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I. Methodological details on health impact assessment 1 

Health impact assessment 2 

To examine health impacts of eliminating onchocerciasis as compared to staying in a control mode, we 3 

used a dynamical transmission model, ONCHOSIM (1).  4 

1. The unit of simulation 5 

The unit of model simulation was project, an implementation unit which operational and budget 6 

decisions are made for and ranges from a single district to a whole country. There were 174 7 

projects including 112 ongoing projects (as of November 2013) and potential 62 projects in 8 

endemic African regions. For the simulation, we used a database containing population for 2011, 9 

infection type (savanna or forest/mixed), pre-control nodule prevalence for APOC countries, pre-10 

control microfilaria prevalence for former OCP countries, and the history of treatment coverage 11 

for the period 1995–2011 for each project, made available from WHO/APOC. For analysis, we 12 

categorized projects into four groups – hyper-, meso-, hypo-, and non-endemicity – based on the 13 

maximum pre-control nodule/microfilariae prevalence, namely, non-endemic with less than 5% 14 

nodule (or 10% microfilariae) prevalence, hypo-endemic between 5% and 20% nodule (or 10% 15 

and 40% microfilariae) prevalence, meso-endemic between 20% and 40% nodule (or 40% and 60% 16 

microfilariae) prevalence, and hyper-endemic with 40% and above nodule (or 60% and above 17 

microfilariae) prevalence. Within a project, we also subdivided the area into hyper-, meso-, hypo-, 18 

and non-endemic areas based on epidemiological mapping and spatial analysis, and the simulation 19 

was conducted for each subdivided area. 20 

 21 

Example: a project Adamaoua 1 in Cameroon 22 

 2011 population : 470,290 23 

 Pre-control maximum nodule prevalence: 60.05% (therefore categorized to hyper-endemicity) 24 

 Infection type: savanna 25 

 History of treatment coverage since the beginning of treatment 26 

Year 2004 2005 2006 2007 2008 2009 2010 2011 

Coverage 47% 49% 53% 54% 71% 74% 72% 74% 

 27 

 Geographical distribution of pre-control endemicity within a project 28 

Endemicity Hyper Meso Hypo Non Total 

Surface (km
2
) 2,535  11,636  25,632  1,889  41,692  

Surface (%) 6% 28% 61% 5% 100% 

 29 
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2. Assumptions by scenario 30 

The control and elimination (I, II) scenarios have different assumptions in terms of project 31 

implementation: the expected start years of potential new projects and the treatment duration. The 32 

details are described in Kim et al. 2015 (2). 33 

 34 

Example: a project Adamaoua 1 in Cameroon 35 

 Start year: 2008 (As the minimum treatment coverage for effective control of the disease is 36 

65%, the start year was assumed to be the first year with treatment coverage higher than 65% 37 

in our simulation, although actual treatment started before 2008.) 38 

 Treatment duration (predicted based on model simulation for the elimination scenarios I and II) 39 

Scenario Control Elimination I Elimination II 

Treatment duration 25 years 14 years 14 years 

 40 

3. Prediction of the trends in infection and symptoms by endemicity stratum 41 

We predicted the trends in the prevalence of infection and symptoms (severe itching, low vision, 42 

blindness) by age group and sex for the subdivided areas (hyper-, meso-, hypo-, non-endemic) 43 

within a project over 2013–2045, taking into account the overall endemcity level of the project and 44 

the prevailing type of infection: 1) the savanna type with high prevalence of vision impairment and 45 

2) the forest/mixed type with low prevalence of vision impairment. Similar to Coffeng et al. (3), 46 

simulations were done only for hyper- and meso-endemicity settings; we assumed the prevalence 47 

of infection and symptoms in hypo-endemic setting to be one-third of that in meso-endemic setting. 48 

Considering the stochastic nature of the model, trends were estimated as the average trend from 49 

150 repeated simulation runs.   50 
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Example: a project Adamaoua 1 in Cameroon 51 

