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Abstract: Onchocerciasis is a parasitic infection caused by the filarial nematode
Onchocerca volvulus and transmitted through the bites of black flies of the genus Similium
that breed in rivers and streams. The impact of mass treatment with ivermectin and
supplemented by vector control in some countries has changed the global scene of oncho-
cerciasis. There has been reported progress made in elimination of onchocerciasis in central
and southern American countries and in some localities in Africa. The target for elimination
in the Americas has been set at 2022 while for 12 countries in Africa this is expected in 2030.
This review was conducted to examine the current status of onchocerciasis elimination at the
global level and report on progress made. Literature searches were made through PubMed,
articles in English or English abstracts, reports and any other relevant articles related to the
subject. The global burden of onchocerciasis is progressively reducing and is no longer
a public health problem in some regions. However, programs are challenged with a range of
issues: cross-border transmission, diagnostic tools, Loa loa co-endemicity, limited workforce
in entomology and maintaining enthusiasm among community drug distributors. More
concerted effort using appropriate tools is required to overcome the challenges.
Keywords: onchocerciasis, ivermectin, vector control, elimination, progress, challenges

Introduction

Onchocerciasis is a parasitic infection caused by the filarial nematode Onchocerca
volvulus and transmitted through the bites of black flies of the genus Similium that
breed in rivers and streams." In 2019, World Health Organization (WHO) estimated
that 217.5 million people globally require mass drug administration with
ivermectin.” More than 99% of all onchocerciasis cases are in sub-saharan Africa,
but some small foci also occurred in the Americas and in Yemen.> The infection
causes skin lesions, severe itching, eye disease, including visual impairment which
can lead to blindness; hence, the common name, ‘river blindness’*

The development of various partnerships to defeat onchocerciasis as a public
health problem in Africa can be traced back to the 1940s,” but a comprehensive
plan was not formulated until 1968. By 1972, the international development com-
munity was mobilized to fight the disease. Onchocerciasis control on a large scale
began in 1974 in West Africa as a regional project under the auspices of the World
Bank, Food and Agriculture Organization (FAO), United Nations for Development
Progamme (UNDP) and World Health Organisation (WHO), known as the
Onchocerciasis Control Program (WHO-OCP). At that time vector control with
environmentally safe insecticides was the only available approach.® The program
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area covered 1,200,000 km?® to protect 30 million people
across 11 countries from river blindness, namely Benin,
Ghana,
Guinea, Mali, Niger, Senegal, Sierra Leone and Togo.®

Burkina Faso, Coéte d’Ivoire, Guinea-Bissau,
The estimated total cost of the program was USD
550 million, which was less than 1 USD per year for
each protected person.” The global benefit of the WHO-
OCP operations prevented almost 600,000 cases of blind-
ness, protected 18 million children born in the controlled
areas from the risk of river blindness, and brought
25 million hectares of land that was infested by black
flies under cultivation. WHO-OCP demonstrated the vital
role-played by this operation and its socio-economic
impact in remote and neglected areas.” These operations
involved international developmental partners and the
regional endemic countries with little engagement of the
community-level efforts.

Although the WHO-OCP was successful, it was considered
expensive and had technical challenges of insecticide resis-
tance and black fly migration across the borders.® However,
following the registration of ivermectin for human use in 1987,
its unprecedented donation by Merck & Co. Inc. in 1987,
ivermectin become the mainstay for the treatment of oncho-
cerciasis. The discovery, development and use of ivermectin
for the treatment of onchocerciasis were the effort of William
Campbell of Drew University in Madison, New Jersey, and
Satoshi Omura of Kitasato University in Tokyo who were
recognized with a Nobel Prize in 2015.°

