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Abbreviations and Definition of Terms 

ATS Alternative Treatment strategy 

ALB Albendazole 

APOC African Programme for Onchocerciasis Control 

a CDTI Annual Community Directed Treatment with Ivermectin 

A-WOL compound Antibiotic effective against Wolbachia 

Bi-CDTI Biannual Community Directed Treatment with Ivermectin 

CDD Community drug distributors 

CDTI Annual Community Directed Treatment with Ivermectin 

CMFL Community Microfilarial Load, measure of intensity of infection of a 
community, calculated as the geometric mean of the number of 
microfilaria/snip in a cohort of >20 year old adults [1].  

CNTD Center for Neglected Tropical Disease 

aCDTM Annual Community directed Treatment with Moxidectin 

bCDTM Biannual Community Directed Treatment with Moxidectin 

DEC Diethylcarbamazine 

DNDi Drug for Neglected Diseases initiative 

DOLF ‘Death to Oncho and LF’, Research project to optimize MDA for 
elimination of LF and onchocerciasis and to study the impact of MDA 
for LF on Soil Transmitted Helminths 

CSA Committee of Sponsoring Agency 

CSA AGE CSA Advisory Group on Elimination 

IEC  Information, Education, Communication 

JAF Joint Action Forum 

IVM Ivermectin 

LF Lymphatic Filariasis 

MDA Mass Drug Administration 

MEC Mectizan Expert Committee 

mf prevalence Prevalence of people with levels of skin microfilariae detectable with 
skin snips (in most studies in Africa, this is determined based on 2 
iliac crest skin snips taken with a 2 mm Holth punch, incubated for 24 
hours in physiological saline for negative skin snips, and examined 
microscopically) 

NGDO Non-governmental Development Organisation 

Nodule prevalence Prevalence of people with palpable nodules 

NTD Neglected Tropical Diseases 
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OCP Onchocerciasis Control Programme in West Africa 

Phase 1a evaluation Assessment of the decline towards the 'elimination breakpoint' via 
the prevalence of people with detectable levels of skin microfilariae 
and comparison of the prevalence with that predicted by ONCHOSIM 
for the applicable pre-endemicity levels and CDTI treatment 
coverage. [2] 

Phase 1b evaluation Confirmation that 'elimination breakpoint' has been reached and 
treatment can be stopped based on determination of the prevalence 
of people with detectable levels of skin microfilariae in survey 
villages along the main rivers and affluents at a distance of no more 
than 20-30 km between villages and vector infectivity rate 
determined in at least 10,000 flies collected throughout a full rainy 
season from a limited number of high risk locations along the 
principal rivers near major breeding sites of the vector. [2] 

Provisional 
thresholds for 
stopping treatment 
('elimination 
breakpoint') 

< 5% prevalence of people with detectable levels of skin microfilariae 
in all surveyed villages AND 
< 1% prevalence of people with detectable levels of skin microfilariae 
in 90% of surveyed villages AND 
< 0.5 infective flies per 1000 flies. [2] 
Provisional thresholds for stopping treatment and initiating post-
treatment surveillance are based on the experiences with cessation 
of Onchocerciasis control in West Africa (vector control in the OCP 
area and CDTI in Senegal and Mali) and the methodology used 
(determination of prevalence of infection with 2 iliac crest skin snips 
obtained with a 2 mm Holth punch, incubated for 30 minutes in 
distilled water and an additional 24 hours in physiological saline for 
negative skin snips, and examined microscopically; pool screening of 
flies with pool size 300) [2,3] 
(it is recognized that these do not represent 'breakpoints' in the 
classical sense) 

RAPLOA Rapid assessment of Loa loa prevalence [4] 
RAPLOA prevalence: prevalence of eye-worm history determined via 
RAPLOA.  

REMO Rapid epidemiological mapping of onchocerciasis [5] 

T&T Test and Treat 

TBS Thick blood smear 

TCC Technical Consultative Committee of APOC 

Transmission zone A geographical area where transmission of O. volvulus occurs by 
locally breeding vectors and which can be regarded as a natural 
ecological and epidemiological unit for interventions [2] 

Tx Cov Treatment coverage, % of population which took ivermectin in a 
given treatment round 
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Year of achieving 
elimination 

Year in which the 3-year period of surveillance following cessation of 
treatment ends and certification of elimination can be requested [2] 

SAE, SAR Serious Adverse Event, Serious Adverse Reaction (i.e. response to a 
drug):  

any untoward medical occurrence that at any dose: 
- results in death, 
- is life-threatening, 
- requires inpatient hospitalisation or prolongation of existing 

hospitalisation, 
- results in persistent or significant disability/incapacity, or 
- is a congenital anomaly/birth defect. 
Important medical events that may not be immediately life-
threatening or result in death or hospitalisation but may jeopardise 
the patient or may require intervention to prevent one of the other 
outcomes listed in the definition above should also usually be 
considered serious. [6] 

WHO World Health Organization 
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1 Introduction 
Elimination of onchocerciasis as a public health problem in Africa. The fight against 
onchocerciasis started in Africa in the 1950s with initial research and pilot programs. 
Significant milestones in this fight included the launch of the Onchocerciasis Control 
Programme in West Africa (OCP) in 1974 [7,8], the registration of ivermectin (Mectizan®) for 
use in onchocerciasis and Merck's decision to donate ivermectin to control onchocerciasis 
for as long as needed in the quantities needed in 1987 [9], and the launch of the African 
Programme for Onchocerciasis Control (APOC) for the countries not included in the OCP 
area in 1995 [10-12].  

At its closure in 2002, OCP had achieved elimination of onchocerciasis as a public health 
problem in the majority of its programme area through larviciding based vector control, 
complemented later on with mass administration of ivermectin [7,8].  

APOC was launched to (i) establish within a period of 12-15 years, effective and sustainable 
community-directed treatment with ivermectin (CDTI) with the aim to eliminate 
onchocerciasis as a disease of public health and socio-economic importance and (ii) 
eradicate the vector in selected and isolated foci. 

By the end of 2013, around 100.7 million people in 132,919 communities were receiving 
ivermectin [13]. In 2014, the number of people receiving ivermectin had increased to 
around 112.5 million people, despite the fact that no treatments occurred in Liberia and 
Sierra Leone, due to the Ebola outbreak [14].  

Onchocerciasis control in Africa faces significant challenges, which range from the large 
number of endemic countries and >100 million people living in meso- or hyperendemic 
areas in the APOC countries [15], via the remoteness of many areas to conflict interrupting 
control programme implementation. Despite these challenges, OCP and APOC have 
eliminated onchocerciasis as a public health problem in the majority of endemic areas in 
Africa preventing morbidity in hundreds of millions of people [16-19] and allowing to 
reclaim fertile lands for agriculture [20,21]. This conclusion is further supported by direct 
evidence obtained through an impact assessment study conducted by APOC [16] and the 
results of modelling studies [17,18,22].  

Shifting the goal post: from elimination of onchocerciasis as a public health problem to 
elimination of onchocerciasis. A study initiated in 2005 in two hyperendemic foci in the 
Bakoye and Faleme foci (in Mali and Senegal) showed that 15-17 years of annual CDTI had 
led to elimination of onchocerciasis infection and interruption of parasite transmission 
[3,23]. Encouraged by these results, the Joint Action Forum (JAF) decided that APOC should 
take on the additional objectives of developing the evidence base to determine when and 
where ivermectin treatment can be stopped, and providing guidance to countries on how to 
prepare for, effect, and evaluate the cessation of treatment [24]. 

In 2010, APOC developed a ‘Conceptual and Operational Framework for Onchocerciasis 
Elimination with Ivermectin Treatment’ [2]. Between 2008 and 2015, 58 CDTI project areas 
underwent the ‘Phase 1a’ epidemiological evaluations (see 'Abbreviations and Definition of 
Terms', page 4) according to this framework [25,26]. In 88% of these areas, progress was as 
or even better than predicted by the ONCHOSIM mathematical model (see section 6), 
supporting the conclusion from the study in Mali and Senegal that annual CDTI can lead to 
interruption of O. volvulus transmission.  
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The report of the 2010 Mid-term Evaluation of APOC submitted to the 16th meeting of the 
Joint Action Forum (JAF16) of APOC in 2010 pointed to mounting evidence that many years 
of annual CDTI may have interrupted parasite transmission in many areas in Africa.1 In 2011, 
the Advisory Group on Elimination to the Committee of Sponsoring Agencies (CSA) of APOC 
conducted a detailed analysis of pre-treatment endemicity, ivermectin treatment history 
and data on progress towards elimination of onchocerciasis infection and interruption of 
transmission in APOC project areas, where available. The results were combined with 
projections from modelling studies to estimate for each APOC project area the year when 
CDTI could be stopped. The group concluded that numerous areas in different countries are 
expected to have achieved elimination by 2015, but that country-wide elimination will not 
be achieved by 2015 in any country. However, if APOC was prolonged to 2020, 23 APOC and 
OCP countries were predicted to be able to stop CDTI in the last onchocerciasis endemic 
focus by 2017 and complete 3 years of post-treatment surveillance, i.e. have achieved 
elimination, by 2020. This gave the impetus for targeting elimination of onchocerciasis in 
APOC as well as OCP countries and inclusion of elimination of onchocerciasis in selected 
countries in Africa by 2020 among the WHO targets for elimination and eradication of 
neglected tropical diseases 2015-2020 [27]. In 2012, the Joint Action Forum of APOC set the 
target at elimination in 80% of African countries by 2025 [28]. 

Accelerating progress towards elimination of onchocerciasis 

Since then additional data have become available which support the hypothesis that annual 
CDTI can eliminate onchocerciasis in large areas of Africa (see above, [14,19,29-32]).  

Further support for the feasibility of elimination comes from mathematical simulation 
models. The modelling results highlight that the efforts required to achieve elimination 
depend strongly on local transmission conditions [33-35]. Scenarios and timelines for 
control, elimination and even eradication of onchocerciasis in Africa have been developed 
[36]. 

Elimination by 2025 requires that the criteria for stopping treatment are met latest in 2022 
to allow for the confirmation of elimination three years later [2]. To achieve elimination of 
onchocerciasis in at least 80% of onchocerciasis endemic African countries by 2025, the 
reduction in transmission has to be accelerated in areas for which currently available data 
suggest that the criteria for stopping CDTI will not be reached by 2022.  

Acceleration of the reduction in transmission can be achieved either by improving the 
implementation of annual CDTI, notably increasing CDTI treatment coverage, or by using 
alternative treatment strategies (ATS) where CDTI cannot be implemented effectively (in 
particular in areas co-endemic for loiasis), or CDTI effectiveness is considered sub-optimal.  

2 Scope of this document 
APOC conducted a series of consultative workshops with national control programme 
managers, representatives of NGDOs and other organisations involved in or supporting 
onchocerciasis control activities, scientists with expertise in different types of ATS currently 
available or under development, and experts in modelling the impact of interventions on O. 
volvulus transmission. The objective was obtain advice on the identification of areas which 

                                                        
1 http://www.who.int/entity/apoc/MidtermEvaluation_29Oct2010_final_printed.pdf 
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require improved implementation of CDTI, areas for which country managers should 
consider ATS, the different types of ATS available and prerequisites for their successful 
implementation. The outcomes of these consultations were reviewed by TCC38 and TCC39 
which strongly endorsed the conclusions. These were included in the 2015 WHO/APOC 
Progress report presented to the last meeting of the JAF.  

This document provides additional details, the results of analyses conducted with the data 
which became available after the consultations and includes references to relevant 
information sources. It is designed to provide countries with the basis for the considerations 
needed to decide where and how to improve onchocerciasis control programmes to 
accelerate progress towards elimination of onchocerciasis.  

3 Identification of areas requiring optimized implementation of CDTI or ATS 
to accelerate progress towards onchocerciasis elimination 

3.1 Characteristics of areas requiring optimized CDTI implementation or ATS 

Data acquired by APOC and the countries on pre-control endemicity levels, CDTI treatment 
history, as well as data on progress towards elimination from Phase 1a and Phase 1b 
epidemiological and entomological evaluations (see Abbreviations and Definition of Terms, 
page 4, where available, were reviewed. The model ONCHOSIM (see section 6) was used to 
estimate the year CDTI could be stopped in each APOC project area if CDTI is continued with 
the treatment coverage reported by the project over the last 3 years.  

Based on this analysis, onchocerciasis endemic areas which require optimized CDTI or 
implementation of ATS to accelerate progress towards elimination, have one or more of the 
characteristics shown in Table 1.  