 Predicted trends of infection and symptoms by sex and age group for hyper-, meso-, and hypo-52 

endemicity areas within the project under the elimination scenario II. 53 

1. Hyper-endemic areas within the project 

Female Male 

Prevalence of infection (%) 

  
Prevalence of severe itching (%) 

  
Prevalence of low vision (%) 

  
Prevalence of blindness (%) 

  

 54 

  55 
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2. Meso-endemic areas within the project 

Female Male 

Prevalence of infection (%) 

  
Prevalence of severe itching (%) 

  
Prevalence of low vision (%) 

  
Prevalence of blindness (%) 

  

 56 

  57 



6 

 

3. Hypo-endemic areas within the project 

Female Male 

Prevalence of infection (%) 

  
Prevalence of severe itching (%) 

  
Prevalence of low vision (%) 

  
Prevalence of blindness (%) 

  

 58 

  59 
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4. Prediction of the number of cases by age group and sex 60 

To predict the number of cases of infection and symptoms by age group and sex over 2013–2045, 61 

we multiplied the respective predicted prevalence of cases by population. The 2011 population at 62 

project level was decomposed to age group and sex using the country-specific distribution of 63 

population by age group and sex (4), and projected for the entire time horizon using the population 64 

growth rates (4). Then, to calculate the distribution of population by endemicity within a project 65 

area, we used the proportion of surface for each endemicity level as a proxy for the distribution of 66 

population, assuming population is evenly distributed. 67 

 68 

  69 
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Example: a project Adamaoua 1 in Cameroon 70 

 Predicted number of cases of infection and symptoms by sex and age group for hyper-, meso-, and 71 

hypo-endemicity areas within the project under the elimination scenario II. 72 

1. Hyper-endemic areas within the project 

Female Male 

Number of infection cases (%) 

  
Number of severe itching cases (%) 

  
Number of low vision cases (%) 

  
Number of blindness cases (%) 

  

  73 
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 74 

2. Meso-endemic areas within the project 

Female Male 

Number of infection cases (%) 

  
Number of severe itching cases (%) 

  
Number of low vision cases (%) 

  
Number of blindness cases (%) 

  

  75 
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3. Hypo-endemic areas within the project 

Female Male 

Number of infection cases (%) 

  
Number of severe itching cases (%) 

  
Number of low vision cases (%) 

  
Number of blindness cases (%) 

  

 76 

  77 
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5. DALYs estimation 78 

To compute DALYs, we estimated the years lost due to disability (YLD), multiplying the 79 

predicted number of prevalent cases of each symptom by a relevant disability weight, namely, 80 

0.187 for severe itching, 0.033 for low vision, and 0.195 for blindness over 2013−2045 (5). And 81 

we calculated the years of life lost (YLL) by assigning eight years of life-expectancy loss for each 82 

blindness incidence assuming that blindness causes premature death (3).  83 

 84 

Example: a project Adamaoua 1 in Cameroon 85 

 Predicted DALYs associated with severe itching, low vision, and blindness for hyper-, meso-, and 86 

hypo-endemicity areas within the project under the elimination scenario II. 87 

Hyper-endemic Meso-endemic Hypo-endemic 

   
 88 

6. Aggregation over projects 89 

To estimate total health impacts for each scenario (control, elimination I, and elimination II), we 90 

aggregated the predicted number of cases and DALYs over the four endemicity strata within each 91 

project and across the entire 174 projects. 92 

 93 

  94 
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II. Methodological details on probabilistic sensitivity analysis 95 

