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Abstract

Background: Onchocerciasis (river blindness), caused by the filarial worm species Onchocerca volvulus, is a serious
vector-borne neglected tropical disease (NTD) of public health and socioeconomic concern. It is transmitted
through the bite of black flies of the genus Simulium, and manifested in dermal and ocular lesions. Ninety-nine
percent of the total global risk and burden of onchocerciasis is in Africa. This scoping review examines the key
challenges related to the elimination of onchocerciasis by 2020-2025 in Africa, and proposes recommendations to
overcome the challenges and accelerate disease elimination. To find relevant articles published in peer-reviewed
journals, a search of PubMed and Google Scholar databases was carried out.

Main text: Rigorous regional interventions carried out to control and eliminate onchocerciasis in the past four
decades in Africa have been effective in bringing the disease burden under control; it is currently not a public health
problem in most endemic areas. Notably, transmission of the parasite is interrupted in some hyperendemic localities.
Recently, there has been a policy shift from control to complete disease elimination by 2020 in selected countries and
by 2025 in the majority of endemic African countries. The WHO has published guidelines for stopping mass drug
administration (MDA) and verifying the interruption of transmission and elimination of human onchocerciasis.
Therefore, countries have revised their plans, established a goal of disease elimination in line with an evidence based
decision to stop MDA and verify elimination, and incorporated it into their NTDs national master plans.

Nevertheless, challenges remain pertaining to the elimination of onchocerciasis in Africa. The challenge we review in
this paper are: incomplete elimination mapping of all transmission zones, co-endemicity of onchocerciasis and loiasis,
possible emergence of ivermectin resistance, uncoordinated cross-border elimination efforts, conflict and civil unrest,
suboptimal program implementation, and technical and financial challenges. This paper also proposes recommmendations
to overcome the challenges and accelerate disease elimination. These are: a need for complete disease elimination
mapping, a need for collaborative elimination activities between national programs, a need for a different drug
distribution approach in conflict-affected areas, a need for routine monitoring and evaluation of MDA programs, a need
for implementing alternative treatment strategies (ATSs) in areas with elimination anticipated beyond 2025, and a need
for strong partnerships and continued funding.
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Conclusions: National programs need to regularly monitor and evaluate the performance and progress of their
interventions, while envisaging the complete elimination of onchocerciasis from their territory. Factors hindering the
targeted goal of interruption of parasite transmission need to be identified and remedial actions should be taken. If
possible and appropriate, ATSs need to be implemented to accelerate disease elimination by 2025.

Multilingual abstracts

Please see Additional file 1 for translations of the ab-
stract into the five official working languages of the
United Nations.

Background
Onchocerciasis, also called river blindness, is a vector-
borne parasitic neglected tropical disease (NTD) caused by
the filarial nematode Onchocerca volvulus. It is transmitted
through the bite of black flies of the genus Simulium that
breed in fast-flowing water bodies [1]. It is estimated that
nearly 37 million people are infected with onchocerciasis
[2—4], and 200 million people are at risk of contracting the
onchocerciasis infection [5]. Ninety-nine percent of the
total global risk and burden is in Africa [6-10].
Onchocerciasis is a disease of major public health
importance [11, 12]. The disease is the world’s second
leading infectious cause of blindness after trachoma [13].
It is associated with reduced life expectancy [14, 15], and
causes high mortality among onchocerciasis-blind
people [16, 17] as well as epilepsy [14, 15, 18-20].
Onchocerciasis has also been associated with a variety of
psychosocial and economic impacts. It results in social
stigma of infected persons and their families [15, 21],
disturbed sleep and reduced earnings among infected
adults, poor school performance and a higher dropout
rate among infected school-aged children [15, 22-27], and
high health costs [4]. In fear of these occurring, communi-
ties migrate away from their fertile arable land [15, 28],
cause drop in agricultural yields and perpetuate poverty.
Due to the high disease burden, the control of oncho-
cerciasis has received considerable attention from vari-
ous international organizations and donors. Concerted
large-scale regional interventions carried out in the past
four decades have been effective in bringing the disease
burden under control; it is currently not a public health
problem in most endemic areas in Africa [10, 29-31].
There is also established evidence that the disease is
eliminated in some localized foci [28, 32—39]. Encour-
aged by these triumphs, the World Health Organization
(WHO) established the target of onchocerciasis elimin-
ation in selected endemic countries by 2020 [40] and in
remaining African countries by 2025 [41]. There is also
international commitment to achieve the goal of disease

elimination, as illustrated by the adoption of the World
Health Assembly Resolution on NTDs (WHA 66.12)
and endorsement of the London Declaration on NTDs
of 2012 by pharmaceutical companies, donors, national
governments, and non-governmental organizations
(NGOs) [42]. In 2016, the WHO has published guide-
lines for stopping mass drug administration (MDA) and
verifying the interruption of transmission and elimin-
ation of human onchocerciasis [43]. Onchocerciasis en-
demic countries have revised their plans, established a
goal of disease elimination in line with an evidence
based decision to stop MDA and verify elimination,
incorporated it into their NTDs national master plans,
and formed national onchocerciasis elimination commit-
tees to assist with and track elimination activities.

There are, however, many challenges to achieve the
elimination of onchocerciasis in Africa [44—49]. This re-
view examines the key challenges related to the elimin-
ation of onchocerciasis by 2020-2025 in Africa, and
proposes recommendations to overcome the challenges
and accelerate disease elimination. We believe that the re-
view will help to inform many of the national programs
working on the elimination of onchocerciasis in Africa.

