns.
Regular epidemiological and entomological surveillance is imple-
mented to track epidemiological trends, to decide a proper time
to stop CDTi, and to detect and respond to recrudescence early.
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Impacts on health workforce
CDTi has been the primary approach for onchocerciasis
treatment in Africa. In CDTi, community volunteers play
a central operational role by deciding when and how to
distribute drugs, administering drugs, managing adverse
reactions, keeping records and reporting to health
workers.14 Community health workers train community
volunteers, monitor and evaluate CDTi performance,
and report to health workers at higher levels to support
informed decision-making.15 We estimated the number
of community volunteers and community health workers
required for implementing CDTi under each scenario.
We multiplied the population living in endemic areas by
the respective ratio of necessary community volunteers
and community health workers over population, using
the predicted timelines for the treatment phase at
project level for each scenario.7 The ratios of required
community volunteers and of community health workers
over population were available from 2012 budget docu-
ments for 67 of total 112 APOC projects in sub-Saharan
Africa (as of November 2013). We assumed that the
ratios would be stable until the last year of CDTi. For
projects without relevant ratios, we used a national
average ratio and, if there were no national average data,
we used a regional average ratio.

Impact on the use of outpatient services and associated
costs
To assess the impact of onchocerciasis elimination on
the use of health services, we predicted the number of
outpatient visits and the associated financial costs to
health systems and households for each scenario. To
predict the number of outpatient visits, we multiplied
the predicted number of patients with severe itching
and low vision by the health facility usage rate at project
level for the pre-CDTi period. As a proxy for the health
facility usage rate, we used the average treatment cov-
erages for the first year of CDTi, available from the
APOC database for multiple endemic African countries
(mean: 40%, SD: 15%),16 assuming that the proportion
of people seeking treatments in areas without CDTi is
similar to the compliance rate in the first CDTi year.
We then estimated outpatient service costs, multiplying

the predicted number of outpatient visits by a country-
specific outpatient cost per visit available in the
WHO-CHOICE (CHOsing Interventions that are Cost
Effective) database (see online supplementary table S4).
We estimated out-of-pocket payments, multiplying the

outpatient service cost by a share of out-of-pocket
expenditure (% of total health expenditure), and then
adding transportation cost which is assumed to be 17%
of out-of-pocket expenditure based on cross-country
surveys17 (see online supplementary table S4).

Economic impacts
We estimated the potential economic benefits of oncho-
cerciasis elimination by predicting income gains asso-
ciated with the reduction in the prevalence of severe

itching, low vision and blindness. This approach takes a
view that disease prevention and treatment are an invest-
ment in human capital, and the value of investment can
be quantified in terms of individuals’ income gains.18 19

We estimated income losses by multiplying the pre-
dicted number of patients aged 15 years and above with
severe itching, low vision and blindness by a country-
specific employment rate and a proxy for income losses
for each symptom under each scenario. We assumed
that patients would have the same probability of being
employed as general population unless they had oncho-
cercal symptoms (see online supplementary table S5).
We assumed that patients aged from 15 to 64 years with
severe itching would lose 19% of GDP (gross domestic
product) per capita, and those with low vision and blind-
ness would lose 38% and 79% of GDP per capita,
respectively, based on surveys.20–22 Patients aged 65 years
and above were assumed to earn half the income of
those aged from 15 to 64 years.23 24 We also estimated
income loss for informal caretakers (eg, families and
relatives), assuming that one patient with low vision and
blindness needs one adult caretaker. We assumed that
the caretaker would lose 5% of GDP per capita if the
patient has low vision, and 10% of GDP per capita if the
patient is blind.24 25 To estimate income losses from
mortality due to blindness, we multiplied the predicted
YLL by GDP per capita, considering that blindness
causes premature death at a fully productive age.26 To
calculate income gains from elimination, we compared
total income losses between the control scenario and
the elimination scenarios.

Uncertainty analysis
We first conducted one-way deterministic sensitivity ana-
lysis (DSA) to examine the impact of a single para-
meter’s uncertainty on the results and determine which
parameters are key drivers. We then conducted probabil-
istic sensitivity analysis (PSA) to assess the robustness of
the results to the joint uncertainties about all selected
parameters. For the PSA, we applied statistical distribu-
tions to parameters considering parametric character-
istics and fitted to available data. Methodological details
on PSA, including statistical distributions and data used
for each parameter, are described in online
supplementary appendix II.