Table 1 Characteristics of onchocerciasis endemic areas that may require optimized CDTI 
implementation and/or ATS  

Area characteristics 

1. Areas in which CDTI has not yet been initiated or was initiated only in 2014 or 2015 
1a. Hypoendemic areas in which transmission is not dependent on neighbouring meso/ 

hyperendemic areas 
1b. Meso- or hyperendemic areas without CDTI for programmatic or non-programmatic reasons or 

only recently identified as needing treatment 

2. Areas with ongoing CDTI not predicted to achieve elimination by 2025 
2a. Areas with very high vector density and/or pre-control endemicity (Nodule prevalence > 70% 

or CMFL > 70 mf/snip)  
2b. Areas with ≤ 70% nodule prevalence or CMFL ≤ 70 mf/snip not expected by 2025 in view of 

year of start of CDTI and required duration of annual CDTI 
2c. Areas where the average reported therapeutic coverage over the last 3 years is insufficient to 

achieve elimination by 2025 in view of pre-control endemicity, start of CDTI with full 
geographic coverage and required duration of annual CDTI  

2d. Areas in which the Phase 1a and/or Phase 1b epidemiological or entomological surveys 
conducted by APOC and the countries indicate that in at least one area of the transmission 
zone the residual prevalence is higher than needed for elimination to be achieved by 2025. 
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3.2 Areas requiring optimized CDTI implementation or ATS to accelerate 
progress towards elimination 

For each country, onchocerciasis endemic areas meeting at least one of these characteristics 
are listed in Table 2. Table 3 provides an estimate of the 2015 population in these areas. It is 
important to note that both tables reflect current data and need to be updated as additional 
data become available. 

Table 2 Projects/areas not included in CDTI or with ongoing CDTI but unlikely to achieve 
elimination by 2025 without optimized CDTI or ATS 

Country Project/ District 
Name 1 

Population 
2015 

 Area classification as per Table 12 

Areas in which CDTI has not yet been initiated or with ongoing annual CDTI 
Angola P5Angola 267,844 1a* Untreated hypoendemic area* 
Angola NY Benguela 116,100 1b Untreated meso/hyperendemic area 
Angola Uige 193,601 1b Untreated meso/hyperendemic area 
Cameroon P20Cameroon 166,364 1b* Untreated meso/hyperendemic area* 
Cameroon Western 1,809,161 2a Very high endemicity level 
Cameroon Littoral 1 309,898 2c Insufficient treatment coverage  
Cameroon Centre 1 472,128 2d Inadequate progress to elimination 
Cameroon Littoral 2 165,320 2d Inadequate progress to elimination 
CAR P5CAR 146,273 1a* Untreated hypoendemic area* 
CAR P20CAR 64,396 1b* Untreated meso/hyperendemic area* 
CAR Region 5 509,165 2b Treatment end date > 2022 
CAR Region 6 East 391,772 2b Treatment end date > 2022 
Congo P20Congo 39,901 1b* Untreated meso/hyperendemic area* 
Cote d`Ivoire Cavaly Upper Nzo 237,793 2d Inadequate progress to elimination 
DRC P5DRC 7,755,918 1a* Untreated hypoendemic area* 
DRC P20DRC 2,439,010 1b* Untreated meso/hyperendemic area* 
DRC NY Lualaba 1,019,358 1b Untreated meso/hyperendemic area 
DRC NY Masisi-Walikale 56,585 1b Untreated meso/hyperendemic area 
DRC NY Rutshuru-

Ngoma 
8,808 1b Untreated meso/hyperendemic area 

DRC NY Sankuru 486,324 1b Untreated meso/hyperendemic area 
DRC NY Ueles 165,447 1b Untreated meso/hyperendemic area 
DRC Ituri-Nord 1,300,848 2a Very high endemicity level 
DRC Ituri-Sud 1,189,112 2a Very high endemicity level 
DRC Katanga-Nord 649,132 2a Very high endemicity level 
DRC Katanga-Sud 719,004 2a Very high endemicity level 
DRC Masisi-Walikale 1,085,812 2a Very high endemicity level 
DRC Mongala 1,509,864 2a Very high endemicity level 
DRC Tshopo 1,652,750 2a Very high endemicity level 
DRC Ubangi-Nord 829,146 2a Very high endemicity level 
DRC Ueles 1,631,034 2a Very high endemicity level 
DRC Lualaba 233,221 2b Treatment end date > 2022 
DRC Bas-Congo 

Kinshasa 
1,556,831 2c Insufficient treatment coverage  

DRC Butembo-Beni 967,353 2c Insufficient treatment coverage  
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Country Project/ District 
Name 1 

Population 
2015 

 Area classification as per Table 12 

DRC Lubutu 346,439 2c Insufficient treatment coverage  
DRC Tshuapa 1,472,510 2c Insufficient treatment coverage  
DRC Ubangi-Sud 1,398,580 2c Insufficient treatment coverage  
DRC Sankuru 1,106,393 2d Inadequate progress to elimination 
Gabon P5Gabon 85,916 1a* Untreated hypoendemic area* 
Nigeria Cross River 1,383,685 2d Inadequate progress to elimination 
Nigeria Kogi 1,977,483 2d Inadequate progress to elimination 
South Sudan P5SouthSudan 832,477 1a* Untreated hypoendemic area* 
South Sudan P20SouthSudan 30,243 1b* Untreated meso/hyperendemic area* 
South Sudan West Bahr El 

Ghazal 
3,255,512 2c Insufficient treatment coverage  

South Sudan West Equatoria 767,891 2c Insufficient treatment coverage  
Tanzania Morogoro 361,040 2d Inadequate progress to elimination 
Uganda Phase 3 (Rukungiri, 

Nebbi, Arua, 
Mbarara) 

1,564,433 2a Very high endemicity level 

Areas with ongoing biannual CDTI 
Ethiopia Kamashi 496,800 1b Untreated meso/hyperendemic area 
Uganda Phase 5 (Pader, 

Kitgum, Lamwo) 
570,199 2b Treatment end date > 2022 

* Areas for which epidemiological surveys are needed to confirm that these areas are currently endemic for 
onchocerciasis and not covered by CDTi before decisions on any onchocerciasis control strategy to be 
implemented. 
1 P5: areas with a kriging predicted prevalence of 5-20% not currently covered by CDTI    
1 20: areas with a kriging predicted prevalence of >20% not currently covered by CDTI  
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 
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Table 3 Population in 2015 in areas currently not included in CDTI or with ongoing CDTI but 
unlikely to achieve elimination by 2025 without optimized CDTI or ATS 

1a*  
Untreated 
hypoendemic 
areas 

1b  
Untreated 
meso/hyper 
endemic areas 

1b* 
Untreated 
meso/hyper 
endemic 
areas2 

2a 
Very high 
endemicity 
level 

2b 
Treatment 
end date 
>2022 

2c 
Insufficient 
treatment 
coverage 

2d  
Inadequate 
progress to 
elimination 

Total 

Angola 267,844 309,701 577,545 

Cameroon 166,364 1,809,161 309,898 637,448 2,922,870 

CAR 146,273 64,396 900,937 1,111,606 

Congo 39,901 39,901 

Cote d`Ivoire 237,793 237,793 

DRC 7,755,918 1,736,522 2,439,010 10,566,701 233,221 5,741,713 1,106,393 29,579,478 

Ethiopia 496,800 496,800 

Gabon 85,916 85,916 

Nigeria 3,361,167 3,361,167 

South Sudan 832,477 30,243 4,023,403 4,886,123 

Tanzania 361,040 361,040 

Uganda 1,564,433 570,199 2,134,632 

Total 9,088,426 2,543,022 2,739,915 13,940,295 1,704,357 10,075,014 5,703,842 45,794,870 
* Areas for which epidemiological surveys are needed to confirm that these areas are currently endemic for 
onchocerciasis and not covered by CDTI before decisions on the onchocerciasis control strategy to be 
implemented. 
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 

 

3.3 Areas requiring special considerations 

3.3.1 Hypoendemic areas excluded from CDTI when APOC pursued elimination of 
onchocerciasis as a public health problem 

When APOC was launched, CDTI treatment areas were delineated to ensure that all areas 
with significant risk of onchocercal disease, i.e. with > 20% prevalence of nodules in adult 
males, are included in CDTI. To achieve the new objective of elimination of onchocerciasis 
transmission, control programmes now need to cover all areas with sustained local 
transmission.  

3.3.1.1 APOC guidance on revising ivermectin treatment boundaries 

In March 2012, APOC brought together national onchocerciasis and lymphatic filariasis 
control programme coordinators from 10 APOC countries, onchocerciasis experts and public 
health officials to discuss methods for identifying areas not included in CDTI which need 
interventions to achieve onchocerciasis elimination. Following discussions of the resulting 
recommendations with the TCC in September 2012, APOC provided guidance on how to 
assess the need for implementation of onchocerciasis control in those areas where the 
nodule prevalence was <20% during the initial REMO surveys, and which are not included in 
ongoing CDTI projects: the 'APOC Guidelines for revising ivermectin treatment boundaries 
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within the context of onchocerciasis elimination'. They are provided as an Annex to this 
report.  

3.3.1.2 Results of surveys of hypoendemic areas to assess their need for treatment 

APOC identified 14 countries in which the need for treatment in areas classified as 
hypoendemic during the initial REMO needed to be evaluated. APOC initiated these 
evaluations between 2013 and 2015 in all countries other than Mozambique. 

Table 4 shows the results of the epidemiological evaluation via skin snips conducted in 13 
different areas categorized as hypo-endemic based on the original rapid epidemiological 
mapping (REMO) [5,15] and not included in CDTI.  

In 9 of these areas, prevalence was too low to justify the assumption that the infections are 
due to local transmission requiring onchocerciasis control in these areas. In one area, the 
prevalence was significantly higher than the available REMO data had suggested.  

3.3.1.3 Conclusions for decisions on need of interventions in areas characterized as 
hypoendemic based on the initial REMO 

The analysis of the evaluation data resulted in the conclusion that current infection 
prevalence may be significantly higher than the original REMO surveys suggested or may be 
substantially lower, possibly due to the impact of CDTI on transmission in neighbouring 
areas.  

An example is provided in Figure 1 which shows the results of the surveys in Burundi. They 
are superimposed on the contour map of pre-control nodule prevalence and the CDTI 
treatment areas. Even in areas in which pre-control nodule prevalence was >10% and which 
were not included in CDTI, the proportion of people with detectable levels of skin 
microfilariae was now zero. 

Consequently, decisions on whether or not to initiate control activities in areas considered 
hypoendemic based on the initial REMO surveys should always be informed by new 
epidemiological evaluations.  
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Table 4 Results of epidemiological evaluation of hypoendemic areas to assess current O. volvulus infection prevalence 

 Villages 
surveyed 

Persons 
examined 

Number mf 
positive 

Percentage 
mf positive 

Probability that 
area prevalence 
exceeds 1.4% 

Probability that maximum 
sample stratum prevalence 
exceeds 5% 

Conclusion  

Burundi and 
neighbouring areas in 
Tanzania and DRC 

48 10,912 7 0.1 0.00 0.05 No treatment needed 

Chad 32 9,416 1 0.0 0.00 0.00 No treatment needed 

Congo North 15 1,171 1 0.1 0.00 0.01 No treatment needed 

Equatorial Guinea 66 3,285 0 0.0 0.00 0.00 No treatment needed 

Ethiopia North 10 1,709 0 0.0 0.00 0.00 No treatment needed 

Ethiopia Gurage Shewa 16 2,723 4 0.1 0.00 0.03 No treatment needed 

Ethiopia Gojam 15 2,886 7 0.2 0.00 0.02 No treatment needed 

Ethiopia South 32 4,680 0 0.0 0.00 0.05 No treatment needed 

DRC/Congo Bas Congo 12 1,357 7 0.5 0.00 0.36 No treatment needed 

Cameroon South 31 5,469 108 2.0 1.00 1.00 Borderline. Follow-up 
surveillance  

DRC Bandudu 11 1,630 103 6.3 1.00 1.00 Include in Bandudu 
CDTi project 

Gabon  87 6,653 629 9.5 1.00 1.00 Treatment needed 

Angola centre 29 5,733 757 13.2 1.00 1.00 Treatment needed 
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Figure 1: Contour map of pre-control prevalence of nodules, areas covered by CDTI and results of 
epidemiological surveys conducted to assess the need for interventions in hypoendemic 
areas in Burundi 

 

3.3.1.4 Methods for assessing prevalence of infection in hypoendemic areas  

The 'APOC Guidelines for revising ivermectin treatment boundaries within the context of 
onchocerciasis elimination' recommend that two skin biopsies (skin snips, one from each 
iliac crest) are used to assess the prevalence of patent infections.  