Main text

To find relevant articles published in peer-reviewed jour-
nals, a search of PubMed and Google Scholar databases
was carried out. Titles of articles and abstracts were
reviewed. If found relevant full length articles were re-
trieved and accessed. Publications were included if the
abstract or full content of an article focused on accom-
plishments and challenges of previous onchocerciasis
control programs, and current status, progress and chal-
lenges of disease elimination in onchocerciasis endemic
countries of Africa. Additional articles were identified
and retrieved by looking at the references list of the
publications. The search included only articles published
in English language. Moreover, websites of ministries of
health of endemic countries and international health orga-
nizations (WHO, the United States Agency for Inter-
national Development, The Carter Center, and Sightsavers)
were assessed to obtain relevant data on national elimin-
ation programs and technical documents, and reports of
consultative meetings, respectively. Abstracts of conference
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proceedings, chapters of books, and press releases were also
included.

Previous regional interventions for onchocerciasis control
and elimination in Africa

Rigorous control interventions have been carried out to
control and eliminate onchocerciasis in the past four de-
cades in Africa. These include the Onchocerciasis Con-
trol Programme in West Africa (OCP) and the African
Programme for Onchocerciasis Control (APOC).

The initial effort to control onchocerciasis was through
the OCP, which ran from 1974 until 2002 in 11 West
African countries that were most prevalent for the disease
[29]. The OCP was initially a vector control program that
was later complemented with MDA after ivermectin was
registered for human use and donated for onchocerciasis
control in 1987 [50]. At the OCP’s end, onchocerciasis
had been eliminated as a public health problem in all
participating countries except Sierra Leone where opera-
tions were interrupted by a decade-long civil war, and 25
million hectares of land had been reclaimed for agricul-
tural use [51].

The APOC was launched at the end of 1995 to elimin-
ate the public health problem of onchocerciasis in 19
African countries outside the OCP zone [2, 52, 53],
which had more than 80% of the global burden of the
disease [54, 55]. In 2007, the APOC received the
mandate to assist any of the OCP countries as required.
The primary activities of the APOC were to map out the
endemicity of onchocerciasis and detect high transmis-
sion areas eligible for mass treatment [15]. For a sus-
tained and cost-effective distribution of ivermectin, the
APOC employed annual community-directed treatment
with ivermectin (CDTI) as its strategy [15, 56—58]. It
covered more than 190 000 communities, mainly in
remote and hard-to-reach rural areas that were poorly ser-
viced by health services, and lacked sufficient financial
and human resources. This program effectively controlled
the public health problem of onchocerciasis [2, 30, 31, 51,
59-63]. The rationales and historical milestones of these
two regional program are summarized in Table 1.

Current status of onchocerciasis elimination in Africa

After the APOC ended in 2015, it was replaced with the
Expanded Special Project for Elimination of NTDs
(ESPEN), which includes onchocerciasis elimination [63,
73, 74]. In accordance, onchocerciasis-endemic countries
have shifted their policy from control to elimination and
set an ultimate goal of interrupting parasite transmission
from their territory. Elimination of onchocerciasis is de-
fined as the “reduction of O. volvulus infection and
transmission to the extent that interventions can be
stopped, but post-intervention surveillance is still neces-
sary” [75]. The WHO has published guidelines for
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stopping MDA and verifying the interruption of trans-
mission and elimination of human onchocerciasis, which
comprises three phases [43]:

Phase one is a phase of active transmission and MDA
intervention, characterized by regular ivermectin
treatment with a minimum requirement of 80%
therapeutic coverage of the eligible population for 12—
15 years or longer in order to reach a point where
transmission of the parasite can no longer be sustained.
This has been supplemented with vector elimination
efforts in selected onchocerciasis foci in Equatorial
Guinea, Uganda, and Tanzania. At the end of this
phase, programs perform epidemiological and
entomological evaluations to demonstrate interruption
of parasite transmission in order to stop MDA and
move to the next phase. This includes testing children
aged under 10 years and testing the heads of black flies
for O. volvulus deoxyribonucleic acid (DNA) using Ov-
16 enzyme-linked immunosorbent assay (ELISA) and
O-150 polymerase chain reaction (PCR) (pool
screening), respectively.

Phase two is post-treatment surveillance (PTS) for new
infections, lasting for 3—5 years. O-150 PCR testing is
used to confirm the interruption of O. volvulus
transmission in black flies. When O-150 PCR results
are at or near the threshold (< one infected black fly in
2000 total flies), the Ov-16 serology test is used to
confirm the interruption of parasite transmission in
children. Moreover, Ov-16 serology is used to confirm
the interruption of parasite transmission in some areas
of Africa where vector elimination has been achieved.
If confirmed the program enters the last phase.

Phase three is a period of post-elimination surveillance
to detect possible reintroductions of onchocerciasis
[43]. This phase confirms permanent interruption or
elimination of the disease in a defined geographic area
[76]. The WHO's three-phase elimination guidelines
are briefly depicted in Fig. 1.

It is acknowledged that the initial goal of elimination
of onchocerciasis as a disease of public health import-
ance has been achieved in endemic areas of Africa in-
cluding even where the endemicity of the disease was
extremely high. The feasibility of elimination of oncho-
cerciasis has also been confirmed in limited endemic foci
in the last decade [28, 32—-39].