 96 

To examine the robustness of results against the joint uncertainties about parameters and assumptions, 97 

we conducted multivariate probabilistic sensitivity analysis. 98 

 99 

1. Health Impacts 100 

Parameters against which we assessed the robustness of health impacts (the number of cases of 101 

severe itching, low vision, and blindness and DALYs) were the treatment coverage, the level of 102 

infection and morbidity in hypo-endemic areas relative to meso-endemic areas, the reduction of 103 

life-expectancy due to blindness, and the population growth rate. 104 

a. Treatment coverage 105 

As an expected treatment coverage rate for the period 2013–2045, we used the average 106 

treatment coverage over the period 2010–2012 for APOC countries and the most recent 107 

available data (as of November 2013) for former OCP countries due to the lack of history 108 

data. To incorporate the uncertainty about treatment coverage rates, we assigned a beta 109 

distribution and fitted to the pool of treatment coverage data for projects at country level. 110 

The beta distribution at regional level was fitted to the pool of national average treatment 111 

coverage (S1 Table). The range of treatment coverage was restricted to 60% to 84%, because 112 

at least 60% is required for effective control of the disease and 84% is the maximum 113 

achievable considering 16% of the population is not eligible for CDTi due to ages less than 114 

five years, pregnancy, or severe illness (2).  115 

S1 Table. Summary of treatment coverage and distribution parameters for PSA 116 

Country Average1 Standard deviation 
Beta distribution2 

Alpha Beta 

APOC countries 

Angola 67% 0.11 12.36 5.97 

Burundi 77% 0.04 105.52 31.48 

Cameroon 78% 0.05 62.60 17.72 

Central African  Republic 80% 0.03 167.75 40.98 

Chad 81% 0.00 124,658.19 29,240.81 

Congo 81% 0.02 207.63 47.39 

Democratic Republic of the Congo 71% 0.13 7.47 3.12 

Equatorial Guinea 71% 0.00 292,469.03 119,749.47 

Ethiopia 79% 0.04 77.58 20.87 

Liberia 77% 0.10 13.31 3.89 

Malawi 83% 0.00 5,112.61 1,065.77 

Nigeria 80% 0.04 83.33 21.00 

South Sudan 60% 0.12 8.72 5.78 

Sudan 82% 0.03 167.06 37.92 

Tanzania 81% 0.01 868.01 210.26 
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Uganda 75% 0.11 10.48 3.46 

APOC 76% 0.06 35.04 10.81 

 
Country Latest3 Standard deviation4 

Beta distribution 

Alpha Beta 

Former OCP countries 

Benin 48% 0.05 51.42 55.48 

Burkina Faso 84% 0.08 15.56 3.05 

Côte d’Ivoire 84% 0.08 15.56 3.05 

Ghana 73% 0.07 26.67 10.07 

Guinea 73% 0.07 26.67 10.07 

Guinea-Bissau 73% 0.07 26.67 10.07 

Mali 73% 0.07 26.67 10.07 

Senegal 77% 0.08 21.83 6.37 

Sierra Leone 80% 0.08 18.90 4.64 

Togo 77% 0.08 21.83 6.37 

Former OCP 74% 0.10 13.09 4.58 
1 The average treatment coverage over 2010-2012  
2 Parameters of Beta(α, β) were estimated using a method of moments: 

�̂� = �̅� (
�̅�(1 − �̅�)

�̅�
− 1) , �̂� = (1 − �̅�) (

�̅�(1 − �̅�)

�̅�
− 1), 

 𝑖𝑓 �̅� < �̅�(1 − �̅�), 𝑤ℎ𝑒𝑟𝑒 �̅� 𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛, �̅� 𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 
3A database for the former OCP countries had only the most recent available treatment coverage as of November 2013. 
4 The standard deviation was assumed to be 10% of the treatment coverage. 