RESULTS
The predicted impacts of eliminating onchocerciasis in
comparison to staying in the control mode are described
in terms of health benefits, the required number of
health workforces, the number of outpatient visits and
associated costs, and economic benefits.

Health impacts
The control and elimination scenarios would lead to the
decrease in the prevalence of the onchocercal symptoms
(figure 1). The decrease in the prevalence of severe
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itching was faster than in those of low vision and blind-
ness mainly due to a high effectiveness of ivermectin in
killing microfilariae. The decrease in the prevalence of
low vision was the slowest, because progression to blind-
ness is largely prevented, resulting in more people
staying in the stage of low vision. When compared with
the control scenario, the elimination scenarios I and II
would lead to DALYs averted by 4.3 million (2.1M
−5.4M) and 5.6 million (2.7M−7.0M) years, respectively,
over 2013–2045 (figure 2). The majority of DALYs
averted are associated with the reduction in severe
itching cases. The reasons for lowest DALYs averted for
low vision are that the decrease in its prevalence is the
slowest among the three symptoms, the disability weight
for low vision is lower than those for skin itching and
blindness and low vision contributes to only YLD,
whereas blindness contributes to both YLD and YLL.

Impact on health workforce
The elimination scenarios I and II would lead to a
reduction in the number of community volunteers
required for implementing CDTi by 45% and 52%,
respectively, or 10.7 million (5.9M−14.1M) and 12.4
million (6.9M−15.7M). Moreover, the total number of

required community health workers would be reduced
by 56% and 60%, respectively, or 1.3 million (0.5M
−1.9M) and 1.4 million (0.6M−2.0M).

Impact on the use of outpatient services and associated
costs
The elimination of onchocerciasis would reduce the
financial burden on health systems and individuals asso-
ciated with the use of outpatient services due to severe
itching and low vision. The number of outpatient visits
due to those symptoms is predicted to decrease from
846 000 in 2013 to 307 000 in 2045 in elimination scen-
ario I and to <1000 in elimination scenario II, whereas it
is predicted to increase to 1.2 million in the control
scenario mainly due to population growth (figure 3).
This would save outpatient service costs by $35.9 million
($17.8M–$47.1M) and $38.6 million ($19.1M–$50.0M)
for the elimination scenarios I and II over 2013–2045,
respectively, when compared with the control scenario;
and out-of-pocket payments by $24.7 million ($12.2M–

$33.6M) and $26.0 million ($12.7M–$36.4M), respect-
ively (figure 4).

Economic impacts
The economic productivity benefits in terms of income
gains for the elimination scenarios I and II when
compared with the control scenario are predicted to be

Figure 1 Simulated trends in

the prevalence of severe itching,

low vision and blindness in

endemic African regions over

2013–2045.

Figure 2 Disability-adjusted life years averted for the

elimination scenarios when compared with the control

scenario in endemic African regions over 2013–2045.

(The ranges are from probabilistic sensitivity analysis).

Figure 3 Annual number of outpatient visits in endemic

African regions over 2013–2045.
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$5.9 billion ($2.5bn–$7.2bn) and $6.4 billion ($2.8bn–
$8.0bn), respectively (figure 5). Income gains associated
with the reduction in severe itching, low vision and blind-
ness would account for 65%, 28% and 7% of total gains,
respectively. Ninety-seven per cent of the income gains are
expected to be associated with patients and the remaining
3% with their caretakers.

Uncertainty analysis
One-way DSA indicated that the most influential param-
eter for the health impact results is the relative level of
infection and morbidity in hypoendemic areas to mesoen-
demic areas (see online supplementary figure S1); for the
health workforce needs, the ratio of community volunteers
over population and that of community health workers
over population (see online supplementary figures S2 and
S3); for the savings of outpatient service costs and
out-of-pocket payments, the number of patients with
severe itching and health facility usage rate (see online
supplementary figures S4 and S5); and for the income
gains, the number of patients with severe itching, the
income level during health years and the income loss due
to skin itching (see online supplementary figure S6).
Varying the discount rate from 0% to 6% leads the results
to vary from 70% to 150% of the point estimates (see
online supplementary figures S1 and S4–S6).
All results are summarised in table 1.