The major challenges relating to onchocerciasis
elimination in Africa

In spite of this evidence that assures that the elimination
of onchocerciasis from the continent is feasible, there
are challenges regarding the accomplishment of this by
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Table 1 Summary of onchocerciasis control programmes in Africa: countries covered, objectives, strategies and achievements made

at their closure

Program Countries covered Objective Strategies Achievements References
ocCpP Benin, Burkina-Faso, To eliminate (1) Vector control, Eliminated public health [29-31, 50, 51,
(1974-2002) Cote d'lvoire, Ghana, onchocerciasis (2) Both vector impact of onchocerciasis, 64-71]
Guinea, Guinea-Bissau, as a disease of control and CDTI, Reclaimed 25 million km?
Mali, Niger, Senegal, public health (3) CDTl only abandoned land for agriculture,
Sierra Leone, Togo importance and (in specific countries or areas) Prevented 600 000 cases
(SIZ in Togo and Sierra  an obstacle to of blindness,
Leone for the period socio-economic Freed 18 million children from
2002-2007) development, and risk of blindness
to ensure participating Infection disappeared from an
countries can maintain estimated 1 million individuals
achievement Enhanced human resource
capacity building via training of
more than 400 professional staff
Reduced disease associated social
stigma
20% economic rate of return
APOC Angola, Burundi, To eliminate The establishment of Eliminated onchocerciasis as a [2, 3,15, 28, 33—
(1995-2015) Cameroon, Central onchocerciasis as sustainable CDTI and disease of public health importance 39, 56, 57, 59-
African Republic (CAR)  a disease of public vector control with Saved 19 million disability-adjusted 62, 69, 72]

, Chad, Democratic
Republic of Congo
(DRQ), Equatorial Guinea,
Ethiopia, Gabon, Kenya,
Liberia, Malawi,
Mozambique, Nigeria,
Rwanda, Uganda,
Tanzania, Sudan

health importance
in the remaining
endemic countries
in Africa

environmentally-safe
methods where appropriate.

life years during its 20-year existence

20% decline in the disability-adjusted

life year burden of onchocerciasis

between 2005 and 2015 at a cost of

only USD 27 per disability-adjusted life year
Evidences of elimination of onchocerciasis
in some localized foci

CDTI Community-directed treatment with ivermectin, OCP Onchocerciasis Control Programme in West Africa, USD United States dollar

2025 [44—-49]. The major challenges pertaining to the
elimination of onchocerciasis in Africa are:

e incomplete elimination mapping of all transmission
zones;

e co-endemicity of onchocerciasis and loiasis;

e possible emergence of ivermectin resistance;

e uncoordinated cross-border elimination efforts;

o conflict and civil war;

e suboptimal program implementation; and

e technical and financial challenges.

Incomplete elimination mapping of all transmission zones

In the control era, the primary task was to define the
geographic distribution of onchocerciasis and delineate
potentially endemic communities [77-80] via the rapid
epidemiological mapping of onchocerciasis (REMO)
strategy [81]. Areas with a prevalence of infection
greater than 20% nodule prevalence in adult men in a
community were defined as high-risk areas (mesoen-
demic and hyperendemic). These areas were associated
with a significant risk of onchocerciasis disease [31] and
it was decided that mass ivermectin treatment should be
implemented forever [10, 79]. Indeed, successful pro-
gress is being made to interrupt transmission of the
parasite in these areas [82]. The challenge lies with areas
that are considered hypoendemic and nonendemic,

where there is less than 20% onchocercal nodule
prevalence [31, 83], which were excluded from treatment
[84, 85] as it was decided that the level of infection did
not constitute a serious public health problem. Now, the
shift toward disease elimination has brought a new map-
ping challenge [86], as these disregarded hypoendemic
areas might have contributed to sustained transmission
and spread of infection [87-89], and become an impedi-
ment to disease elimination [90, 91]. Furthermore, des-
pite a number of countries devising their own mapping
strategy, a standardized common elimination mapping
guideline is not yet available to complete the process.

Co-endemicity of onchocerciasis and loiasis

Loiasis is a filarial disease caused by the nematode parasite
Loa loa [92]. It is estimated that 12—13 million people are
infected in Africa [70]. The rapid mapping of parasite dis-
tribution revealed that there is a high prevalence of loiasis
in two large foci in Africa, namely the west and east foci.
The west focus includes southeast Nigeria, south
Cameroon, Equatorial Guinea, Gabon, west Congo, the
coastal plains of Angola, Bas-Congo in the Democratic
Republic of the Congo (DRC), west Central African Re-
public (CAR), and south Chad. The east focus covers east
CAR, south of South Sudan, and northeast DRC [92]. A
small focus is found at the boundary between Kenya and
South Sudan. The areas with low prevalence stretch from
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southwest Benin to west Ethiopia, and from north Angola
to central Chad [44]. Figure 2 is map of estimated preva-
lence of L. loa in Africa throughout history.

L. loa causes ocular and systemic manifestations with
minor effects on the quality of life [44]. The issue is that
in areas co-endemic with onchocerciasis, ivermectin
treatment of individuals harbouring high L. loa microfi-
lariemia causes serious neurological adverse events that
might lead to death [85, 90, 93-96]. The risk of severe
adverse events is high when the microfilaria load exceed
8000 microfilaria/ml, and the reaction is more severe if
the load exceeds 30 000 microfilaria/ml [93, 97-99]. As
a result, millions of people living in areas where loiasis is
co-endemic with onchocerciasis are left untreated with
the standard strategy of community-wide ivermectin
treatment [49, 85, 92]. Even in areas where treatment has
been conducted under close surveillance to manage severe
adverse effects, there is a high refusal rate to swallow the
drug [74, 99] due to fear of risk of adverse events. This
has contributed to the sustained transmission, reintroduc-
tion of the parasite into previously eliminated areas [49],
and finally to it posing a major obstacle in the elimination
of onchocerciasis [10, 85, 93, 94, 96, 100].