Following the ivermectin donation announcement, by 1990
Ecuador, Guatemala and Mexico had already undertaken field
trials in ivermectin distribution. In Guatemala, the program
was supported by various partners including the United States
Centers for Disease Control and Prevention (CDC)."° During
that time, countries like Brazil, Colombia and Venezuela had
no active program to distribute ivermectin. However, in 1991
the  first
Onchocerciasis by experts on the disease discussed new oppor-

regional Inter-American  Conference on
tunities for controlling or eliminating onchocerciasis. The Pan
American Health Organization (PAHO) steered the meeting in
response to the call on the feasibility of eliminating onchocer-
ciasis using ivermectin in some parts of Africa and the
Americas.'" The Onchocerciasis Elimination Program for the
Americas (OEPA) was established in 1993 with the goal of
eliminating onchocerciasis transmission in the region. Its strat-
egy was six-monthly mass distribution of ivermectin with
a target coverage of 85% of the eligible population, although
ivermectin has been distributed up to four times per year in
some areas.'> According to its regional resolution and strategic

plan, elimination of onchocerciasis transmission is anticipated
by 2022.*!* PAHO then developed the first onchocerciasis

1'® and these formed

elimination verification guidelines in 200
the basis for the strategy later adopted by most African
countries.

The first description of onchocerciasis in the Yemen was
from the early 1940s when Petrie and Seal'®'” reported the first
onchocerciasis case associated with a type of dermatitis,
referred to as “blue skin disease” among people in southern
Yemen. The presence of a clinical presentation of dermatitis
attributed to onchocerciasis was reported from the north of
Yemen, which was called “sowda” by local populations due to
the darkened skin appearance.'®! Onchocerciasis is now
known to be endemic in 33 Districts in eight Governorates in
the Western Region of Yemen, where it occurs along the wadis
that drain westward to the Red Sea.'® It is thought to be absent
further east, but this has yet to be confirmed. Despite the
incrimination of S. damnosum s.1. as the vector of O. volvulus
in Yemen, little is known about its breeding sites, behaviors
related to disease transmission, feeding habits and biting
rates.”° Prior to the advent of ivermectin in 1987, treatment
of onchocerciasis in Yemen was by Diethyl-carbamazine and
suramin that were used on an individual basis but were not
appropriate for Mass Drug Administration (MDA).>!
A national action plan to eliminate the disease was developed
in 2010, but social unrest and political instability in the country
since 2011 have hampered the full implementation of the road
map.** The first pilot MDA was launched in 2016; this was
followed by full MDA in 2018.”

The African Programme for Onchocerciasis Control
(APOC) was launched in 1995 with the objective of controlling
onchocerciasis as a public health and socio-economic problem
in the 19 participating countries in Africa.® In 1997, it adopted
Community-Directed Treatment with Ivermectin (CDTI) as its
core strategy and coverage and compliance steadily
increased.”* This strategy was important because endemic
communities were empowered to determine timing of distribu-
tion, select their distributors, agree on mode of distribution and
participate in supervision of MDA. In 2009 under the auspices
of APOC, an international group of experts convened to review
the state-of-the-art of onchocerciasis elimination in Africa with
current tools and there resulted a paradigm shift from control to
elimination.” Following this, APOC developed the conceptual
and operational framework for onchocerciasis elimination with
ivermectin treatment to guide endemic countries in implement-
ing elimination activities.”® APOC closed at the end of 2015.
By the time of its closure, more than 25 million people lived in
areas where few or no people had microfilariae in their skin®’
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and onchocerciasis-related blindness in most parts had been
controlled. Models suggested that APOC had saved
17.4 million DALY, at a cost of USD 27/DALY?® and country
programs distributed >112 million treatments in the final year
of the program. In order to maintain and build on the success
of APOC, WHO in 2016 established a new structure, the
Expanded Special Project for Elimination of Neglected
Tropical Diseases (ESPEN), to co-ordinate technical support
for activities focused on five neglected tropical diseases in
Africa, including onchocerciasis elimination.*® Globally, the
onchocerciasis elimination effort being made is improving the
general quality of life of the population and achieving
Sustainable Development Goals (SDGs).>' However, pro-
grams are challenged with a range of issues: cross-border
transmission, diagnostic tools, Loa loa co-endemicity, limited
workforce in entomology and maintaining enthusiasm among
community drug distributors. Development of new tools to
tackle these challenges are needed, and this paper will review
progress so far made, describes where we are as of 2020 and
highlights key challenges associated with onchocerciasis
elimination.