DISCUSSION
The results of this study show that scaling up treatments
from mesoendemic/hyperendemic areas to hypoen-
demic areas along with regular epidemiological and
entomological surveillance with the aim of elimination
would lead to substantial health and economic benefits
and reduce the burden on health systems in terms of
health workforce and outpatient services. Kim et al8

showed in a cost analysis study that the elimination I and
II scenarios, compared with the control scenario, would
require a similar level of financial costs and significantly
lower non-financial economic costs for programme oper-
ation over 2013–2045. These results imply that elimin-
ation programmes for onchocerciasis would save
economic costs for conducting drug administration and
surveillance in the long run when compared with
control programmes and, at the same time, bring health
and economic benefits to people.
Yet there are limitations that should be considered

when the results are interpreted. First, although the
model ONCHOSIM has been successfully validated by
comparing the simulated trends of microfilaria preva-
lence and blindness to the empirical observations from
multiple locations,10 27–31 it should be considered that
the model uncertainties remain as it does not account
for the possibility of recrudescence (due to unexpected
or irregular factors such as civil conflicts, waning compli-
ance to treatment, and human and vector migration),
the effect of ivermectin on reversing some forms of
vision impairment, the increase in mortality in infected,
but not blind, people,32 and so on. Second, the
expected last year of treatment could be earlier than
2040 in reality, especially if countries in need of treat-
ment beyond 2030 to achieve elimination (Central
African Republic, Democratic Republic of the Congo
and South Sudan) adopt 6-monthly treatment. Third,
DALY was estimated using the new disability weights

Figure 4 The savings of outpatient service costs and

out-of-pocket payments in endemic African regions for the

elimination scenarios when compared with the control

scenario over 2013–2045. (The ranges are from probabilistic

sensitivity analysis.)

Figure 5 Income gains in endemic African regions for the

elimination scenarios when compared with the control

scenario over 2013–2045. (The ranges are from probabilistic

sensitivity analysis.)
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from the 2010 global burden of disease (GBD) study
which raised concerns as the disability weights are differ-
ent from those in the previous 2004 GBD study, espe-
cially the decreased weight for blindness from 0.594 to
0.195.13 33 Overall, DALYs averted in our analysis are
higher by 2.0 million–5.6 million than those calculated
using the previous disability weights. This is because the
main driver of DALYs is the number of skin itching
cases, the disability weight (0.187) of which is higher
than the previous one (0.068), thereby offsetting the
decreased DALYs averted due to low vision and blind-
ness. Also, as shown in the sensitivity analysis (see online
supplementary figure S1), for a more accurate estima-
tion of DALYs averted, empirical data for the ratio of
infection and morbidity in hypoendemic areas over
mesoendemic areas will be required. Fourth, we
assumed that the required number of community volun-
teers and community health workers for CDTi would be
available in the estimation of workforce needs. However,
the availability of these health workforces could change,
for example, due to political circumstances and budgets
allocated to keep and develop the health workforces.
Fifth, we restricted the time horizon for analysis of the
workforce needs to the treatment phase due to the lack
of data on the workforce needs for the post-treatment
surveillance period. In practice, policy-makers should
consider that health workers will be needed for conduct-
ing and monitoring surveillance and responding to
recrudescence after treatments are safely stopped.
Sixth, as shown in the sensitivity analysis for the savings
of outpatient service costs and out-of-pocket payments
(see online supplementary figures S4 and S5), regular
surveys on health facility usage and the relevant unit
costs per person will be required for more reliable pre-
diction. Seventh, in real life, income gains may be lower
than our estimates, considering that onchocerciasis is
concentrated among those with the lowest income, as
shown in the lower bound of income gains in the sensi-
tivity analysis (see online supplementary figure S6).

More surveys on income and the impact of onchocerciasis
on individual income will be needed for more robust eco-
nomic evaluation. Finally, the economic impact can be eval-
uated from a more comprehensive perspective, by
including psychological well-being gains as well as income
gains. A study by Jamison et al34 based on willingness-to-pay
studies estimated the economic value of one additional life
year at 4.2 times GDP per capita for sub-Saharan Africa.
Using their estimate, economic benefits from prevented
mortality due to blindness are predicted to be at least four
times higher than those in our study. This suggests that the
economic impact evaluation is sensitive to a perspective
and relevant methodological approaches.
Despite the limitations, the elimination scenarios are

predicted to dominate the control scenario as they
would lead to health and economic benefits with lower
economic costs for operating treatment programmes in
the long run. To realise these benefits, collaboration
through well-defined arrangements, roles and responsi-
bilities among all stakeholders at community, national
and global levels will be critical as shown in the success-
ful smallpox eradication.35 36 Cooperation from global
donors and pharmaceutical companies through sus-
tained funding and drug donation is particularly import-
ant, especially in the early stage of elimination
programmes during which the needs for funding,
health workforce and medicines will increase.

Handling editor Seye Abimbola.
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