Possible emergence of ivermectin resistance

Ivermectin has long been used to control onchocerciasis
[101, 102]. It is an effective microfilaricidal drug with a
partial macrofilaricidal property when used repetitively:
annually, semi-annually, or quarterly [103—105]. It should
be noted that, despite several rounds of treatment, there
are reports of O. volvulus responding poorly to the anti-
fecundity effect of ivermectin in Ghana [106-109] and
Cameroon [110, 111]. These observations raise the possi-
bility that ivermectin resistance is emerging. This is sup-
ported by several parasite genetic studies that showed the
occurrence of polymorphisms or changes in specific genes
responsible for suboptimal responses in parasite popula-
tions exposed to several years of ivermectin treatment
[112-120]. In 2017, a genome-wide analysis of O. volvulus
revealed that evolution of suboptimal responses to iver-
mectin is determined by selective sweeps of pre-existing
quantitative trait loci with many genes contributing in a
polygenic manner [121]. Researchers examining human
genes affecting drug response and clinical outcomes have
reported that host genetic polymorphisms might be
attributed to a varied response to ivermectin treatment in
Ghana [122]. This phenomenon could jeopardize the goal
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Fig. 2 Map showing the estimated prevalence rates of Loa loa in Africa throughout history (Source: [92])

of disease elimination, as ivermectin is still being used as
the drug of choice in the elimination of onchocerciasis in
Africa.

Uncoordinated cross-border elimination efforts

As onchocerciasis is extensively prevalent in a wide range
of African countries, there are several cross-border issues
that affect efforts of national programs working to achieve
disease elimination [123]. These include international
boundaries transversing disease transmission zones, and
human population and vector migration [70, 89].

Endemic countries, mainly those with high-risk areas
[1], have several shared transmission zones across their
national borders [1, 70, 123]. This is because rivers,
which offer breeding sites for black flies, often form
borders between countries [30]. Elimination efforts along
borders of countries with shared transmission zones
might be uncoordinated [123] and MDA activities might
be at different stages of implementation. This might there-
fore contribute to sustained transmission of infection and
hinder disease elimination. For example, despite good pro-
gress made in achieving interruption of transmission in a
number of foci in Uganda, recurrent transmission of

onchocerciasis from cross-border areas of the DRC and
South Sudan, where onchocerciasis is still endemic, poses
a challenge [10, 91, 124, 125]. A similar problem of cross-
border transmission of onchocerciasis has been reported in
Malawi and Guinea-Bissau, with a possible source from
adjacent border areas of Mozambique and Guinea, respect-
ively [86]. In addition to international cross-border issues,
internal administrative border issues within a country can
also lead to significant challenges in the elimination of
onchocerciasis [126] as CDTI projects in a country could
be in different stage of programme implementation. Table 2
outlines the endemic countries in Africa and their respect-
ive cross-border endemic locations.

Human population and black fly migration across
national borders also has a significant impact on the
elimination of onchocerciasis in Africa [70, 127]. There is
seasonal population migration from one country to an-
other, or from one area of a country to another, for several
activities such as fishing, farming and mining. Infected
migrating people either spread the infection into disease-
free areas or disease-free migrating persons acquire infec-
tions from an onchocerciasis-endemic area to which they
arrive. For instance, reinfection of a community nearly free



Gebrezgabiher et al. Infectious Diseases of Poverty (2019) 8:60

Table 2 Onchocerciasis endemic countries and their shared
cross-border locations (Source: [126])

Country Shared cross-border endemic location with
Angola DRC
Benin Togo, Nigeria, Burkina Faso

Burkina Faso Mali, Cote d'lvoire, Ghana, Togo, Benin, Niger

Cameroon Nigeria, Chad, Congo-Brazzaville, CAR

CAR Cameroon, Chad, South Sudan

Chad Cameroon, CAR, South Sudan

Congo- Cameroon, Gabon, DRC

Brazzaville

Cote d'lvoire Liberia, Burkina Faso, Ghana, Mali

DRC Uganda, Angola, CAR, Congo, South Sudan, Zambia
Equatorial Cameroon, Gabon

Guinea

Ethiopia Sudan, South Sudan

Gabon Cameroon, Congo

Ghana Cote d'lvoire, Burkina Faso, Togo

Guinea Guinea Bissau, Senegal, Mali, Sierra Leone, Liberia

Guinea Bissau Senegal, Guinea

Kenya South Sudan , Tanzania

Liberia Sierra Leone, Guinea, Cote d'lvoire

Malawi Mozambique

Mali Senegal, Guinea, Cote d'Ivoire, Burkina Faso, Benin,
Niger

Mozambique Malawi, Tanzania

Nigeria Benin, Cameroon, Chad, Niger

Niger Burkina Faso, Benin, Nigeria, Chad, Mali

Senegal Guinea-Bissau, Guinea

Sierra Leone Guinea, Liberia

South Sudan Uganda, Ethiopia, Sudan

Sudan Ethiopia, South Sudan

Togo Benin, Ghana, Burkina Faso
Tanzania Mozambique, Burundi, Kenya
Uganda DRC, South Sudan

CAR Central Africa Republic, DRC Democratic Republic of the Congo

from onchocerciasis in Burkina Faso was due to migration
of infected persons from neighbouring onchocerciasis-
endemic zones of Cote d’Ivoire [128].