 117 

The change of treatment coverage leads to the change of the prevalence of infection and 118 

morbidity, and consequently to the change of the required treatment duration. In the PSA, the 119 

prevalence of severe itching and the required treatment duration varied depending on the 120 

change of treatment coverage based on ONCHOSIM simulation results. There was no 121 

variation in the prevalence of low vision and blindness, because the change of treatment 122 

coverage (60%–84%) was not enough to have an impact on the prevalence of vision 123 

impairment according to ONCHOSIM simulations. 124 

 125 

b. The level of infection and morbidity in hypo-endemic areas relative to meso-endemic 126 

areas 127 

We did not conduct ONCHOSIM simulations for hypo-endemic areas, as ONCHOSIM 128 

predicts that the infection level in hypo-endemic areas is unsustainable without human or 129 

vector migration, and data on human or vector migration were unavailable. Instead, we 130 

assumed that the level of infection and morbidity in hypo-endemic areas is 1/3 relative to that 131 

in meso-endemic areas. To incorporate the uncertainty about this assumption, we applied a 132 

triangular distribution with the lower limit to be 1/10, the upper limit to be 1/2, and the mode 133 

to be 1/3.  134 

 135 

c. Life-expectancy loss per blindness incidence 136 



14 

 

We assumed that blindness causes 8 years of life-expectancy loss (3). To incorporate the 137 

uncertainty about this assumption, we applied a triangular distribution with the lower limit to 138 

be 4, the upper limit to be 12, and the mode to be 8. 139 

 140 

d. Population growth rate 141 

We assigned a normal distribution to each country by fitting to low, medium, and high 142 

population growth rates. The distribution has the medium as the average and half of the 143 

distance between the low and high rates as the standard deviation. Data were available from 144 

the UN database (4). 145 

 146 

2. Health workforce needs 147 

Parameters against which we examined the robustness of the health workforce needs were the ratio 148 

of community volunteers over population, the ratio of community health workers over population, 149 

the possible delay in starting and ending CDTi, and the population growth rate. 150 

 151 

a. The ratio of community volunteers over population 152 

We applied a beta distribution and fitted to available data at country and regional levels. The 153 

ratio of community volunteers over population was available for 67 of total 112 ongoing 154 

projects (as of November 2013) in sub-Saharan Africa from project budget documents 155 

(Y2012). For projects in countries for which data were available, we used the fitted 156 

distribution at country level; for projects in countries with no data, we used the distribution at 157 

regional level which was fitted to available national average ratios among endemic African 158 

countries. The fitted distributions are presented in S2 Table.  159 

S2 Table. Summary of the ratio of community volunteers over population and distribution parameters for 160 
PSA 161 

Country Average 
Standard 

deviation 

Beta distribution1 

Alpha (α) Beta (β) 

Angola 1/257 0.0029 2 429 

Burundi 1/150 0.0005 164 24,462 

Cameroon 1/260 0.0040 1 238 

CAR 1/106 0.0019 25 2,600 

Chad 1/182 0.0011 25 4,500 

Congo 1/251 0.0008 25 6,225 

Equatorial Guinea 1/181 0.0011 25 4,475 

Ethiopia 1/188 0.0003 404 75,638 

Liberia 1/196 0.0028 3 662 

Malawi 1/112 0.0013 44 4,865 

Nigeria 1/265 0.0028 2 472 

South Sudan 1/379 0.0017 3 949 

Tanzania 1/200 0.0010 25 4,950 

Uganda 1/47 0.0155 2 85 

Average 1/154 0.0047 2 294 

1 Parameters of Beta(α, β) were estimated using a method of moments: 
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Country Average 
Standard 

deviation 

Beta distribution1 

Alpha (α) Beta (β) 

�̂� = �̅� (
�̅�(1 − �̅�)

�̅�
− 1) , �̂� = (1 − �̅�) (

�̅�(1 − �̅�)

�̅�
− 1), 

 𝑖𝑓�̅� < �̅�(1 − �̅�), 𝑤ℎ𝑒𝑟𝑒𝑥 ̅𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛, �̅� 𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 

 162 

b. The ratio of community health workers over population 163 

We used the same method for the ratio of community volunteers over population described 164 

above. The ratio of community health workers over population was available for 67 of total 165 