Onchocerciasis Elimination

Strategies

The basic elimination strategy has been MDA supplemented
by vector control in some countries, and the proof of principle
that MDA alone can eliminate onchocerciasis in Africa was
demonstrated in Mali and Senegal, and the Joint Action Forum
of APOC endorsed the results.”> The momentum to steer
elimination led to the development of WHO guidelines in
2016 which was a modification of guidelines from
PAHO.">*? Both ESPEN and WHO NTD Department in
Geneva continue to support programs in Africa with technical
advice. However, ESPEN is not able to provide direct advice
on the same scale as APOC partly due to funding constraints
and to the move to increase in the responsibility of individual
endemic countries to plan their own programs. To fill this gap
in technical input, the Ministry of Health of each endemic
country establishes its own onchocerciasis elimination expert
advisory committee to apply and adjust WHO Guidelines, to
recommend best practices, to review progress towards elim-
ination, and to provide technical support.*

The process leading to elimination starts with mapping of
onchocerciasis and instituting MDA with ivermectin (phase 1),
followed by monitoring and evaluation. Stopping-MDA sur-
veys use entomological evaluation of black flies and epidemio-

logical assessments of children using serology.’*** If

successful, CDTI is stopped and the onchocerciasis-endemic
area moves into Phase 2 (Post-Treatment Surveillance — PTS)
for 3—5 years. Entomological surveillance is then used to
confirm the elimination of transmission and progression of
the endemic area into Phase 3 (Post-Elimination
Surveillance — PES), with permanent cessation of treatment.
There will be further occasional surveys during phase 3, until
regional elimination is declared to ensure that recrudescence or

re-establishment of infections do not occur®” (Figure 1).

Mapping of Onchocerciasis

During the APOC era mapping for onchocerciasis was by
Rapid Epidemiological Mapping of Onchocerciasis (REMO),
a tool developed by Ngoumou et al.** REMO allowed the
mapping of most endemic countries according to the preva-
lence of palpable nodules, categorizing communities as hyper-,
meso- and hypo-endemic. During that time ivermectin treat-
ment was prioritized by APOC in areas with nodule prevalence
>20% and microfilaria prevalence >40% leaving out the hypo-
endemic areas on assumption that the disease was not of public
health significance and that transmission was not self-
sustaining in such areas and hence it would disappear without
intervention, but this was never proven. With the paradigm
shift from control to elimination,® the issue of hypo-endemic
zones became of concern and it was demonstrated in
Cameroun that self-sustaining transmission can occur in
hypoendemic areas.*” This is an important issue for onchocer-
ciasis elimination. The Onchocerciasis Technical Sub-group
(OTS) of WHO and ESPEN have developed Onchocerciasis
Elimination Mapping (OEM) to guide endemic countries
ensure that during the scaling up of MDA to hypo-endemic
zones, no onchocerciasis-endemic district is left behind. 3%
All those areas previously excluded from onchocerciasis con-
trol because they had been defined as hypo-endemic must now
be reassessed to determine the precise area over which onch-
ocerciasis is endemic. Data collected during elimination map-
ping will feed directly into the ESPEN data portal, in
accordance with agreements reached between ESPEN and
the relevant Ministries of Health.> This has been an innovation
because maps and underlying datasets for all the five PC-NTDs
are made available at both implementation unit and site levels.