In addition to human migration, cross-border vector
flying contributes to the dispersal of parasites and re-
invasion of disease-free areas, as observed in the previ-
ous OCP areas [75, 127, 129, 130]. Savanna black flies
can travel up to 600 kilometers [131] with a wind
assisted flight and maintain transmission at the point of
their arrival despite a presence of local intervention
[127]. A group of researchers indicated that migrating
flies were one of the possible factors for the reintroduc-
tion of infection into the previously disease-free OCP
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areas of Burkina Faso [132]. Similarly, cross-border
migration of vectors might have partly contributed to
the persistence of infection and ongoing transmission of
O. volvulus in the river basin areas of northern and cen-
tral Togo despite decades of vector control and MDA
intervention [133]. Apart from international borders,
human and black fly migration can also carry and dis-
perse parasites between local foci within a country [74].

Conflict and civil war

The presence of conflict and civil war in some African
countries is another impediment in the elimination of
onchocerciasis [9, 71]. Conflict interrupts interventions
and weakens political support [9], and is thus responsible
for the occurrence of new cases of onchocerciasis-related
blindness every year [10]. Conflict and post-conflict
African countries that have anticipated delayed achieve-
ment of disease elimination include South Sudan, the
DRC, CAR, Angola, and Coéte d’Ivoire [9, 70, 134]. In
countries with such a crisis, the healthcare system is frag-
mented [135], and it is difficult to obtain access to deliver
regular MDA and carry out entomological and epidemio-
logical surveillances activities [136] for monitoring and
evaluation of program intervention. For instance, in 2016,
MDA was seriously disrupted and the number of treat-
ments declined to 196 000 (from 462 000 in 2015) due to
deteriorating security in South Sudan [137]. People are
displaced from their original residences, marginalized
from receiving ivermectin treatment on a regular basis
[68], and may serve as reservoirs of infection [136].

Suboptimal program implementation

There are different programmatic factors that affect the
elimination of onchocerciasis in Africa, including the ex-
tent of drug coverage (i.e. geographic and therapeutic),
compliance to CDTI [138, 139], and frequency of mass
ivermectin treatment [131]. Geographical coverage is
defined as the proportion of administrative units treated
out of the total number of units requiring treatment in a
particular MDA program [140, 141]. It is an indicator of
the scaling up of the MDA program in a country [140].
Therapeutic coverage is defined as the percentage of the
eligible population that participates in a CDTI program
in a given area [62].

Achieving and maintaining high geographic and thera-
peutic coverage during each MDA round will help to
shorten the period needed to interrupt parasite trans-
mission [142]. Trends in ivermectin therapeutic coverage
in 26 countries of Africa are presented in Table 3 and
Fig. 3. According to the WHO’s Weekly Epidemiological
Record, a total of 53 865 599 people received treatment
in 2007 in Africa [143]. This number has increased each
year, and a reported 132 502 932 people received
treatment at least once in 2016 [143-152]. Therapeutic
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Fig. 3 Temporal trends of therapeutic coverage of MDA in 26 onchocerciasis-endemic countries in Africa, 2007-2016 (Source: [143-152])
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coverage was 65.4% in 2007, 61.2% in 2008, 73.1% in
2009, 75.8% in 2010, 77.4% in 2011, 76.4% in 2012,
59.6% in 2013, 65.3% in 2014, 60.5% in 2015, and 67% in
2016 (see Table 3 and Fig. 3). This shows that, continen-
tally, the minimum threshold required for interruption
of parasite transmission has not yet been reached.
Though it is fluctuating, individual country data show
that most countries have achieved the effective threshold
required to control the disease over 10 years. Thera-
peutic coverage above the minimum disease elimination
threshold (80%) was also reported: Malawi has achieved

this in 8 years; Burundi and Burkina Faso in six; Chad in
five; Congo, Ethiopia, Liberia, Benin, Sierra Leone, and
Togo in four; and Cameroon, Ghana, Mali, Nigeria,
Uganda, and Sudan in 3 years over 10 years. Angola, the
DRC, CAR, Equatorial Guinea, and South Sudan had
poor therapeutic coverage during the MDA period (see
Table 3 and Fig. 3). Key factors for poor drug coverage
that hamper reaching the recommended threshold in-
clude: co-endemicity with loiasis [135], shortage of drug
supply [146], and logistical challenge of delivering iver-
mectin to endemic areas in a timely manner [10, 151],
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mainly to those living in remote and hard-to-reach en-
demic areas [44, 74, 153]. To achieve elimination as
quickly as possible, adequate support needs to be pro-
vided to national programs with poor drug coverage to
scale up their mass ivermectin treatment.

Compliance is another critical programmatic issue that
should be considered in the elimination of onchocercia-
sis in Africa. It refers to the frequency with which indi-
viduals comply to swallow the provided drugs [141]. It
has been found that not all eligible members of a com-
munity swallow the drug they receive during a MDA
campaign and a wide range of factors are affecting com-
pliance to CDTI [135, 141, 154—169]. For instance, com-
pliance to CDTI was associated with older age [165,
167], perceived individual’s risk of onchocerciasis infec-
tion [157, 162, 163, 165], perceived belief of benefits of
ivermectin [154, 157, 159, 162, 167, 169], positive beliefs
as community drug distributors (CDDs) are doing their
job well [157, 163, 165], whereas being female and indi-
vidual’s past experience of drug adverse effects were
associated with non-compliance to CDTI [168]. There
are also individuals in a community who fail to comply
over several years of annual CDTI, known as systematic
non-compliers. They account for more than 10% of a
population [166] that might act as a reservoir of
infection, which maintains transmission of the parasite
[141, 166, 168], thus making interrupting the transmis-
sion challenging [74].