112 ongoing projects (as of November 2013) in sub-Saharan Africa from project budget 166 

documents (Y2012). The fitted distributions are presented in S3 Table.  167 

S3 Table. Summary of the ratio of community health workers over population and distribution 168 
parameters for PSA 169 

Country Average 
Standard 

deviation 

Beta distribution1 

Alpha (α) Beta (β) 

Angola 1/2,458 0.0004 1 2,241 

Burundi 1/4,892 >0.0000 23 114,727 

Cameroon 1/9,068 0.0003 0.2 1,602 

CAR 1/3,501 0.0001 25 87,483 

Chad 1/2,789 0.0001 25 69,676 

Congo 1/2,118 0.0001 25 52,911 

Equatorial Guinea 1/5,082 >0.0000 25 127,009 

Ethiopia 1/14,930 0.0001 1 21,589 

Liberia 1/2,920 0.0001 6 18,393 

Malawi 1/663 0.0006 7 4,688 

Nigeria 1/905 0.0010 1 1,080 

South Sudan 1/6,180 0.0001 4 24,603 

Tanzania 1/3,471 0.0001 25 86,715 

Uganda 1/1,266 0.0002 16 20,812 

Average 1/2,223 0.0004 1 2614 

1 Parameters of Beta(α, β) were estimated using a method of moments: 

�̂� = �̅� (
�̅�(1 − �̅�)

�̅�
− 1) , �̂� = (1 − �̅�) (

�̅�(1 − �̅�)

�̅�
− 1), 

 𝑖𝑓�̅� < �̅�(1 − �̅�), 𝑤ℎ𝑒𝑟𝑒 𝑥 ̅𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛, �̅� 𝑖𝑠 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 

 170 

c. Delay in starting CDTi 171 

We assumed that starting CDTi can be delayed as long as 5 years. We applied a gamma 172 

distribution in which 90% of samples fall into the range of 0 and 5 (S7 Fig). 173 
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S7 Figure. Gamma distribution for the delay in starting and ending CDTi 174 

 175 

d. Delay in ending CDTi 176 

We assumed that ending CDTi can be also delayed as long as 5 years. We applied a gamma 177 

distribution in which 90% of samples fall into the range of 0 and 5 (S7 Figure). 178 

 179 

e. Population growth rate 180 

We used the same method described in the Section 1-d. 181 

 182 

3. Outpatient service costs 183 

Parameters examined to evaluate the robustness of outpatient service costs were outpatient service 184 

cost per visit, the health facility utilization rate, and the number of patients with severe itching and 185 

low vision. 186 

 187 

a. Outpatient service cost per visit 188 

We assumed that country-specific outpatient service costs per visit, available from WHO-189 

CHOICE database (6), would be stable over the entire time horizon (S4 Table). To 190 

incorporate the uncertainty about this parameter, we applied a gamma distribution for each 191 

country assuming the standard deviation to be 20% of the outpatient costs per visit.  192 

 193 

b. Health facility utilization rate 194 

The proxy for health facility utilization rate was the average therapeutic coverage for the first 195 

year of CDTi based on community-based surveys in multiple endemic African countries (7). 196 

We assigned a normal distribution using the mean, 40%, and SD, 15%, from the surveys at 197 

project level. 198 
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c. The number of patients with severe itching and low vision 199 

The number of patients with severe itching and low vision is one of the health impacts results. 200 

The methods to incorporate the uncertainty about this parameter are described in Section 1. 201 