Interventions
Mass Drug Administration with

Ivermectin
Ivermectin has been the main tool in the fight against
onchocerciasis,”® in most programs, it is delivered to
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communities once a year, usually by CDTL*' In Africa,
the targeted therapeutic coverage for MDA was >65% and
geographical coverage of 100% of the meso- and hyper-
endemic areas.*> However, with the shift from control to
elimination, therapeutic coverage target was adjusted from
>65% to >80% so as to meet the criteria for elimination,
and 100% geographic coverage in all endemic areas.”®

The OEPA adopted ivermectin MDA twice or four times
per year, with at least 85% coverage of the eligible population
in all endemic communities. The Ministry of Health person-
nel conducted MDA. All individual foci were subjected to the
three phases of elimination® before a request was made to
WHO for verification of elimination across a country.***

In Africa, the adoption of an elimination strategy
occurred in 2009.%¢ Shifting the target from control to elim-
ination made countries in Africa to refocus their strategies
based on the local epidemiological situation.”> Some coun-
tries (Uganda, Nigeria, Ethiopia) changed the treatment regi-
men from the annual to bi-annual. The decision to change
treatment strategy was made by the National Oncocerciasis
Elimination Committees (NOEC) of each country.33 Ina few
exceptional cases, where progress towards elimination has
been problematic, further increases in frequency of MDA
have been introduced. For example, Ethiopia adopted four
times/year ivermectin treatment in part of one focus
(Matema) bordering Sudan. Stop MDA evaluation identified

a hot spot of ongoing transmission that was the result of low
MDA coverage. MDA was stopped throughout most of the
foci, except within the hot-spot where it was increased to
speed-up elimination and to protect the rest of the foci from
reinvasion by the parasite. In 2018, South Sudan introduced
bi-annual treatment in Maridi County, Western Equatoria,*®

and this decision was made based on the local situation.*’

Vector Control
Historical and recent efforts for black fly control have relied
on treating breeding sites with larvicides.**** When APOC
was launched in 1995, one of its objectives was to support
vector elimination in geographically isolated areas.® Two
foci supported by APOC in Equatorial Guinea (Bioko
focus) and Uganda (Itwara focus) were successful.’®>' In
Bioko, S. yahense was eliminated in 2005 by aerial spraying
with the organophosphate insecticide temephos (Abate
EC200), while in Uganda S. neavei that lives in phoretic
association with freshwater crabs, P. aloysisabaudiae, was
also eliminated in 2003 by ground larviciding. The experi-
ences of ground larviciding motivated the Uganda program
to subsequently eliminate S. neavei from Mt. Elgon,
Kashoya-Kitomi and Mpamba-Nkusi foci.**->*3
Anti-vector activities in other African countries have
been considered in support of CDTI where there were
exceptional problems and progress towards elimination
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has been slow but so far none have been instigated, largely
because larviciding is too resource-hungry. However, other
sorts of anti-vector approaches are being actively
researched. The Esperanza Window Trap (EWT) was ori-
ginally developed in Mexico to replace human landing
collections (HLCs) for monitoring the transmission of
O. volvulus in elimination programs.>*> Tt consists of
a vertical blue and black striped sheet with a sticky surface.
The black fly vectors are attracted to the colour pattern, but
it is also baited with carbon dioxide (released by yeast
fermenting a sugar solution) and dirty socks or trousers
(which seem to release unknown chemo-attractants). In
Mexico and Guatemala, EWT evaluations were conducted
to see if it can reduce biting rates around schools and
households in Las Golondrinas and Jose Maria Morelos
located in Southern Chiapas. The traps collected epidemio-
logically significant numbers of Simulium ochraceum s.1.>°
Similarly, in Africa, the EWT was evaluated in Burkina
Faso against S. damnosum s.1.°>" and in Tanzania against
S. plumbeum in the Mahenge focus.’® Results were gener-
ally good, and in many cases, the EWT catch was more or
less equivalent (or better) than HLCs, but the performance
was inconsistent between some sites, and this was also
found to be the case in small-scale trials in Sierra Leone
(Post, unpublished data). The variation has been difficult to
explain but may have been related to the vector cytospecies
and/or the exact placing of the trap. The most recent and