Information on other methods to assess the prevalence of infection is provided in section 
4.4.5. Decisions on which method to use and in which population to use it, need to take into 
account the prior ivermectin treatment history and the objectives of the evaluation (post 
treatment surveillance or identification of areas to be treated). 

3.3.2 Loa loa co-endemic areas 

In Loa loa co-endemic areas, both the level of onchocerciasis and the level of loiasis 
endemicity need to be taken into account for decisions on the onchocerciasis control 
strategy to be implemented. CDTI is justified only where onchocerciasis is meso- or 
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hyperendemic due to the risk of serious adverse reactions to ivermectin in those with high 
intensity of infection with Loa loa [4,37-39]. The precautions to be taken for implementation 
of ivermectin treatment in loiasis co-endemic areas depend on the level of loiasis 
endemicity. The Technical Consultative Committee (TCC) of APOC and the Mectizan Expert 
Committee (MEC) have specified two different strategies to be employed: strategy 1 for 
areas with RAPLOA prevalence is ≥40 % (Loa loa microfilaria prevalence ≥20%) and strategy 
2 for areas with RAPLOA prevalence <40% ((Loa loa microfilaria prevalence ≥20%) [4,38,39]. 
The TCC and MEC recommendations are provided as an Annex to this report. 

 

Table 5 and Table 6 extract from the areas shown in Table 2 and Table 3 those areas where 
the krigging analysis predicted maximum RAPLOA prevalence is ≥40% [4]. Table 7 and Table 
8 extract from the areas shown in Table 2 and Table 3 those areas where loiasis is endemic, 
but where the krigging analysis predicted maximum RAPLOA prevalence is <40% [4].  

Prior to decisions on what strategy to implement, the data obtained during the RAPLOA 
surveys should be consulted.  The Mectizan Donation Programme and the MEC require data 
on loiasis prevalence and details on the treatment strategy to be implemented for approval 
of ivermectin provision. 

Table 5 Projects/areas with krigging analysis predicted RAPLOA prevalence ≥40% unlikely to 
achieve elimination by 2025 without optimized CDTI or ATS 

 Project/ District 
Name 1 

Population 
2015 

 Area classification as per Table 12 

Areas in which CDTI has not yet been initiated or was initiated only in 2014 or 2015 
Angola P5Angola 267,844 1a* Untreated hypoendemic area* 
Angola Uige 193,601 1b Untreated meso/hyperendemic area 
Cameroon P20Cameroon 166,364 1b* Untreated meso/hyperendemic area* 
CAR P5CAR 146,273 1a* Untreated hypoendemic area* 
CAR P20CAR 64,396 1b* Untreated meso/hyperendemic area* 
DRC P5DRC 7,755,918 1a* Untreated hypoendemic area* 
DRC NY Ueles 165,447 1b Untreated meso/hyperendemic area 
DRC P20DRC 2,439,010 1b* Untreated meso/hyperendemic area* 
Gabon P5Gabon 85,916 1a* Untreated hypoendemic area* 
South Sudan P5SouthSudan 832,477 1a* Untreated hypoendemic area* 
South Sudan P20SouthSudan 30,243 1b* Untreated meso/hyperendemic area* 
Areas with CDTI initiated before 2014 which require optimized CDTI or ATS to accelerate progress towards 
elimination 
Cameroon Western 1,809,161 2a Very high endemicity level 
Cameroon Littoral 1 309,898 2c Insufficient treatment coverage  
Cameroon Centre 1 472,128 2d Inadequate progress to elimination 
Cameroon Littoral 2 165,320 2d Inadequate progress to elimination 
CAR Region 6 East 391,772 2b Treatment end date > 2022 
DRC Ituri-Sud 1,189,112 2a Very high endemicity level 
DRC Masisi-Walikale 1,085,812 2a Very high endemicity level 



 Page 17 of 55                                                                  WHO/MG/15.20 

 Project/ District 
Name 1 

Population 
2015 

 Area classification as per Table 12 

DRC Mongala 1,509,864 2a Very high endemicity level 
DRC Tshopo 1,652,750 2a Very high endemicity level 
DRC Ubangi-Nord 829,146 2a Very high endemicity level 
DRC Ueles 1,631,034 2a Very high endemicity level 
DRC Bas-Congo Kinshasa 1,556,831 2c Insufficient treatment coverage  
DRC Lubutu 346,439 2c Insufficient treatment coverage  
DRC Ubangi-Sud 1,398,580 2c Insufficient treatment coverage  
DRC Sankuru 1,106,393 2d Inadequate progress to elimination 
South Sudan West Equatoria 767,891 2c Insufficient treatment coverage  
* Areas for which epidemiological surveys are needed to confirm that these areas are currently endemic for 
onchocerciasis and not covered by CDTi before decisions on any onchocerciasis control strategy to be 
implemented. 
1 P5: areas with a kriging predicted prevalence of 5-20% not currently covered by CDTI 
1 P20: areas with a kriging predicted prevalence of >20% not currently covered by CDTI 
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 

 

Table 6 Population in 2015 in projects/areas with krigging predicted RAPLOA prevalence ≥40% 

 1a*  
Untreated 
hypo-
endemic 
areas 

1b  
Untreated 
meso/hyper 
endemic 
areas 

1b* 
Untreated 
meso/hyper 
endemic 
areas2 

2a 
Very high 
endemicity 
level 

2b 
Treatment 
end date  
> 2022 

2c 
Insufficient 
treatment 
coverage 

2d  
Inadequate 
progress to 
elimination 

Total 

Angola 267,844 193,601 461,444 

Cameroon 166,364 1,809,161 309,898 637,448 2,922,870 

CAR 146,273 64,396 391,772 602,441 

DRC 7,755,918 165,447 2,439,010 7,897,718 3,301,850 1,106,393 22,666,335 

Gabon 85,916 85,916 

South Sudan 832,477 30,243 767,891 1,630,611 

Total 9,088,426 359,048 2,700,014 9,706,879 391,772 4,379,638 1,743,841 28,369,617 
* Potential ATS areas for which epidemiological surveys are needed to confirm that these areas are currently 
endemic for onchocerciasis and not covered by CDTi before decisions on any onchocerciasis control strategy to 
be implemented. 
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 

  



 Page 18 of 55                                                                  WHO/MG/15.20 

Table 7 Projects/areas with krigging analysis predicted maximum RAPLOA prevalence <40% 
unlikely to achieve elimination by 2025 without optimized CDTI or ATS 

 Project/ District 
Name 1,3 

Population 
2015 

 Area classification as per Table 12 

Areas in which CDTI has not yet been initiated or was initiated only in 2014 or 2015 
Congo P20Congo 39,901  1b* Untreated meso/hyperendemic area* 
DRC NY Lualaba 1,019,358  1b Untreated meso/hyperendemic area 
DRC NY Masisi-Walikale 56,585  1b Untreated meso/hyperendemic area 
DRC NY Rutshuru-Goma 8,808  1b Untreated meso/hyperendemic area 
DRC NY Sankuru 486,324  1b Untreated meso/hyperendemic area 
Areas with CDTI initiated before 2014 which require optimized CDTI or ATS to accelerate progress towards 
elimination 
CAR Region 5 509,165  2b Treatment end date > 2022 
DRC Ituri-Nord 1,300,848  2a Very high endemicity level 
DRC Katanga-Nord 649,132  2a Very high endemicity level 
DRC Katanga-Sud 719,004  2a Very high endemicity level 
DRC Lualaba 233,221  2b Treatment end date > 2022 
DRC Butembo-Beni 967,353  2c Insufficient treatment coverage  
DRC Tshuapa 1,472,510  2c Insufficient treatment coverage  
Nigeria Cross River 1,383,685  2d Inadequate progress to elimination 
Nigeria Kogi 1,977,483  2d Inadequate progress to elimination 
South Sudan West Bahr El Ghazal 3,255,512  2c Insufficient treatment coverage  
Uganda Phase 3 1,564,433  2a Very high endemicity level 
Uganda Phase 5 570,199  2b Treatment end date > 2022 
* Areas for which epidemiological surveys are needed to confirm that these areas are currently endemic for 
onchocerciasis and not covered by CDTi before decisions on any onchocerciasis control strategy to be 
implemented. 
1 P5: areas with a kriging predicted prevalence of 5-20% not currently covered by CDTI 
1 P20: areas with a kriging predicted prevalence of >20% not currently covered by CDTI 
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 
3 Since this table is based on krigging analysis predicted maximum Loa loa prevalence, areas included here may 
be areas without history of eye-worm detected during the RAPLOA surveys [4] 
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Table 8 Population in 2015 in projects/areas with krigging analysis predicted maximum RAPLOA 
prevalence <40% unlikely to achieve elimination by 2025 without optimized CDTI or ATS 

 1a*  
Untreated 
hypoendemic 
areas 

1b  
Untreated 
meso/hyper 
endemic 
areas 

1b* 
Untreated 
meso/hyper 
endemic 
areas2 

2a 
Very high 
endemicity 
level 

2b 
Treatment 
end date  
> 2022 

2c 
Insufficient 
treatment 
coverage 

2d  
Inadequate 
progress to 
elimination 

Total 

Angola  116,100     116,100 

CAR    509,165   509,165 

Congo   39,901     39,901 

DRC  1,571,075 2,668,983 233,221 2,439,864  6,913,143 

Ethiopia  496,800     496,800 

Nigeria      3,361,167 3,361,167 

South Sudan     3,255,512  3,255,512 

Uganda   1,564,433 570,199   2,134,632 

 0 2,183,975 39,901 4,233,416 1,312,585 5,695,376 3,361,167 16,826,420 
* Areas for which epidemiological surveys are needed to confirm that these areas are currently endemic for 
onchocerciasis and not covered by CDTi before decisions on any onchocerciasis control strategy to be 
implemented. 
2 'Untreated meso/hyperendemic area' - includes areas in which CDTI was initiated only in 2014 or 2015 
3 Since this table is based on krigging analysis predicted maximum Loa loa prevalence, areas included here may 
be areas without history of eye-worm detected during the RAPLOA surveys. [4] 

 

4 Options and considerations for accelerating progress towards elimination 
This chapter presents the options available to accelerate progress towards elimination 
including their rationale and different facts countries need to consider before deciding on 
which strategy to adopt.   

Numerous studies and APOC evaluations show that various strategies have resulted or may 
result in elimination. These strategies include annual CDTI [3,13,14,23,25,29-32,40], annual 
CDTI followed by biannual CDTI [41,42], and vector elimination alone or in combination with 
ivermectin treatment [43-45]. Disappearance of onchocerciasis without any intervention has 
also been reported [46]. In other areas, elimination was not achieved in spite of 15-20 years 
of annual CDTI [47-50].  

These empirical data are insufficient to understand where well implemented annual CDTI 
will be sufficient and where additional interventions are required to achieve elimination. 
They also do not provide evidence for the relative effectiveness of various intervention 
strategies in reducing infection prevalence. Field studies which compare the impact of 
different strategies or a particular factor of a given strategy (e.g. treatment coverage) on the 
time to elimination, when all other factors impacting this time are equal (e.g. pre-control 
endemicity, distribution of villages relative to vector breeding sites, productivity of breeding 
sites, …), are obviously not feasible.  

In the absence of such data, mathematical models are a useful tool to systematically 
compare the effectiveness of different types of interventions for a range of different 
settings, and to help inform the most effective strategy for a given setting (for more 
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information see section 6). In this report, the rationale for a particular strategy is therefore 
frequently based on the findings from modelling.  

Modelling inputs for this report have been provided by two onchocerciasis modelling groups, 
employing two conceptually different, but well established models: ONCHOSIM and 
EPIONCHO. The two groups now collaborate within the NTD Modelling Consortium 
(www.ntdmodelling.org). Due to the differences between the two models, the impact of 
onchocerciasis control interventions is described in different terms: 

 ONCHOSIM provides an estimate of (a) the number of years and (b) the number of 
ivermectin treatment rounds to reach elimination (with 99% probability).  

 EPIONCHO results included in this report are provided as estimates of  
(a) the microfilarial prevalence in those aged ≥5 years after 12 years of intervention 
and 3 years of post-intervention surveillance (i.e. 15 years in total), and  
(b) the percentage increase in effectiveness (based on the projected microfilarial 
prevalence) of the ATS evaluated relative to the effectiveness of annual CDTI.  