 202 

S4 Table. Outpatient service costs per visit and out-of-pocket payments as percentage of total health 203 

expenditure for endemic African countries 204 

Country Outpatient cost per visit, 2013a 
Out-of-pocket payments as % of 

total health expenditure, 2012b 

Angola $6.93 26.69% 

Benin $1.26 44.26% 

Burkina Faso $1.10 36.36% 

Burundi $0.37 28.27% 

Cameroon $1.90 62.65% 

Central African Rep. $0.76 45.57% 

Chad $1.18 66.43% 

Congo, Dem. Rep. $0.44 32.48% 

Congo, Rep. $3.72 25.07% 

Côte d`Ivoire $1.84 55.83% 

Equatorial Guinea $30.94 43.53% 

Ethiopia $0.62 41.22% 

Gabon $11.46 41.41% 

Ghana $1.26 28.72% 

Guinea $0.96 66.62% 

Guinea-Bissau $0.50 43.18% 

Liberia $0.55 21.22% 

Malawi $0.31 12.58% 

Mali $1.21 60.73% 

Mozambique $0.75 5.04% 

Nigeria $3.92 65.88% 

Senegal $1.58 34.14% 

Sierra Leone $0.77 76.23% 

South Sudanc $2.94 56.70% 

Sudan $2.94 73.68% 

Tanzania $0.92 31.75% 

Togo $1.13 41.08% 

Uganda $1.07 49.33% 

Average (SD) $2.98 ($5.96) 43.45% (18.25%) 

a Data in 2008 local currency from WHO (6); Adjusted for country-specific inflation over 2009–2013 (8) and converted to 

2013 USD using market exchange rate (9); Outpatient visit costs exclude drug and laboratory diagnosis. 

b Data from WHO (10). This excludes transportation costs. 

c Outpatient service cost per visit was estimated before Sudan was divided, so we used the same as that for Sudan. 

 205 

4. Out-of-pocket payments 206 

To examine the robustness of out-of-pocket payments, we included the parameters selected to 207 

examine outpatient service costs (see above), the proportion of total health expenditure incurred as 208 

out-of-pocket payments, and the transportation costs. 209 

 210 

a. Out-of-pocket payments as proportion of total health expenditure 211 

Out-of-pocket payments as proportion of total health expenditure were available for each 212 

country from WHO database (10) (S4 Table). To incorporate the uncertainty about this 213 
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parameter, we applied a gamma distribution for each country assuming the standard deviation 214 

to be 20% of the data.  215 

 216 

b. Transportation costs 217 

Our assumption on transportation costs, 17% of outpatient visit costs, was based on the multi-218 

country survey for 39 countries, available from 2010 World Health Report (11). This survey 219 

shows that the average transportation cost as percentage of outpatient visit costs across 14 220 

sub-Saharan African countries is 17% and the standard deviation is 11%. To incorporate the 221 

uncertainty about this parameter, we applied a gamma distribution assuming the mean is 17% 222 

and the standard deviation to be 11%. 223 

 224 

5. Economic impacts 225 

To examine the robustness of the economic productivity in the PSA, we included GDP per capita, 226 

the employment rate, the proportion of GDP per capita associated with productivity losses due to 227 

severe itching, low vision, and blindness. 228 

 229 

a. GDP per capita (a proxy for income during healthy years) 230 

To incorporate the uncertainty about GDP per capita as an income during healthy years, we 231 

applied a triangular distribution using GDP per capita as the mode, the average minimum 232 

wage among endemic countries as the lower limit, 62% of GDP per capita (S6 Table), and 233 

120% of GDP per capita as the upper limit. 234 

 235 

S6 Table. Minimum wage (local currency, as percentage of GDP per capita) for endemic African countries 236 

Country 
Monthly minimum wage 

(local currency), 2013 

GDP per capita (local 

currency), 2013 

Annual minimum wage, % 

of GDP per capita, 2013 

Angola NA 514,167 NA 

Benin 31,625 436,059 87% 

Burkina Faso 30,684 350,310 100% 

Burundi 3,467 403,336 10% 

Cameroon 28,246 657,666 52% 

Central African Rep. NA NA NA 

Chad 60,000 486,676 100% 

Congo, Dem. Rep. NA 380,514 NA 

Congo, Rep. NA NA NA 

Côte d’Ivoire 60,000 714,986 100% 

Equatorial Guinea 129,035 10,620,820 15% 

Ethiopia  9,168 NA 

Gabon 150,000 5,265,860 34% 

Ghana 142 3,570 48% 

Guinea NA NA NA 

Guinea-Bissau 19,030 288,659 79% 

Liberia NA NA NA 

Malawi 8,242 124,219 80% 

Mali 28,460 394,401 87% 

Mozambique 3,943 18,220 100% 

Nigeria 18,000 468,763 46% 

Senegal 36,244 519,422 84% 
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Sierra Leone 25,000 3,476,985 9% 