Frequency of mass ivermectin treatment is another pro-
grammatic factor that affects the elimination of onchocer-
ciasis. When control was the agenda of control programs,
annual treatments appeared to be sufficient to eliminate
the public health and socioeconomic impact of onchocer-
ciasis. With the shift to the agenda of elimination, the an-
nual mass ivermectin treatment approach is questionable
[131], particularly in settings with high pre-control en-
demicity and areas where CDTI has recently started [9,
49]. For instance, a large-scale epidemiological evaluation
of CDTI areas showed that more than 20 years of annual
CDTI with adequate coverage was not able to interrupt
parasite transmission in Touboro, north Cameroon, an
area with the highest recorded pre-control endemicity
level [30]. Model-based comparisons of annual and bian-
nual treatments also concluded that biannual treatments
would reduce the number of treatment years by one third
compared to annual treatments in highly endemic areas
[49, 142, 170]. Biannual and/or quarterly MDA was found
to be critical for the interruption of parasite transmission
in Latin American endemic countries [30].

Technical and financial challenges
With the conclusion of the APOC and shift to ESPEN in
2016, interventions for other NTDs are integrated into the
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program for onchocerciasis elimination [73]. This has
brought changes to the well-functioning community
MDA approach for onchocerciasis and added a load to
the minimally educated and unpaid CDDs [171]. There
are also technical challenges to integrating disease-specific
MDA programs [172] with different implementation units
into a combined NTDs platform [45, 173, 174]. Moreover,
thorough scientific evidence is needed to confirm inter-
ruption of transmission and verification of elimination
using specialized and quality-assured laboratory facilities
and diagnostic tools [71]. Well-trained field entomologists
are also required to collect entomological data to monitor
and evaluate program performance.

Adequate funding is always crucial to any effort toward
the control or elimination of any disease. In the past four
decades of onchocerciasis control, endemic countries
relied on external financial aid from international donor
organizations. The core principle of the APOC was to cre-
ate government-supported self-sustainable community
programs. However, it is evidenced that governments of
endemic countries were often unable to offer sufficient
financial resources to their onchocerciasis projects in the
APOC era [56, 175, 176]. They even failed to do so when
the APOC came to its end in 2015 [173]. This was com-
plemented by decreased donors’ interest to support the
program [177]. The current program, ESPEN, is also not a
major funding organization. It was established to ensure
that endemic countries take ownership of their national
programs [178] and to coordinate the technical support
for the interventions of five NTDs including onchocercia-
sis [30, 73]. Inadequate funding is, therefore, a challenge
that could prevent the realization of complete elimination
of onchocerciasis in Africa.

Sustainability of CDTI necessitates continued education
and mobilization of the community, supervision, communi-
cation, and human resource capacity-building via refresher
or regular training of community leaders, CDDs, frontline
health workers, district managers, regional-level implemen-
ters, and national program managers during every round of
MDA [45]. These are continuing costs to the elimination
programs [45] that need adequate financial resources as a
proportion of health budgets [141], particularly in areas
that commenced to implement biannual mass treatments
to achieve their elimination target [9, 179]. Another critical
issue is maintaining the motivation and willingness of un-
paid and volunteer community workers who distribute the
donated drug in their communities. Low motivation and
high attrition rates of CDDs have been identified in many
endemic countries [135, 180]. Lack of incentive or remu-
neration has been identified as one of the causes [135]. The
work of CDDs is even more overloaded in the current
ESPEN with integrated interventions for NTDs [181, 182],
which might eventually diminish their performance [171].
Given the value of their role in the elimination of
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onchocerciasis, incentives have to be provided to keep
CDDs motivated to perform their job effectively [183]. It
has also been found that incentives in various forms for
community volunteers have been shown to enhance pro-
gram delivery and community participation [181, 184, 185].

Moreover, as country programs advance toward the
endpoint, it is essential to implement complete elimin-
ation mapping in previously untreated or hypoendemic
areas (which are geographically vast and hard to reach
for health services) [186] and follow the progress of
elimination efforts [187]. These two key activities de-
mand the utilization of the WHO’s recommended tools
and costly laboratory operations [179]. For example, in
the course of eliminating onchocerciasis in Uganda, the
annual cost of laboratory procedures was about United
States dollars (USD) 35 000—40 000 [177]. This might be
higher in countries that do not have their own national
molecular laboratory settings for processing samples.
Therefore, given the increased scope of elimination
activities, financial constraints remain among the chief
concerns of national programs for the elimination of
onchocerciasis in Africa [96, 173].

Recommendations to overcome the challenges and
accelerate onchocerciasis elimination

The elimination of onchocerciasis by 2025 requires the
criteria for stopping MDA to be achieved by latest 2022
[75] so that PTS can begin [188]. Countries need to
evaluate and regularly monitor their national programs
and identify the major challenges impeding the targeted
interruption of parasite transmission. Recommendations
to overcome the aforementioned challenges and sug-
gested actions to accelerate the elimination of onchocer-
ciasis by 2025 include:

e aneed for complete disease elimination mapping;

e aneed for collaborative elimination activities
between national programs;

e aneed for a different drug distribution approach in
conflict-affected areas;

e a need for routine monitoring and evaluation of
MDA programs;

e aneed for implementing alternative treatment
strategies (ATSs) in areas with elimination
anticipated beyond 2025; and

e a need for strong partnerships and continued
funding.