The modelling data presented in this document are either drawn from previously published 
work or from simulations conducted specifically for the APOC consultations on ATS and yet 
to be published.  

The following needs to be taken into account for decisions to implement ATS based on the 
modelling results presented:  

 The modelling predictions presented in absolute terms (e.g. the required duration of 
interventions or the expected infection prevalence at a certain point in time) should 
be interpreted with caution, because of the uncertainties that are inherent to 
modelling.  

 Because the outcomes of the two models are presented in different terms, they are 
not directly comparable. The outputs of both models do, however, demonstrate the 
direction and relative magnitude of differences between the impact of the different 
strategies on progress towards elimination of onchocerciasis.  

Section 6 provides additional information about the role modelling in support of 
onchocerciasis control and elimination, the two models, and a more detailed discussion of 
the interpretation of model predictions, agreement between the two models and remaining 
uncertainties.  

4.1 Optimization of annual CDTI implementation 

4.1.1 Rationale 

Implementation of the ATS presented in section 4.2 - 4.4 poses more operational challenges 
than annual CDTI, requires the availability of the necessary human, financial and material 
resources. It cannot be achieved without an even stronger commitment from all levels of 
the health system, NGDOs and communities than required for annual CDTI.  

Consequently, where the analysis of pre-control endemicity, CDTI history and, if available, 
the results of epidemiological evaluations suggest that progress towards elimination has 
been suboptimal due to poor CDTI implementation, optimization of CDTI implementation 
should be the first step to accelerating progress towards elimination. Programmes which 
cannot successfully implement annual CDTI, cannot be expected to successfully implement 
any of the ATS. 
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This is true not only for the implementation of complementary vector control (see section 
4.3) and of a 'Test and Treat' strategy (see section 4.4), but also for implementation of 
biannual CDTI (see section 4.2).  

In view of this, TCC recommended that countries should prioritize optimal implementation 
of CDTI [51].  

The impact of increasing annual CDTI treatment coverage to the APOC recommended 80% 
on time to elimination has been compared with the impact of increasing CDTI frequency 
with continuing treatment coverage of <80% using both ONCHOSIM and EPIONCHO. Both 
models predict that increasing treatment coverage during annual CDTI reduces years to 
elimination to an extent that is generally similar to that achieved by switching to biannual 
CDTI without improving treatment coverage [33,52]. Based on the experience in Ghana, the 
in-country costs/year for biannual treatment are approximately 50%-60% higher than those 
for annual treatment [53]. Since the number of years to elimination is significantly lower 
with biannual compared to annual CDTI, the total cost to elimination, however, was 
estimated to be similar for the two strategies [54]. 

For two levels of hyperendemicity, Table 9 and Table 10 show ONCHOSIM and EPIONCHO 
predictions on the impact of switching from annual CDTI at 65% coverage to either annual 
CDTI at 80% coverage, biannual CDTI at 65% coverage or biannual CDTI coverage at 80% 
coverage.  

Table 9 Number of years and ivermectin treatment rounds to elimination with annual and 
biannual CDTI with different treatment coverage initiated after 5 years of annual CDTI 
with 65% treatment coverage (ONCHOSIM predictions) 

Pre-control endemicity Reference: 
continue  

New strategy initiated after 
5 years of a CDTI with 65% 
Tx cov 

Parameter a CDTI 
Tx cov: 65% 

a CDTI 
Tx cov: 
80% 

Bi CDTI 
Tx cov: 
65% 

Bi CDTI 
Tx cov: 
80% 

Hyperendemic area with mf prevalence in ≥5 yrs old population: 70%, CMFL: 16 mf/skin snip 
Number of years to elimination after strategy switch 7 5 4 3 
Number of CDTI rounds to elimination after strategy switch 7 5 8 6 
Very hyperendemic area with mf prevalence ≥5 yrs old population:  87%, CMFL: 56 mf/skin snip 
Number of years to elimination after strategy switch 22 17 13.5 12 
Number of CDTI rounds to elimination after strategy switch 22 17 27 24 
a CDTI - annual CDTI, Bi CDTI - biannual CDTI, Tx cov - treatment coverage 
Model assumptions: a) Percentage of systematic non-compliers (i.e. % of people who consistently do not 
participate in CDTI): 5%, b) % reduction in reproductive capacity of female macrofilariae per round of 
treatment: 35% 
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Table 10 Predicted microfilarial prevalence in ≥5-year old population after 12 years of 
intervention plus 3 years of surveillance and the percentage increase in effectiveness of 
annual CDTI at 80% coverage or biannual CDTI at the 65% or 80% coverage compared to 
continuing annual CDTI at 65% coverage (EPIONCHO predictions) 

Pre-control endemicity Reference: 
continue 

New strategy initiated after 
5 years of a CDTI with 65% 
Tx cov 

Parameter a CDTI 
Tx cov: 65% 

a CDTI 
Tx cov: 
80% 

Bi CDTI 
Tx cov: 
65% 

Bi CDTI 
Tx cov: 
80% 

Hyperendemic area with mf prevalence ≥5-yr old population: 70%, CMFL: 15 mf/skin snip 
Microfilarial prevalence in ≥5-yr old population after 15 years* 14.6% 9.5% 7.8% 6.4% 
Percentage increase in effectiveness* NA 34.7% 46.7% 56.2% 
Very hyperendemic area with mf prevalence ≥5-yr old population: 87%, CMFL: 53 mf/skin snip 
Microfilarial prevalence in ≥5-yr old population after 15 years* 48.7% 42.0% 35.7% 31.8% 

Percentage increase in effectiveness*  NA 13.9% 26.9% 34.7% 

a CDTI - annual CDTI, Bi CDTI - biannual CDTI, Tx cov - treatment coverage, NA - not applicable 
Model assumptions:  a) Percentage of systematic non-compliers (i.e. % of people who consistently do not 
participate in CDTI): 5%, b) % reduction in reproductive capacity of female macrofilariae per round of 
treatment: 35%. * effectiveness is calculated relative to microfilarial prevalence after 12 years of annual CDTI 
at 65% coverage plus 3 years of surveillance (i.e. 15 years in total). 

 

The relative advantage of annual CDTI with APOC recommended 80% treatment coverage 
relative to biannual CDTI with low treatment coverage also applies in areas without prior 
CDTI. A possible exception are the rare areas where pre-treatment prevalence exceeds 90% 
[35]. 

Both models support the TCC recommendation that optimization of CDTI implementation 
should be the first step to accelerating progress towards elimination. In areas in which CDTI 
cannot be successfully implemented, it cannot be expected that the much more demanding 
ATS can be effectively implemented. 

4.1.2 Optimization of the CDTI process 

The key elements of CDTI implementation should be reviewed and improved, including 

 the strength of the health system,  
 the human and financial resources assigned to CDTI,  
 the performance of programme management (including drug ordering and 

distribution system),  
 the quality of the partnership between the health system, NGDOs and the 

communities,  
 the training of health care workers and community drug distributors (CDDs),  
 the suitability of the Information, Education and Communication (IEC) materials,  
 the community mobilization and ownership,  
 the CDD motivation, work overload and attrition,  
 the self-monitoring of CDTI by the communities and  
 the monitoring by programme management.  
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Appropriate feedback should be provided to the communities. Quality of reporting at all 
levels – from the CDD via the district to the country levels - should be strengthened to 
ensure that coverage data reported reflect the actual achievements. The development of 
simple reporting tools should be prioritized to allow the CDDs and frontline health workers 
to generate reports in a timely manner so that measures to improve performance can be 
implemented in time for the next treatment round.  

The training material developed by APOC for faculties of medicine and health sciences 
[55,56] should be used by programme managers at the national and district level when 
preparing plans for optimizing programme performance. The advice on improvement of 
CDTI performance provided by TCC to each annual report for each APOC project area 
provides further guidance on actions to be taken by the national control programmes and 
the project coordinators.  

Since multiple reasons may contribute to persistent high prevalence and intensity of 
infection, a thorough analysis of all performance determining parameters of each project 
may be required. The benefit of such an analysis was recently demonstrated: APOC 
requested a team of experts in Nigeria and Cameroon to conduct such a thorough analysis 
for each underperforming project to identify the reasons for persistent high prevalence and 
make recommendations on how to accelerate progress towards elimination. In both 
countries, the evaluation teams concluded that numerous elements of the CDTI process 
have to be improved from the national to the community level.  

4.1.3 Optimizing community mobilization and ownership 

The success of CDTI depends on the investment made by the country and project teams to 
engage communities in all aspects of the project. Community awareness, conducted 
through community-level gatherings and use of local structures (such as religious groupings, 
women's groups, youth groups) is a critical step in informing the communities about the 
project and facilitating the selection of CDDs to be involved in the project.  

The ownership of CDTI by the community is assessed by the involvement of the community 
members in mobilization as well as initiation of activities (collection of ivermectin and other 
commodities at the health center), selection of CDDs and incentivizing of the CDDs.  

A critical element of ownership introduced in the course of implementing CDTI is 
Community Self-Monitoring (CSM). In many instances community mobilization and 
implementation of CSM was found to be insufficient.  

Studies conducted on factors that influence community involvement have established that 
conducting programmes without supporting the growth of CDDs and reinforcing education 
of communities could lead to a decrease in treatment coverage [57]. CDD attrition has been 
associated to the inability of communities to compensate them.  

Any revision of the treatment schedule should be communicated to and agreed upon with 
the communities since it has implications on the timing and workload for the various 
community level structures involved in CDTI.  

The concerns raised by TCC on review of the annual reports by projects submitted to APOC 
and TCC and the TCC recommendations on how to optimize community mobilization and 
ownership should be consulted by the countries and programme teams. APOC has provided 
guidance on community self-monitoring [58]. 
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4.1.4 Addressing systematic-noncompliance 

In a study including 8480 villagers from 101 villages in Cameroon and Nigeria which had 
undergone 8 years of CDTI, the percentage of those who had never, only once or only twice 
taken ivermectin were 5.9%, 8.5% and 12.3%, respectively [59].  

Efforts to optimize treatment coverage need to include identification and motivation of 
those people who have been 'systematic non-compliers' (i.e. people who consistently did 
not participate in CDTI in the past) as well as those who participated rarely in CDTI. The 
percentage of systematic non-compliers has a pronounced impact on the effectiveness of 
CDTI and the time to (and, depending on the magnitude of systematic non-compliance, the 
feasibility of) elimination [22,34,35,54].  

Table 11 compares the impact of the percentage of systematic non-compliers on the 
effectiveness of various CDTI strategies as modelled by EPIONCHO.  

A number of studies have examined factors impacting compliance with CDTI (e.g. [59-68]). 
As CDTI reduces the percentage of those suffering from symptoms, the health benefits 
recognized [69,70] will decrease. This may increase the percentage of systematic non-
compliers. The approach to community mobilization thus needs to be adapted to the 
specific epidemiological situation of a community. Operational research, informed by prior 
experience [59-68,71-79] may have to be conducted to understand the reasons for low 
population participation so that appropriate strategies can be developed to increase 
therapeutic coverage.  

Where applicable, special strategies need to be developed and resourced for migratory 
populations and internally displaced populations. These could include mobile teams and 
outreach approaches. Mobile teams were used by the OCP when ivermectin treatment was 
introduced. The logistic cost was extremely high. For this reason, mobile teams cannot be 
recommended to be used nation-wide but can be considered for special settings. 
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Table 11 Predicted microfilarial prevalence in ≥5-year old population after 12 years of 
intervention plus 3 years of surveillance and the percentage increase in effectiveness of 
annual CDTI at 80% coverage or biannual CDTI at 65% or 80% coverage compared to 
continuing annual CDTI at 65% coverage with 5% compared to 0% systematic non-
compliers (EPIONCHO predictions) 

Pre-control endemicity 
Percentage of systematic non-compliers 

Reference: 
continue 

New strategy initiated after 
5 years of a CDTI with 65% 
Tx cov 

Parameter a CDTI 
Tx cov: 
65% 

a CDTI 
Tx cov: 
80% 

Bi CDTI 
Tx cov: 
65% 

Bi CDTI 
Tx cov: 
80% 

Hyperendemic area with mf prevalence ≥5 yrs old population: 70%, CMFL: 15 mf/skin snip 
Percentage of systematic non-compliers: 5%     
Microfilarial prevalence in ≥5 yrs old population after 15 years* 14.6% 9.5% 7.8% 6.4% 
Percentage increase in effectiveness* NA 34.7% 46.7% 56.2% 
Percentage of systematic non-compliers: 0%     
Microfilarial prevalence in ≥5 yrs old population after 15 years* 5.1% 0.01% 0.00% 0.00% 
Percentage increase in effectiveness * NA* 83.5% 91.7% 99.3% 
Very hyperendemic area with mf prevalence ≥5 yrs old population:  87%, CMFL: 53 mf/skin snip 
Percentage of systematic non-compliers: 5%     
Microfilarial prevalence in ≥5 yrs old population after 15 years* 48.7% 42.0% 35.7% 31.8% 

Percentage increase in effectiveness* NA* 13.9% 26.9% 34.7% 
Percentage of systematic non-compliers: %     
Microfilarial prevalence in ≥5 yrs old population after 15 years* 40.9% 23.2% 12.7% 3.0% 
Percentage increase in effectiveness* NA* 43.2% 69.1% 92.6% 
a CDTI - annual CDTI, Bi CDTI - biannual CDTI, Tx cov - treatment coverage, NA - not applicable 
Model assumptions: % reduction in reproductive capacity of female macrofilariae per round of treatment: 35% 
* effectiveness is calculated relative to microfilarial prevalence after 12 years of annual CDTI at 65% coverage 
plus 3 years of post-treatment surveillance (i.e. 15 years in total) 

 

4.1.5 Special consideration for optimizing CDTI in Loa loa co-endemic areas 

Where poor CDTI treatment coverage in meso- or hyperendemic areas is attributed to the 
fear of populations of adverse reactions to ivermectin treatment in people heavily co-
infected with Loa loa, and CDTI has been decided upon as the strategy to continue, 
reflections are needed to develop improved IEC material for the affected communities.  