South Sudan NA NA NA 

Sudan 425 8,211 62% 

Tanzania 100,000 1,455,332 82% 

Togo  290,997 NA 

Uganda 6,000 1,747,297 4% 

    

Average   62% 

 237 

b. Employment rate 238 

To incorporate the uncertainty about employment rate, we applied a normal distribution for 239 

each country assuming the standard deviation to be 20% of the GDP per capita. 240 

 241 

S5 Table. GDP per capita and employment rate for endemic African countries 242 

Country GDP per capita, 2013a Employment rate, 2013b 

Angola $5,668 65.24% 

Benin $805 72.17% 

Burkina Faso $684 80.81% 

Burundi $267 76.90% 

Cameroon $1,315 67.49% 

Central African Rep. $333 72.72% 

Chad $1,046 66.59% 

Congo, Dem. Rep. $3,172 66.15% 

Congo, Rep. $1,521 66.10% 

Côte d`Ivoire $454 64.61% 

Equatorial Guinea $20,572 79.76% 

Ethiopia $498 78.93% 

Gabon $11,571 48.88% 

Ghana $1,850 66.11% 

Guinea $527 70.70% 

Guinea-Bissau $504 68.10% 

Liberia $454 59.22% 

Malawi $226 76.69% 

Mali $715 60.59% 

Mozambique $593 77.21% 

Nigeria $3,006 51.89% 

Senegal $1,072 68.62% 

Sierra Leone $809 65.15% 

South Sudan $1,045 64.67%c 

Sudan $1,753 45.37% 

Tanzania $695 85.98% 

Togo $636 75.41% 

Uganda $572 74.56% 

Average (SD) $2,234 ($4,252) 68.45% (9.52%) 

a Data from World Bank (12). 

b Adjusted for labor force participation rate, i.e., (1-unemployment rate)*( % of population ages 15 and older that is 

economically active); Unemployment rate from World Bank (13); Labor force participation rate from World Bank (14) 

c Data were missing. We used data for sub-Saharan Africa from World Bank (13,14). 

 243 

c. Productivity loss due to skin itching 244 

We based our assumption about the productivity loss due to skin itching on two surveys in 245 

Ethiopia. One survey shows that intermediate onchocercal skin diseases (OSD) cause the 246 

income loss by 10% and severe OSD, by 16% (15); and another survey shows the income loss 247 

by 25% (16).  The productivity loss due to skin itching  was assumed to be 19% of GDP per 248 

capita, the average of the two studies’ results, 13% (average of 10% and 16%) and 25%. To 249 
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incorporate the uncertainty about this parameter, we applied a triangular distribution in which 250 

the mode is 19%, the lower limit, 10%, and the upper limit, 25%. 251 

 252 

d. Productivity loss due to low vision 253 

We based our assumption about the productivity loss due to low vision, 38% of GDP per 254 

capita, on the survey in Guinea (17). We applied a normal distribution in which the mean is 255 

38% and the standard deviation is 20% of the mean.  256 

 257 

e. Productivity loss due to blindness 258 

We based our assumption about the productivity loss due to blindness, 79% of GDP per 259 

capita, on the survey in Guinea (17). We applied a normal distribution in which the mean is 260 

79% and the standard deviation is 20% of the mean.  261 

 262 

6. Simulations 263 

For the PSA for each result, we ran simulation 500 times by sampling from the described 264 

distributions.  265 
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