A need for complete disease elimination mapping

The transition from the goal of control to elimination of
onchocerciasis from all endemic areas of Africa [85] ne-
cessitates the revision of deployed approaches in order
to define the distribution of onchocerciasis [179, 189]
and thus the implementation of MDA [82]. The decision
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to implement mass treatment needs to be based on the
presence or absence of the transmission of infection
[88]. All geographic areas where sustained local trans-
mission of the parasite is likely but that were previously
excluded from control programs as nonendemic or
hypoendemic need to be mapped [127, 189]. The WHO
recommends the Ov-16 serological test [82, 88, 127] for
onchocerciasis elimination mapping to determine eligi-
bility for MDA, as this would help to detect a status of
infection and parasite transmission at a low level of en-
demicity [86, 127]. If it is proven that there is sustained
transmission of the parasite [189], programs should
implement an appropriate intervention [178, 189]. The
onchocerciasis elimination mapping, therefore, helps to
focus intervention in areas where parasite transmission
is definitely happening [89]. According to the WHO
Onchocerciasis Technical Advisory Subgroup 1lst meet-
ing report of 2018, the provisional threshold for com-
mencing mass ivermectin treatment is set at 2% Ov-16
seropositivity [82]. The Ov-16 serology for elimination
mapping offers a more sensitive indicator of infection
[190]. However, there are concerns pertaining to the tool
measuring infection and transmission as it does not
differentiate active infection from previous exposure to
infection with full certainty. It is not clear how to inter-
pret serological data from surveys in hypoendemic areas.
There are also debates among experts on the criteria for
deciding and implementing MDA. It is, therefore, neces-
sary to establish a measurable threshold to identify the
status of local transmission in hypoendemic areas by con-
sidering the tool’s test performance [127, 189]. The WHO
needs to avail a standardized onchocerciasis elimination
mapping strategy that guides national elimination pro-
grams in Africa to accomplish their disease mapping.

A need for collaborative elimination activities between
national programs

Cross-border foci will require a high degree of political,
managerial, and scientific coordination between the re-
spective parties involved to ensure complete success in
eliminating onchocerciasis [44]. National elimination
programs of neighbouring countries need to undertake
coordinated and collaborated cross-border elimination
activities [71, 92] to ensure that cross-border issues do
not affect the progress toward elimination. Key activities
that could be carried out in a collaborative manner
between national programs include: routine and con-
tinuous communication for common understanding
[126], reaching all their adjoining endemic areas of
countries with MDA, harmonizing MDA and surveil-
lance activities, and sharing of data, best practices, and
successful approaches [71, 123]. For example, cross-
border collaboration in the control of onchocerciasis in
Mano River Basin countries is exemplary in that it
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provides valuable lessons to carry out an effective MDA
for the elimination onchocerciasis and other NTDs
[123] which can be applied for other African countries
faced with cross-border transmission of infection. More-
over, routine entomological studies need to be carried
out to evaluate the risk of reintroduction of infection via
vector migration in areas where cessation of ivermectin
distribution is being considered [75].

A need for a different drug distribution approach in
conflict-affected areas

There is disruption of the population structure due to
extensive migration and resettlement in conflict-affected
areas [141]. Thus, the MDA strategy carried out in con-
flict areas needs to be different from the CDTI approach
in usual situations [74]. MDA in a conflict area could be
carried out through collaboration with local NGOs or
humanitarian organizations, whose volunteers are often
present in war zones to achieve an improved geographic
coverage of ivermectin [74]. Moreover, migrant and
displaced people need to be outreached during MDA
campaigns at their destinations via appropriate strategies
[139]. For instance, either CDDs from hosting areas
should be trained to include migrant and displaced
people during the drug distribution period or drug
distributors from among migrant/displaced people need
to be trained.

A need for routine monitoring and evaluation of MDA
programs

To interrupt the transmission of onchocerciasis, moni-
toring and evaluation of MDA impact on infection and
transmission, and evaluation of the decline in infection
levels is crucial [88]. This will help to identify areas that
are not performing well in an elimination program [88].
The WHO has published guidelines for stopping MDA
and the evidence required for verification of interruption
of transmission in 2016. The guidelines specify that
routine entomological and serological monitoring and
evaluation should occur at least every 4-5 years accord-
ing to local regional guidelines [43]. Despite this, there
are issues with the criteria for evaluating progress to-
ward elimination, which need revision. To determine
whether MDA can be safely stopped and detect a preva-
lence of less than 0.1% threshold, the 2016 WHO guide-
lines state that a sample size 1000—2000 children aged
below 10 years need to be tested [43]. However, the Ov-
16 ELISA has a sensitivity of 80% and specificity of 97%
[192]. A test with 97% specificity cannot measure 0.1%.
It is not therefore possible to reach this threshold with
the test performance (specificity) of the current diagnos-
tic tool [191]. To be successful at detecting less than
0.1% threshold needs a test that achieves greater than
99.9% specificity [191], and a large sample size is needed
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[74]. Hence, with this threshold, areas where transmis-
sion has been interrupted will fail to meet the criterion
and demand to carry on unwarranted MDA [192]. As
many national onchocerciasis programs with several
years of CDTI under their belt are now preparing to
apply this guidance, it is important that the current
threshold for MDA cessation be revised [191].