Research may be needed to better understand the knowledge about and the perceptions of 
these adverse reactions in the affected populations since very little detailed information is 
available.  

Furthermore, it needs to be ensured that all those measures are implemented which were 
specified by the MEC and TCC for CDTI in onchocerciasis meso- and hyperendemic areas 
which are Loa loa co-endemic [38].  

The central review of all projects reports by APOC management and the TCC and the advice 
provided to each project after this review, allowed each project to benefit from the lessons 
learnt in all other projects. In the absence of APOC, countries with Loa loa co-endemic areas 
should develop collaborations that allow them to share their experiences and best practices. 
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4.1.6 Optimizing the timing of CDTI in areas with seasonal transmission 

4.1.6.1 Rationale 

In the majority of onchocerciasis endemic areas, the intensity of transmission varies over 
the course of a year in relation to the availability of blackfly breeding sites (determining 
vector density and biting rates) and vector survival (determining parous rates and ultimately 
infection and infectivity rates). In some areas, notably the Sahel zone, transmission occurs 
(nearly) exclusively during the few months of the rainy season (i.e. seasonal transmission). 
In other areas, transmission occurs throughout the year (i.e. perennial transmission), but 
with a defined peak transmission period, and in still others there may be two peak 
transmission periods.  

After ivermectin treatment, skin microfilarial density decreases quickly and remains 
suppressed at a low level for around two to three months. This is due to a combination of 
the microfilaricidal effect of ivermectin and the effect of the drug on the production of 
microfilariae by adult female worms [80]. From around that time onward, the female 
macrofilariae resume production of microfilariae. The skin becomes slowly repopulated with 
microfilariae which are available for transmission to the vector. The impact of CDTI on 
transmission from humans to vectors is consequently maximal when CDTI occurs just before 
the peak biting season, so that skin microfilarial densities are minimal when the number of 
vectors is maximal. In contrast, when CDTI occurs after the peak biting season, skin 
microfilarial loads may be maximal when the number of vectors is maximal, resulting in an 
avoidable degree of transmission. 

Modelling of the impact of the timing of CDTI relative to peak biting/transmission season for 
two different patterns of seasonal transmission with the model EPIONCHO suggests that 
optimal timing of CDTI can significantly reduce the number of years to elimination in areas 
with highly seasonal transmission. For a setting in which 60% of the adult population was 
infected pre-control and transmission occurred during only 5 months of the year, the 
number of years to reach the epidemiological thresholds for stopping treatment defined in 
the APOC 'Conceptual and Operational Framework of Onchocerciasis Elimination with 
Ivermectin Treatment' [2] was estimated to be 40% lower with optimal than 'worst possible' 
timing of CDTI. For a setting with the same pre-control endemicity but high levels of 
transmission during a five month long rainy season and continuing low level during the rest 
of the year, the number of years was estimated to be 20% lower with optimal than 'worst 
possible' timing of CDTI. [54] 

Similar results were obtained with ONCHOSIM simulations for areas with perennial 
transmission but with a high and a low transmission season where optimal timing of CDTI 
was estimated to reduce the number of years to elimination by up to two years in areas 
with high transmission (pre-control CMFL 70 mf/skin snip) (unpublished data).  

4.1.6.2 Process 

One of the basic principles of CDTI is that the populations themselves determine the time of 
ivermectin distribution. In practice the choice of timing by the communities is subject to the 
constraints imposed by preparatory activities by the health system such as the release of 
funds or delivery of ivermectin. In recent years, integration of onchocerciasis control and 
lymphatic filariasis (LF) control has in some cases resulted in CDTI being delayed because 
albendazole was not available on time.  
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As a first step, information on the seasonality of vector density in the project area should be 
compared with the timing of CDTI reported in the project technical reports provided to 
APOC. Information about the seasonality of vector density is available in the scientific 
literature (e.g. [81,82]) and sometimes in the APOC project technical reports. The 
entomologists who worked with APOC on mapping vector species and breeding sites were 
also gathering this information. Furthermore, the local population can provide information 
on when they suffer most from blackfly bites.  

In areas with highly seasonal transmission and where CDTI timing is not optimal, project 
managers should explain to the populations why CDTI just before the period of highest 
vector density is advantageous to them. In some regions in Burkina Faso, the populations 
are well aware of this and demand ivermectin delivery in time for them to organise CDTI just 
before the season of high transmission. These populations could help to develop the 
effective IEC material explaining the rationale for distributing ivermectin at a given time of 
the year.  

Subsequently, programme managers need to ensure that all prerequisites for CDTI are put 
in place for CDTI to occur at the time agreed upon with the population.  

4.2 Biannual community directed treatment with ivermectin 

4.2.1 Rationale 

The Onchocerciasis Elimination Program for the Americas (OEPA), used 6-monthly (and in 
hyperendemic villages 3-monthly) ivermectin mass treatment in the 13 foci of 6 Central and 
South American countries [83-85]. In these countries an estimated 0.56 million people lived 
in an estimated 1939 communities of which 63%. 25% and 12% were hypo-, meso- and 
hyperendemic, respectively. Biannual ivermectin treatment rapidly suppressed transmission 
of the parasite [86,87]. Between 17-25 rounds of semi-annual treatment with ivermectin, 
complemented in 138 hyperendemic communities for several years with additional two 
treatment rounds/year, have resulted or are likely to have resulted in interruption of 
transmission in 11 foci [88-93]. 

In Africa, 16 years of biannual CDTI have eliminated onchocerciasis transmission in the River 
Gambia focus where pre-control infection prevalence was at least 60% in 9 of 21 villages for 
which data are available [3,23].  

Modelling suggests that biannual CDTI will reduce the number of years to elimination 
compared to annual CDTI even in the highly endemic areas present in many APOC countries 
[33,52]. Table 9 and Table 10 above illustrate this for two different levels of 
hyperendemicity based on ONCHOSIM and EPIONCHO simulations, respectively.  

Shorter and more intensive mass treatment programmes could minimize the risk of 
interruption of control activities, e.g. due to conflict, and increasing prevalence of parasites 
with low susceptibility to ivermectin.  

4.2.2 Process 

The processes for implementing biannual CDTI are the same as those for annual CDTI. The 
advice given in section 4.1 on optimization of implementation of CDTI should be taken into 
account.  

Based on the experience in Ghana, the annual in-country costs for biannual CDTI are 
approximately 50-60% higher than the annual in-country costs for annual CDTI [53]. 
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Consequently, support of all levels within the health system needs to be ensured before the 
decision to implement biannual CDTI.  

Appropriate IEC material needs to be generated to ensure that the communities understand 
the rationale for the change in strategy and the importance of everybody participating in 
each treatment round so that high treatment coverage is achieved in both treatment rounds. 

4.2.3 Implications 

Modelling studies suggest several implications that countries need to consider for a decision 
to move from an annual to a biannual CDTI strategy and for implementation of the strategy: 

 The extent to which biannual CDTI will decrease time to elimination of transmission 
depends on the treatment coverage achieved [33]. This is shown for two scenarios in 
Table 9 and Table 10. 

 The total number of treatment rounds to elimination will be higher with biannual CDTI 
than annual CDTI (Table 9). 

 Increasing treatment coverage during annual CDTI may reduce the number of years to 
elimination to an extent similar to that achieved through implementation of biannual 
CDTI without improved treatment coverage, but without the additional number of 
treatment rounds to elimination which biannual CDTI requires [33] (Table 9 and Table 
10).  

 One rationale for biannual CDTI proposed is that it will increase the number of people 
who will receive at least one treatment/year since those who for some reason were 
not able to participate in one round, may be able to participate in the second round in 
that year. It is noteworthy that the treatment coverage assumed in the modelling 
applies to each treatment round.  

 An increase in the percentage of people receiving ivermectin in at least one of the two 
biannual CDTI treatment rounds is unlikely to affect the percentage of 'systematic 
non-compliers' (i.e. people who consistently do not participate in CDTI). The 
percentage of systematic non-compliers has a significant impact on the time to (and, 
depending on their proportion in the population and their microfilarial load, also the 
feasibility of) elimination not only with annual, but equally with biannual CDTI (Table 
11). Consequently, the advice provided in section 4.1.4 is also applicable for biannual 
CDTI. 

 The level of endemicity before introduction of annual CDTI, as well as the prevalence 
of infection at the time of switching from an annual to a biannual CDTI strategy will 
impact the difference in years to elimination between continuation of an annual CDTI 
strategy and switching to a biannual CDTI strategy [52]. 

 In areas with highly seasonal transmission, the number of years to elimination with 
CDTI will depend on the time of CDTI relative to vector biting rate. CDTI will be most 
effective when performed at a time that results in minimal skin microfilariae levels in 
the population when biting rates are highest (see section 4.1.6, [54]). Consequently, in 
areas with highly seasonal transmission, a second treatment round outside the 
transmission season will not be as effective as the treatment prior to the peak 
transmission season.  
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4.3 Complementary Vector control 

4.3.1 Rationale 

Vector control is directed against Simulium larvae using WHO approved and 
environmentally safe insecticides. Vector control through larviciding aimed at eliminating 
the vector was the first and principal strategy of the OCP [8,94,95].  

In APOC countries, vector elimination was the principal onchocerciasis elimination strategy 
only in selected areas (Bioko (Equatorial Guinea) [45], Tukuyu (Tanzania), Itwara and 
Mpamba-Nkusi (Uganda) [44,96,97]) based on the isolation of the area or the transmission 
effectiveness of the local vector.  

In other areas of APOC countries, vector control was not considered operationally or 
financially feasible as the principal control strategy. In selected areas in APOC countries, 
vector control could, however, be used to complement CDTI to rapidly reduce human-fly-
contact and accelerate elimination of onchocerciasis.  

Complementing CDTI with vector control is advantageous particularly in areas where vector 
density is very high resulting in significant transmission even when the skin microfilariae 
density in the population is low. Table 12 provides the number of years to elimination and 
the number of CDTI rounds and Table 13 the relative effectiveness of CDTI without and with 
vector control based on ONCHOSIM and EPIONCHO modelling, respectively.  

The cost of vector control activities can, however, be very high, depending on a number of 
factors including e.g. the size (and volume) of the rivers, the number of breeding sites, the 
frequency of larviciding required, the productivity of the breeding sites, and their 
accessibility to larviciding. Furthermore, implementation of vector control requires 
significant preparatory work (see section 4.3.3).  
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Table 12 Number of years and ivermectin treatment rounds to elimination with annual and 
biannual CDTI with different treatment coverage and complementary vector control 
initiated after 5 years of annual CDTI with 65% treatment coverage (ONCHOSIM 
predictions) 

Pre-control endemicity Reference: 
continue 

New strategy initiated after 
5 years of a CDTI with 65% 
Tx cov 

Parameter a CDTI 
Tx cov: 
65% 

a CDTI 
Tx cov: 
80% 

Bi CDTI 
Tx cov: 
65% 

Bi CDTI 
Tx cov: 
80% 

Mesoendemic area with 
mf prevalence total population: 57%, mf prevalence >5 yrs old population: 70%, CMFL: 16 mf/skin snip 

No complementary vector control 
Number of years to elimination after strategy switch 7 5 4 3 
Number of CDTI rounds to elimination after strategy switch 7 5 8 6 

Complementary vector control reducing biting rates by 50% 
Number of years to elimination after strategy switch 5 4 3.5 3 
Number of CDTI rounds to elimination after strategy switch 5 4 7 6 

Complementary vector control reducing biting rates by 75% 
Number of years to elimination after strategy switch 4 4 3 3 
Number of CDTI rounds to elimination after strategy switch 4 4 6 6 

Complementary vector control reducing biting rates by 100% 
Number of years to elimination after strategy switch 4 4 3 2.5 
Number of CDTI rounds to elimination after strategy switch 4 4 6 5 
Hyperendemic area with 
mf prevalence total population:72%, mf prevalence >5 yrs old population:  87%, CMFL: 56 mf/skin snip 

No complementary vector control 
Number of years to elimination after strategy switch 22 17 13.5 12 
Number of CDTI rounds to elimination after strategy switch 22 17 27 24 

Complementary vector control reducing biting rates by 50% 
Number of years to elimination after strategy switch 13 12 10.5 9 
Number of CDTI rounds to elimination after strategy switch 13 12 21 18 

Complementary vector control reducing biting rates by 75% 
Number of years to elimination after strategy switch 10 9 9 8.5 
Number of CDTI rounds to elimination after strategy switch 10 9 18 17 

Complementary vector control reducing biting rates by 100% 
Number of years to elimination after strategy switch 8 8 7.5 7.5 
Number of CDTI rounds to elimination after strategy switch 8 8 15 15 
Model assumptions: a) Percentage of systematic non-compliers (i.e. % of people who consistently do not 
participate in CDTI): 5%, b) % reduction in reproductive capacity of female macrofilariae per round of 
treatment: 35% 
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Table 13 Predicted microfilarial prevalence in ≥5-year old population after 12 years of 
intervention plus 3 years of surveillance and the percentage increase in effectiveness of 
annual CDTI at 80% coverage or biannual CDTI at 65% or 80% coverage with 
complementary vector control compared to continuing annual CDTI at 65% coverage 
without vector control (EPIONCHO predictions) 

Pre-control endemicity Reference: 
continue 

New strategy initiated after 
5 years of a CDTI with 65% 
Tx cov 

Parameter a CDTI 
Tx cov: 
65% 

a CDTI 
Tx cov: 
80% 

Bi CDTI 
Tx cov: 
65% 

Bi CDTI 
Tx cov: 
80% 

Hyperendemic area with  
mf prevalence ≥5-yr old population: 70%, CMFL: 15 mf/skin snip 

No complementary vector control 
Microfilarial prevalence in ≥5-yr old population after 15 years* 14.6% 9.5% 7.8% 6.4% 

Percentage increase in effectiveness*  NA 34.7% 46.7% 56.2% 
Complementary vector control reducing biting rates by 50% 

Microfilarial prevalence in ≥5 yrs old population after 15 years* 9.8% 6.4% 5.6% 4.8% 
Percentage increase in effectiveness*  32.5% 56.2% 61.4% 67.0% 

Complementary vector control reducing biting rates by 75% 
Microfilarial prevalence in ≥5-yr old population after 15 years* 7.4% 4.8% 4.6% 4.0% 
Percentage increase in effectiveness*  49.1% 66.9% 68.6% 72.4% 

Complementary vector control reducing biting rates by 100% 
Microfilarial prevalence in ≥5-yr old population after 15 years* 5.1% 3.3% 3.6% 3.3% 
Percentage increase in effectiveness*  65.1% 77.1% 75.6% 77.6% 
Very hyperendemic area with 
mf prevalence ≥5 yrs old population: 87%, CMFL: 53 mf/skin snip 

No complementary vector control 
Microfilarial prevalence in ≥5-yr old population after 15 years* 48.7% 42.0% 35.7% 31.8% 
Percentage increase in effectiveness*  NA 13.9% 26.9% 34.7% 

Complementary vector control reducing biting rates by 50% 
Microfilarial prevalence in ≥5 yrs old population after 15 years* 43.4% 36.1% 31.1% 27.7% 
Percentage increase in effectiveness*  11.0% 26.0% 36.3% 43.1% 

Complementary vector control reducing biting rates by 75% 
Microfilarial prevalence in ≥5 yrs old population after 15 years* 37.2% 29.9% 26.5% 23.9% 
Percentage increase in effectiveness* 23.8% 38.6% 45.6% 51.0% 

Complementary vector control reducing biting rates by 100% 
Microfilarial prevalence in ≥5 yrs old population after 15 years* 22.0% 17.5% 18.0% 17.2% 
Percentage increase in effectiveness* 54.9% 64.1% 63.1% 64.7% 
a CDTI - annual CDTI, Bi CDTI - biannual CDTI, Tx cov - treatment coverage, NA - not applicable 
Model assumptions: % reduction in reproductive capacity of female macrofilariae per round of treatment: 35% 
Model assumptions:  a) Percentage of systematic non-compliers (i.e. % of people who consistently do not 
participate in CDTI): 5%, b) % reduction in reproductive capacity of female macrofilariae per round of 
treatment: 35%. *  effectiveness is calculated relative to microfilarial prevalence after 12 years of annual CDTI 
at 65% coverage plus 3 years of surveillance (i.e. 15 years in total), without vector control. 

 



 Page 32 of 55                                                                  WHO/MG/15.20 

4.3.2 Options and requirements for decision making 

Vector control can be implemented with two different objectives:  

1) Local elimination of the vector, which may be feasible in selected isolated foci 
[44,45,96,97]. 

2) Reduction of vector density and thus biting rates in other areas through larviciding timed 
so that the maximum reduction is achieved at the time biting rates and thus transmission of 
the parasite would be highest. 

The decision to implement vector control and the choice of the vector control objective 
require a large amount of information including, but not limited to the following:   

 Maps of the river systems  
 Maps of potential breeding sites. 
 Information on rainfall pattern in the area. 
 Data on vector species and their characteristics. 
 Data on the effectiveness of potentially suitable larvicides obtained through 

experimental larviciding treatment to optimize the approach to vector control. 
 Vector control capacity available in the national health services. 
 Data for the calculation of the cost (including capacity building) as well as cost-

effectiveness of different vector control strategies. 

4.3.3 Guide for countries 

A 'Guide for decision making and implementation of vector control as Alternative Treatment 
Strategies for elimination of onchocerciasis' for countries has been generated and is 
available in an Annex to this report.  

4.4 Test and Treat strategies 

A 'Test and Treat' (T&T) strategy is defined as 'any strategy that requires diagnosis for 
infection and/or contra-indications to treatment before a decision on whom to treat with 
what regimen' is made.  

This strategy deviates from APOC’s community-directed intervention approach in several 
ways: 

 It is not mass-drug administration based 
 Some diagnostic tests cannot be administered by CDDs and require at a minimum 

extensive training of community health workers while others will require 
administration by health care workers or personnel with specific skills and experience.  

 The drugs used may have a safety profile not consistent with distribution by CDDs and 
require involvement of personnel with specific skills and experience.  

 For drug regimens with >1 dose per treatment round, monitoring of therapeutic 
coverage and compliance may require more resources than monitoring of compliance 
with CDTI . 

 More than one type of treatment may be used within a community depending on the 
strategy chosen. This also requires extensive training to ensure that specific 
treatments are given to those for whom they are indicated and not to those for whom 
they are contra-indicated. 
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For the design of T&T strategies, a series of questions needs to be answered before 
implementation is decided upon:  

1. Who needs to be tested? 

2. Which infection or which infections are to be tested for?  

3. Which contra-indications other than infections need to be tested for? 

4. Which tests are to be used? 

5. Who can conduct these tests? 

6. Who will be treated? 

7. What drug regimen is the most suitable for which subpopulation? 

8. What resources are required for successful implementation (including level of personnel 
for applying the test and for providing the drug)?  

All of these requirements imply that prerequisites for successful implementation of T&T 
include and go significantly beyond those for successful implementation of biannual CDTI 
outlined in section 4.2. Prior to implementation of a T&T strategy, the feasibility of 
implementation needs to be examined, operational research to determine critical factors for 
successful implementation needs to be conducted, commitment at all levels of the health 
system and of the communities needs to be obtained and the timely availability of all 
required financial, material and human resources needs to be assured. Detailed guidelines 
and Standard Operating Procedures as well as specific Information, Education and 
Communication (IEC) material for the population need to be developed. The IEC material 
should differ for populations used to CDTI and those in which the T&T strategy is the first 
onchocerciasis control strategy implemented. 

4.4.1 Rationale 

4.4.1.1 T&T in loiasis-endemic areas 

In Loa loa endemic areas in which onchocerciasis is meso- or hyperendemic, CDTI can be 
implemented with the two modified strategies specified in the TCC and MEC guidelines2 
because the probability and extent of benefit of ivermectin treatment (reduction in and 
progression of onchocerciasis signs and symptoms) is considered to exceed the risk of 
serious adverse reactions. In contrast, in onchocerciasis hypoendemic areas which are Loa 
loa co-endemic, no matter how low the level of loiasis endemicity, the proportion of the 
population benefitting from ivermectin is very low. Consequently, the benefit from CDTI is 
too low relative to the risk of serious adverse reactions to ivermectin in those with high level 
of infection with Loa loa for CDTI to be justified.  

Similarly, in areas co-endemic for LF, at any level of endemicity, and Loa loa but not 
onchocerciasis meso- or hyperendemic, mass drug administration (MDA) of ivermectin and 
albendazole is not justifiable: individuals with LF will not receive any direct benefit from the 
reduction in blood microfilariae levels (which reduces transmission, but does not reduce 
their symptoms which are due to the adult worms). In 2012, WHO recommended twice 

                                                        
2  http://www.who.int/apoc/publications/recommendations/en/) http://www.mectizan.org/resources/mec-
tcc-guidelines-for-use-of-mectizan-in-loa-endemic-areas  
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yearly albendazole treatment, combined with vector control activities, as the provisional 
strategy for interruption of LF transmission in loiasis co-endemic areas without 
onchocerciasis [98]. The preliminary results obtained in the Republic of the Congo (DOLF 
project) suggest that this strategy will be effective [99].  

A T&T strategy with diagnosis for Loa loa infection allows to exclude individuals with a level 
of Loa loa infection above that considered to put them at unacceptable risk of serious 
adverse reactions to ivermectin.  

4.4.1.2 T&T in loiasis-endemic areas 

A T&T strategy can also be considered for areas which are not Loa loa endemic, i.e. where 
the proportion of the infected population and the level of transmission is expected to be 
very low. In that case, elimination of transmission could be achieved faster by identifying 
those infected and treating them once with a course of a macrofilaricide (combined with 
ivermectin if the macrofilaricide has no effect on microfilariae) than to continue CDTI for 
many years (or MDA with ivermectin and albendazole). 

A T&T strategy can be equally applied to other situations where a specific subgroup of the 
population should be excluded from MDA with the chosen drug since it puts them at 
unacceptable risk (e.g. a pregnancy test for women because the drug chosen has 
reproductive toxicity).  

4.4.2 T&T strategies for onchocerciasis hypoendemic areas co-endemic for Loa loa  

As outlined above, CDTI cannot be implemented in onchocerciasis hypoendemic areas co-
endemic for Loa loa, indicating a T&T strategy. Onchocerciasis is considered hypo-endemic 
when nodule prevalence in adults is < 20%, which, in ivermectin treatment naive areas, 
corresponds to 20-60% of the population with microfilariae (mf) in their skin [100].  

In areas in which the prevalence of Loa loa microfilaraemia exceeds 20% (corresponding to a 
RAPLOA prevalence of 40% [4,101]), the proportion of adults with > 30,000 Loa loa mf/ml 
blood and thus at risk of severe neurological adverse reactions to ivermectin is around 2-3% 
and the proportion of adults with > 8000 Loa loa mf/ml blood and thus at risk of marked 
reaction with functional impairment for several days is around 6-7% [37,39,102]. These 
prevalences need to be taken into account to determine the best T&T strategy.  

Two different T&T strategies are possible:  

1) a strategy in which, as a first step, Loa loa infected individuals at risk of severe adverse 
reactions are identified to be excluded from treatment with ivermectin (LOA FIRST). 

2) a strategy in which, as a first step, O. volvulus infected individuals to be targeted for 
treatment are identified (ONCHO FIRST).  