Furthermore, successful elimination of onchocerciasis
requires routine monitoring of factors that may affect
program sustainability and evaluation of progress of
CDTI interventions. Drug coverage verification surveys
need to be carried out carefully and on a regular basis
following campaigns [140, 194, 195] to identify commu-
nities with low therapeutic coverage [193, 196], and then
to enable changes to be made to MDA implementation
[140]. The participation of the community and compli-
ance to CDTI need to be monitored, and factors associ-
ated with non-compliance should be identified. Emphasis
should be given to identifying systematic non-compilers.
A community’s awareness and correct perception of
onchocerciasis and MDA is important for successful im-
plementation and sustainability of a CDTI program [197].
Community-based social research is also needed to
determine the community’s awareness and perception of
onchocerciasis [74] and other factors contributing to pro-
gram weakness [45]. Community awareness should be
sustained through consistent social mobilization and
health education [141]. Moreover, it is worth bearing in
mind that long-term use of ivermectin could induce selec-
tion pressure on the parasite genome for the occurrence
of drug resistance. This should be monitored regularly by
carrying out genetic-based studies using molecular
markers. Above all, it should be emphasized that national
elimination programs need to expand drug coverage to all
geographic areas and eligible members of communities to
achieve interruption of parasite transmission and ultim-
ately ensure disease elimination [151, 152].

A need for implementing ATSs in areas with elimination
anticipated beyond 2025

Endemic areas where it is anticipated that interruption
of transmission will occur after 2025 may require
ATSs to accelerate infection decline toward elimin-
ation [127]. These include enhanced CDTI, use of
other drugs, complementary vector control, and test-
and-treat strategies [46, 85, 139].

An enhanced CDTI (biannual or pluriannual) ap-
proach could be used to target complicated areas, for
instance, those where annual CDTI has not interrupted
transmission after a long time of treatment [127], and
those with no or only a short history of treatment [49].
A similar approach could also be followed in communi-
ties with poor ivermectin responses and areas where
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elimination activities are frequently interrupted due to
conflict and civil unrest [139].

Alternative drugs or therapies can also be applied to
areas where CDTI cannot be implemented effectively
[71, 85, 127], or in areas where program implementa-
tion is considered to be insufficient [139]. New
therapies to eliminate onchocerciasis have also been
developed [46, 139]. After decades of clinical trials
[198-200], the United States Food and Drug Adminis-
tration (US FDA) has approved moxidectin for the
treatment of onchocerciasis [201-204]. Moxidectin has
superior clinical efficacy [183, 198] and a better safety
profile compared to ivermectin [46, 200]. This could
potentially improve a community’s participation during
MDA, particularly regarding systematic non-compliers
[205]. If made available to endemic countries, moxi-
dectin could help to accelerate the progress toward
onchocerciasis elimination [204], including in those
areas with suboptimal responses to ivermectin [200].
Another alternative antibiotic targeting Wolbachia en-
dosymbionts of O. volvulus could also be used within
test-and-not-treat strategies [46], primarily in areas co-
endemic with loiasis [206]. This can be achieved using
doxycycline, which is currently the only usable macro-
filaricide [207]. Vector control, using WHO approved
and environmentally safe insecticides [188], is also a
known alternative strategy for eliminating the black fly
or reducing its density to levels where the disease is
eliminated [208]. Therefore, localized vector control
could be considered in high-transmission settings
where MDA alone is not sufficient to interrupt trans-
mission of the parasite [49] and areas where onchocer-
ciasis is co-endemic with loiasis [85]. The WHO/
APOC guide for decision making and implementation
of vector control as ATSs for elimination of onchocer-
ciasis (WHO/MG/15.22) also recommends the imple-
mentation of vector control as an alternative strategy
to accelerate the elimination of onchocerciasis [188].

A need for strong partnerships and continued funding
The successes of previous control programs can be, at
least partly, attributed to strong partnerships among dif-
ferent stakeholders, including: international donors; the
WHO, with its technical guidance and support; Merck
pharmaceutical, with its donation of Mectizan® and all
importation costs covered; governments of endemic coun-
tries; NGOs working closely with governments of endemic
countries, in terms of their financial and technical
support; and communities. All these bodies and groups
contributed to the elimination of onchocerciasis as a pub-
lic health problem in endemic areas of Africa [178].

The relevance of strong partnerships and a range of
donors remains vital [209]. The current ESPEN needs to
work collaboratively with major international funders as
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well as with other stakeholders to maintain the achieve-
ments of previous programs, and to offer both technical
and financial support to eliminate onchocerciasis [74].
Governments of endemic countries and their NGO
partners need to take full ownership of their national
elimination programs by allocating and mobilizing ad-
equate resources for the intended goal. A strong com-
mitment is compulsory from volunteer CDDs, frontline
health workers, and beneficiary communities to reach
the last mile.

Conclusions

Great strides have been made over the past decades to
control and eliminate onchocerciasis in Africa through
devoted regional programs, which have been largely
successful in most endemic countries. Elimination of
onchocerciasis as a disease has also been achieved in
limited localities in Africa, and this has provided opti-
mism for a complete elimination of the disease from the
rest of Africa by 2025. However, there are numerous
challenges that hinder the existing efforts to eliminate
onchocerciasis from Africa. The major challenges in-
clude an incomplete mapping of all transmission zones,
co-endemicity of onchocerciasis and loiasis, possible
emergence of ivermectin resistance, uncoordinated
cross-border elimination efforts, conflict and civil unrest,
suboptimal program implementation, and technical and
financial challenges.

It is, therefore, recommended that the impact of those
and other challenges be identified in each national
onchocerciasis elimination program, and appropriate
measures be implemented to accelerate the elimination
of onchocerciasis. Some recommendations to overcome
the aforementioned challenges and suggested actions to
accelerate the elimination of onchocerciasis by 2025
include: a need for complete disease elimination map-
ping, a need for collaborative elimination activities be-
tween national programs, a need for a different drug
distribution approach in conflict-affected areas, a need
for routine monitoring and evaluation of MDA pro-
grams, a need for implementing ATSs in areas with
elimination anticipated beyond 2025, and a need for
strong partnerships and continued funding.
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