4.4.2.1 Test to exclude highly Loa loa infected individuals from ivermectin treatment 
(LOA FIRST) 

In this strategy, all residents are systematically tested to determine the level of Loa loa 
microfilaraemia in each individual (see section 4.4.4).  

Loa loa infected individuals excluded from ivermectin treatment can subsequently be tested 
for infection with O. volvulus and, if found to be infected, can be treated with drugs which 
affect the O. volvulus macrofilariae, but have no effect on the microfilariae and thus do not 
induce Loa-related serious adverse reactions. Considering (a) the prevalence of 
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onchocerciasis in hypoendemic areas  (b) the relationship between the prevalence of Loa 
loa infection and infection intensity  [39], and assuming (c) that the threshold for exclusion 
from ivermectin treatment is set to 30,000 Loa loa mf/ml [37], the percentage of the 
population who should not receive ivermectin treatment but will need individualized 
treatment with another drug is estimated not to exceed 1%. 

4.4.2.2 Test for O. volvulus infection to select individuals for treatment against O. 
volvulus (ONCHO FIRST) 

In this strategy, all residents are systematically tested for active infection with O. volvulus  
(see section 4.4.5) to identify those in need of treatment.  

If the chosen treatment is known or suspected to be microfilaricidal, individuals found to be 
infected with O. volvulus need to be tested further for Loa loa microfilarial density to 
exclude those at risk of severe and/or serious adverse reactions from the microfilaricidal 
treatment and treat them with a macrofilaricide which is not microfilaricidal.  

4.4.3 T&T strategies for onchocerciasis endemic areas not co-endemic for Loa loa  

The epidemiological evaluations by APOC and the countries in areas with long term CDTI 
[13,14,25,26,29-32,40,51,103] have shown that in many areas the prevalences of patent 
infection (as determined by skin snip) have been reduced to very low levels, including in 
some areas to levels that meet the provisional criteria for stopping CDTI [2]. In some areas 
none of the individuals tested was skin snip positive.  

In areas with particularly high pre-CDTI endemicity, the prevalence of infected individuals 
was often still higher than 10% despite > 20 years of CDTI. In such a situation, it needs to be 
evaluated whether continuation of CDTI is cost-effective considering that CDTI does not 
include measures to determine the extent to which those still infected, and hence in need of 
treatment, are or are not participating in CDTI (see section 4.1.4).   

An alternative is a T&T strategy in which the total population is tested for patent O. volvulus 
infection (via skin snips or the DEC patch test (see section 4.4.5, [23,104]) and those found 
to be infected are treated. 

4.4.4 Tools to test for infection with Loa loa  

The current gold standard for Loa loa diagnosis is examination for mf of Giemsa stained 
calibrated (usually 50 or 70 µl) thick blood smears (TBS) prepared from blood sampled 
between 10:00 h and 16:00 h [39]. This method requires significant laboratory capacity and 
personnel. A well trained technician is estimated to be able to read up to 30-50 TBS per 
hour, depending on the mean Loa loa microfilarial density on the TBS. In addition, this is not 
a point-of-care method to detect at-risk individuals 

Two main alternative methods are being developed:  

 Determination of the amount of Loa loa DNA in the blood which correlates with the 
level of microfilaremia [105]. This method requires a well equipped central laboratory 
and hence results are not immediately available for decision making. 

 Determination of Loa loa microfilaremia with the “Cellscope Loa”, also called 
“LoaScope" [106]. Seven 5-second videos are obtained from a blood sample in a 
capillary, inserted into a special magnifying device, coupled with a smartphone. The 
Loa mf which displace the red blood cells are counted by the image analysis software 
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loaded into the smartphone. The number of mf/ml blood is shown on the smartphone 
screen within one minute, and the test has thus the huge advantage of being a point-
of-care diagnostic test [106]. This device was tested in August-October 2015 in 
Cameroon in an area where a significant number of serious adverse reactions, 
including fatal ones, occurred in 1999. Some 15,000 individuals were tested, 
corresponding to a coverage of almost 60% of the total population. This participation 
rate shows that the extensive community information and education conducted had 
achieved a high level of confidence, despite the history of post-ivermectin adverse 
reactions 15 years ago. Among those tested, only 2.2% were excluded from ivermectin 
treatment because of their high Loa microfilaraemia, whereas the others were treated 
with ivermectin. No case of serious adverse reaction occurred among them. Further 
studies are ongoing to assess the perception and the cost-effectiveness of the strategy.   

Either of these methods allows identification of individuals infected with Loa loa who are at 
risk of severe and/or serious adverse reactions to ivermectin and their exclusion from the 
ivermectin treatment provided to all other individuals.  

4.4.5 Tools to test for infection with O. volvulus  

The current gold standard for diagnosing infection with O. volvulus is the skin biopsy (skin 
snip) method which requires the use of costly sclerectomy punches (Holth- or Walser-type), 
sterilization of the punches between use on different subjects, well-trained technicians and 
is labor intensive. The method is relatively invasive which may result in low population 
acceptance for diagnosing O. volvulus infection in hypoendemic areas where people are very 
unlikely to suffer from symptoms or in meso- or hyperendemic areas where CDTI has 
eliminated onchocerciasis morbidity. 

A field suitable test for human antibodies against the O. volvulus antigen OV16 is now 
commercially available to detect O. volvulus infection from Standard Diagnostics, Inc. 
(http://www.standardia.com/en/home/product/rapid/infectious-disease/Anti-
Onchocerciasis_IgG4.html). Currently, it is not known for how many years OV16 antibodies 
remain in circulation after the last O. volvulus macrofilariae in an individual has died. Studies 
conducted in areas where onchocerciasis transmission was interrupted suggest that this 
might be up to 10 years. Therefore, the test may result in false positive diagnosis of O. 
volvulus infection in areas where transmission and thus infection prevalence was reduced 
due to long term CDTI. Large scale studies comparing the sensitivity and specificity of OV16 
detected with ELISA, the OV16 field suitable test and the skin snip method are currently 
ongoing.  

The OCP had initiated use of the DEC patch. The DEC patch detects patent O. volvulus 
infection through the localized skin reaction that appears when skin microfilariae are 
exposed to diethylcarbamazine applied to a small area of skin via a patch [107-109]. A 
manual for field workers on the use of the ad-hoc prepared patch usingusing DEC diluted in 
Nivea cream (referred to as the OCP DEC patch) is available on the APOC website3. A ready-
to-use DEC patch manufactured according to Good Manufacturing Practices which utilizes 
modern transdermal delivery technology (LTS-2 patch) has now been developed. Clinical 
evaluation of the LTS-2 patch resulted in the conclusion that the ability to detect active 

                                                        
3 http://www.who.int/apoc/publications/guidefortraindec_patch/fr/, 
http://www.who.int/apoc/publications/guidefortraindec_patch/en/ 
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infections is comparable to that of the DEC patch used by OCP and that the safety profile is 
suitable for large scale evaluation [23,104]. Large scale evaluation of the LTS-2 patch 
sensitivity and specificity is planned in a study that will simultaneously evaluate other 
available tools for the diagnosis of onchocerciasis. The specificity of the LTS-2 patch in Loa 
loa co-endemic areas also needs to be evaluated. A study of the OCP DEC patch in a forest 
area of Cameroon where Loa loa is co-endemic showed that the proportion of positive 
results was higher in children infected with Loa loa than in those who were amicrofilaraemic 
(20% vs. 5.3%), but that only 9.5% of those with Loa loa microfilaraemia developed a grade 
2 [108,110]. The LTS-2 patch is not commercially available. Lohmann Therapie Systeme, (LTS, 
Andernach, Germany), the company which developed it at no cost at the request of WHO, 
will manufacture batches at the request of WHO and provide them to WHO at cost. 
Countries can request patches from WHO.  

4.5 Treatments 

4.5.1 Drugs registered for use in onchocerciasis 

Ivermectin is currently the only drug registered (i.e. approved by regulatory authorities) for 
use in O. volvulus infections and is included among the antifilarials in the 2013 WHO Model 
list of Essential Medicines.4  

4.5.2 Drugs registered for human use for other indications 

Clinical studies with the tetracycline antibiotic doxycycline (daily administration for 4-6 
weeks [111]) have provided proof-of-concept that depleting O. volvulus of its symbiotic 
bacterium Wolbachia pipientis results in permanent sterilization of the parasite (200 mg/d 
for 4 weeks or 100 mg/d for 5 weeks) and can also exert a macrofilaricidal effect (6 weeks 
200 mg/d) [112,113]. Doxycycline has not kill the microfilariae but it reduces their ability to 
develop into infective stages within the blackfly vectors [114]. Because doxycycline is not 
microfilaricidal, it does not give rise to the type of adverse reactions in Loa loa infected 
individuals seen after ivermectin treatment.  

Meta-analytical modelling of all available doxycycline clinical trial data to date suggests that 
there is no statistically significant difference between the effect of the different dose levels 
(100 vs. 200 md/d) or different treatment durations (4, 5, and 6 weeks) evaluated. The 
modelling further suggested that the macrofilaricidal effect is due to a shortening of the 
lifespan of the macrofilariae by 70-80% from an average of 10 years to 2-3 years [111]. 

Doxycycline is approved in many countries for the treatment or prevention of specified 
infectious diseases. The indications for which use is approved may differ between countries. 
Doxycycline is included in the 2013 WHO Model list of Essential Medicines 
(http://www.who.int/medicines/publications/essentialmedicines/en/) as an antibiotic and 
antimalarial. The warnings/precautions (including pregnancy and age <8 years) for use of 
doxycycline need to be taken into account for doxycycline-based treatment strategies, 
including set up of an appropriate pharmacovigilance system.   

Applications to include antibiotics found to be safe and effective for use in O. volvulus 
among the antifilarials in the WHO Model List of Essential Medicines are being considered 
(A. Hoerauf, personal communication).  

                                                        
4 http://www.who.int/medicines/publications/essentialmedicines/en/ 
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4.5.3 Drugs in clinical development 

Research for drugs with higher effect on the parasite is ongoing. The amount of data on the 
safety and efficacy of these drugs, how they could potentially be used by control 
programmes and when they may become available for use differs between the different 
drugs. This section provides an overview based on currently available information. Countries 
may want to keep a 'watching brief' on the progress being made. 

4.5.3.1 Moxidectin 

Moxidectin is an anthelminthic used in veterinary medicines. The UNICEFF/UNDP/World 
Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR), 
evaluated, with support from OCP and APOC, the potential of moxidectin for onchocerciasis 
control and elimination. WHO has licensed all data it has to the Australian Not-for-Profit 
organisation Medicines Development for Global Health (MDGH5). MDGH intends to register 
moxidectin for onchocerciasis with funds provided by the Global Health Investment Fund 
(GHIF6). MDGH also intends to develop moxidectin for LF and scabies. 

In the first study conducted in O. volvulus infected people in Ghana by TDR [115], a single 
dose of 8 mg moxidectin resulted in skin microfilariae levels which were for 12 months 
lower than the lowest levels achieved after treatment (at 2 months) with the standard dose 
of ivermectin. The superiority of 8 mg moxidectin over ivermectin was confirmed in a larger 
study conducted in Ghana, Liberia and DRC in adolescents ≥ 12 years and adults. The safety 
data suggest that moxidectin is suitable for mass drug administration [51]. A large scale 
community study to evaluate the effect of multiple annual and biannual treatments, as well 
as a study to determine a safe dose for children 4-11 years old are being planned.  

Modelling with EPIONCHO was conducted to compare the time and in-country costs to 
reach the provisional operational thresholds for stopping ivermectin treatment with annual 
community directed treatment with 8 mg moxidectin (aCDTM), biannual CDTI and annual 
CDTI. The modelling suggested that these thresholds are reached after a similar number of 
years with aCDTM and biannual CDTI. Since a second treatment/year increases in-country 
costs, reaching elimination would be cheaper for countries with an aCDTM strategy, 
provided moxidectin is donated to countries [54]. 

There are no data on the effect of moxidectin on Loa loa microfilariae. Given moxidectin's 
effect on O. volvulus microfilariae, it is likely that moxidectin will result in adverse reactions 
in people with high levels of Loa loa infection similar to those seen after ivermectin 
treatment(see section 4.4). While data on the effect of moxidectin on Loa loa microfilariae 
remain unavailable, it has to be assumed that moxidectin could be used in Loa loa co-
endemic areas only within a 'Test and Treat' strategy.  

4.5.3.2 Anti-wolbachia compounds 

The University of Bonn is part of the 'A-WOL consortium'7, funded by the Bill and Melinda 
Gates Foundation8  and the Global Health Innovative Technology fund.9 Together with their 

                                                        
5 http://www.medicinesdevelopment.com/ 
6 www.ghif.com, http://ghif.com/us10-million-investment-into-the-registration-of-moxidectin/, 
www.who.int/tdr/news/2015/moxi-treatmt-funding/en/index.html 
7  http://www.a-wol.com/; http://www.a-wol.com/our-consortium/ 
8 http://www.gatesfoundation.org/  
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partners from Kwame Nkrumah University of Science and Technology (KNUST), Ghana, they 
are conducting clinical studies to assess the effect of antibiotics registered for non-filarial 
indications and which have shown anti-wolbachial efficacy in in-vitro and in-vivo laboratory 
assays. The objective of these studies is to develop treatment regimens for onchocerciasis 
and lymphatic filariasis with < 7 days duration ([116], for ongoing study see 
ISRCTN43697583). The results from these studies will show whether these treatment 
regimen are effective and whether the safety profile and treatment regimen are compatible 
with mass drug administration or whether these antibiotic regimens are candidates for 
treatments within a T&T strategy. 

The publications resulting from this work are available on the consoritum website.10  

4.5.4 Drugs in discovery and pre-clinical testing 

4.5.4.1 Flubendazole 

Flubendazole is a drug used in veterinary medicine and also approved in a number of 
countries for treatment of human intestinal parasites [117].  

A clinical study of injectable (intra-muscular) flubendazole conducted in people with 
onchocerciasis in Mexico suggested that the macrofilariae are killed while the microfilariae 
are not affected [118,119]. Further studies were not conducted because of inflammatory 
reactions at the injection site [118]. New oral formulations of flubendazole providing high 
systemic bioavailability have now been developed [120]. Additional studies in animal 
models have been conducted which support the initial efficacy data. Pre-clinical safety 
testing is currently ongoing [121-123]. The first study of the tablets in people could be 
initiated in 2016 or 2017 (C.D. Mackenzie, T. Geary, personal communication). It is currently 
not known when all studies required for registration of oral flubendazole will be completed. 
It is also not known whether flubendazole will be safe across all ages and both sexes.  

Currently available data in animal models and humans do not suggest that flubendazole kills 
microfilariae. Therefore, flubendazole is a very promising candidate for mass drug 
administration in Loa loa co-endemic areas, even if its safety profile should require 
‘selective MDA’ e.g. based on sex and/or age due to reproductive toxicity [123]. 

4.5.4.2 Emodepside 

Emodepside is a compound approved in combination with praziquantel (Profender®) for the 
treatment of gastrointestinal nematodes in animals (tablets for dogs, spot-on solution for 
cats). Studies sponsored by the UNICEF/UNDP/World Bank/WHO Special Programme for 
Research and Training in Tropical Diseases (TDR) showed that emodepside has activity in 
laboratory models of human filarial parasites, as well as on O. volvulus macrofilariae 
(Townson S., Awadzi, K. Progress Report to TDR on project A50391, 25.5.2006 to 
30.12.2007). Emodepside has been suggested as a candidate for development for human 
filarial infections [124].  

The Not-for-profit organisation Drugs for Neglected Diseases Initiative (DNDi) is conducting 
pre-clinical research to determine the safety profile of emodepside in the laboratory and in 

                                                                                                                                                                            
9 http://www.ghitfund.org 
10 http://www.a-wol.com/outputs/publications/ 
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animal models.11 DNDi announced that emodespide will enter healthy volunteer studies in 
2015 (DNDi E-news December 2015 - Scientific Update, R&D status November 2015: DNDi 
Filarial Diseases programme, November 2015, accessed 13 December 2015).  

4.5.4.3 Anti-wolbachia compounds 

The AWOL consortium is also conducting research to discover new compounds which could 
ultimately be transitioned into pre-clinical safety testing and ultimately clinical trials to 
determine whether they are safe and efficacious against O. volvulus with regimens of only a 
few days [125].  

5 Considerations for onchocerciasis - LF co-endemic areas 
In areas in which onchocerciasis is co-endemic with Lymphatic Filariasis (LF), decisions on 
strategies for onchocerciasis elimination should be made in the context of ongoing or 
planned efforts for the elimination of LF. Global elimination of LF is targeted for 2020. The 
strategy is preventive chemotherapy through annual mass drug administration (MDA) with 
albendazole plus ivermectin (in countries where onchocerciasis is endemic) or 
diethylcarbamazine (in other countries) for ≥ 5 years. Progress towards achieving this goal in 
Africa is less than originally planned due to the fact that mapping of LF prevalence has not 
been completed in all countries. Recent data on the lack of specificity relative to Loa loa of 
the Immunochromatographic Card Test (ICT) used to map LF endemic areas [126-128], 
indicate that in loiasis-endemic areas the presence of LF needs to be re-evaluated before 
cost-effective control strategies can be decided upon.  

In LF endemic areas which are loiasis co-endemic, the community benefit of MDA with 
ivermectin does not justify the individual risk of serious adverse reactions to ivermectin that 
can occur in Loa loa infected people [129]. In 2012, WHO recommended twice yearly 
albendazole treatment, combined with vector control activities, as the provisional 
alternative treatment strategy for interruption of LF transmission in loiasis co-endemic areas 
without onchocerciasis [98]. Albendazole is not microfilaricidal and therefore does not 
induce the type of adverse reactions in Loa loa infected individuals seen after ivermectin 
treatment. The ongoing studies conducted in the Republic of Congo and in DRC (DOLF 
studies) on the impact of 3 years of semi-annual albendazole treatment will provide further 
data on the efficacy of the proposed regimen.  

6 The role of modelling in onchocerciasis control and the strengths and 
limitations of modelling 

6.1 Rationale for the use of modelling 

Ambitious targets have been set for the elimination of onchocerciasis in Africa. 
Mathematical models provide the opportunity to predict and compare the population-level 
effect of different types of interventions. They can thus help to identify the most effective 
interventions according for different epidemiological settings.  

There is a paucity of empirical data comparing the impact of different types of interventions 
on trends in infection prevalence and achievement of elimination in Africa. Available data 
are usually not directly comparable because of underlying differences in pre-control 

                                                        
11 http://www.dndi.org/diseases-projects/portfolio/emodepside.html 
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endemicity, distance from breeding sites, productivity of breeding sites, compliance, and 
other factors that influence the impact of interventions. Since it is impossible to compare 
possible strategies under controlled circumstances, mathematical models are the only 
available means to assess the relative efficacy of different interventions, where the targets 
can be achieved with current interventions, where strategy adjustments may be needed, 
and how the progress to elimination can be accelerated most effectively.  

6.2 History of modelling in support of onchocerciasis control 

Modelling has played a significant role in informing onchocerciasis control activities since 
the early stages of the OCP, helping to determine: (i) the threshold biting rates of the 
savannah members of the S. damnosum s.l. complex, below which endemic onchocerciasis 
would not be able to persist [130]; (ii) the dynamics of recolonization by blackflies of 
breeding sites after spraying of the larvicides [130,131], and (iii) the duration of vector 
control that would be necessary to interrupt transmission and prevent recrudescence [132]. 
Early modelling projections using ONCHOSIM indicated that 14 years of full-scale vector 
control would be required to reduce the risk of recrudescence to less than 1% [132]. These 
projections were later confirmed by the epidemiological trends presented by Hougard et al. 
[133]. 

When ivermectin MDA emerged as a new intervention strategy during the late 1980s and 
early 1990s, ONCHOSIM was used to model the effectiveness of combined vector control 
and MDA, predicting that 12 years of combined interventions would be sufficient to reduce 
the risk of recrudescence to less than 1%, even in the most severely affected areas, 
assuming an ivermectin treatment coverage of at least 65% [134].  

The ONCHOSIM model was later also applied to assess prospects of achieving elimination 
with ivermectin mass treatment as the only intervention [33,135]. A similar analysis was 
done with the more recently developed model EPIONCHO [34]. Both models have also been 
used to assess the public health impact of onchocerciasis control in the APOC countries 
[17,22,136]. 

Since the inclusion of onchocerciasis elimination in Africa among the APOC objectives, both 
ONCHOSIM and EPIONCHO have been increasingly used to evaluate the effectiveness, cost-
effectiveness as well as the feasibility of and relative time to achieving elimination for a 
variety of intervention strategies: annual or biannual CDTI [33,52,54,135], complementary 
vector control (for this report, Section 4.3.1) and emerging treatments such as moxidectin 
[54] (Section 4.5.3.1) or doxycycline [137] (Section 4.5.2). Model simulations have also 
highlighted the importance of treatment coverage and compliance with CDTI, indicating that 
only a relatively small proportion of systematically non-compliant individuals is enough to 
sustain transmission despite ongoing interventions ([35], Section 4.1.4).  

6.3 Comparison of ONCHOSIM and EPIONCHO 

Modelling results referenced or provided in this report were derived from two different 
models:  

 ONCHOSIM: originally developed by researchers from Erasmus MC (Rotterdam, the 
Netherlands) in collaboration with OCP and later refined in collaboration with APOC;  

 EPIONCHO: developed by researchers from Imperial College London (London, UK).  



 Page 42 of 55                                                                  WHO/MG/15.20 

Both are well-established models developed for the same purpose: to evaluate hypotheses 
regarding the transmission dynamics of onchocerciasis and to serve as a tool for planning 
and evaluation of interventions. Good information about the processes involved in 
onchocerciasis transmission was obtained by analysing data from the Onchocerciasis 
Control Programme and data from studies done in areas where savanna-type of 
infection  occurs. This information was incorporated in the models [33,35,52,138]. Both 
models have been applied in many previously published modelling studies (see section 6.2).  

There are many similarities between the models, but there are also differences, e.g. with 
respect to the modelling approach, the extent to which the models account for 
heterogeneities in the human population (e.g. in exposure to blackfly bites), and 
assumptions regarding density dependence in various processes in the transmission cycle. A 
first comparison of the models and their predictions for a number of relevant scenarios was 
recently published [35].  

Both models agree that annual CDTI may be sufficient to bring mf prevalence below a 
critical threshold in meso-endemic areas and estimates of the required duration of 
interventions are comparable. For hyperendemic areas, the models gave more deviating 
results, with ONCHOSIM being more 'optimistic' regarding the feasibility of elimination and 
required duration of interventions than EPIONCHO. Both models do agree that annual or 
biannual CDTI is insufficient to achieve elimination in very highly hyperendemic areas.  

Although the models’ predictions regarding the required duration of interventions for 
achieving elimination sometimes differ, in general the model predictions regarding the 
relative effectiveness of alternative interventions are comparable.  

A more detailed comparison of the two models and previously published predictions is in 
preparation (Basanez et al. River blindness: mathematical models for control and 
elimination) [35]. 

6.4 Interpretation of modelling results: robustness and uncertainties 

There is renewed focus on validating model predictions against longitudinal epidemiological 
data collected during both research studies and routine programmatic monitoring and 
evaluation activities. This is a crucial task because many components of both ONCHOSIM 
and EPIONCHO are parameterized primarily using pre-control data and key population and 
transmission processes do not necessarily hold through long-term intervention [139]. In this 
endeavour, APOC has been an important partner in agreeing to share relevant 
epidemiological and programmatic data which will ultimately improve the accuracy of 
model predictions.  

Even with further validation using these and other data, some modelling assumptions will 
inevitably be difficult or sometimes impossible to validate directly. It is also not feasible to 
validate models unequivocally across the highly heterogeneous demographic, ecological and 
demographic settings among onchocerciasis foci in Africa. Some key uncertainties can be 
expressed in model outputs. However, it is rarely feasible to undertake comprehensive 
structural and parametric uncertainty analysis while maintaining interpretable output which 
is useful to support and inform decisions on intervention strategies. Hence, while models 
provide an excellent tool to help decisions on interventions strategies—and indicate likely 
required durations of interventions—ultimately the attainment of elimination goals must be 
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verified by data collected during appropriately designed long-term, longitudinal monitoring 
and evaluation followed by surveillance activities.  

7 List of Annexes 
 APOC Guidelines for revising ivermectin treatment boundaries within the context of 

onchocerciasis elimination 
 Guide for decision making and implementation of vector control as Alternative 

Treatment Strategies for elimination of onchocerciasis 
 Recommendations for the treatment of Onchocerciasis with Mectizan® in areas co-

endemic for Onchocerciasis and Loiasis of the Mectizan® Expert Committee and the 
Technical Consultative Committee of APOC 

 List of participants in APOC consultative meetings on alternative treatment strategies. 
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