extensive evaluations on EWTs are being undertaken in
Madi mid-north focus located in Northern Uganda. The
EWT has been optimized during studies along River
Ayago in northern Uganda and has resulted in reduction in
vector biting rates.’® Adjustments of the size of the black
stripe in the middle (Figure 2, Panel B) of the trap was
observed to improve the EWT catches significantly com-
pared with the standard trap®(Figure 2, Panel A). EWTs are
showing promise as an additional anti-vector strategy in
accelerating onchocerciasis elimination in areas with high
vector density. Similarly, a modified biconical Challier-
Laveissiére tsetse fly traps have been shown to perform
well as HLCs in some localities, but not others.®! Further
development and evaluation of EWT is required before it
could replace HLCs.

Another recent development in potential novel vector con-
trol is “Slash and Clear”. This involves the removal of vegeta-
tion from S. damnosum s.1. breeding sites to reduce the number
of larval supports, in the hope that this would have the knock-
on effect of reducing the vector biting rates. It had previously
been tried in the Democratic Republic of Congo (then Belgian
Congo) in 1942-44, South Sudan (then Sudan) in 1983 and
Malawi in 1992.%% All these projects showed some reduction in
populations of S. damnosum s.1., but they were never followed
up until recent and more systematic studies in Uganda which
have shown that the approach has great promise. Slash and
Clear has been evaluated in Madi mid-north focus in Northern

Figure 2 Standard black stripe Esperanza Window Trap (A) and the modified narrow black stripe EWT (B).
Notes: Reproduced with permission from Vector Control Division, Ministry of Health Uganda, Slash & Clear Project, 2018.
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Uganda, and a dramatic reduction in daily vector biting rates
was observed.®® This result implies that during the trial, the
experimental area was not subject to vector reinvasion and that
most of the biting black flies were breeding locally. This
inference is supported by the observation of local variation of
chromosomal polymorphisms in the vector larvae in the same
area (Post, unpublished). It is at the moment unclear the extent
to which Slash and Clear might be applied in other geographi-
cal situations and other vector cytospecies.

Slash and Clear, and EWTs are available alternative vector
control strategies that should be considered to minimize cost of
larviciding and mitigate the risk of insecticide resistance.**%>

The dynamics of transmission of O. volvulus indicate that
transmission intensity is strongly affected by the rate of host-

vector contact,()("67

and reducing vector densities can be an
effective method of suppressing transmission.”® However,
based on Bayesian data-driven mathematical modeling
approach, supplementing annual drug treatments with “Slash
and Clear” can significantly accelerate the achievement of
onchocerciasis elimination. This intervention is not very sen-
sitive to the timing of implementation, and the impact is
evident even if vegetation is cleared only once per year.
Therefore, this community-driven technique shows promise
as a cost-effective option for achieving and sustaining
O. volvulus elimination.®” The strategy is community-driven
because of their involvement in planning, implementation,
supervision of the slash activities and participating in data
collection (human landing catches).

Diagnostic Tools in the

Onchocerciasis Elimination Era

There is now a global momentum to eliminate onchocerciasis
under the WHO Neglected Tropical Diseases road map,”® and
this led to the development of new guidelines by the World
Health Organization for verification that transmission has been
suppressed and eventually eliminated.** These guidelines are
expected to be revised by WHO in 2020, but it is clear that
progress towards onchocerciasis elimination effort would ben-
efit enormously by newer, more sensitive and specific diag-
nostic tests to verify that transmission of infection has been
suppressed or interrupted.”’ Elimination programs can use the
following:

Serological Test to Detect Exposure to

O. volvulus
Currently WHO guidelines have recommended Ov16 ELISA
for demonstrating the interruption of transmission of O.

volvulus in all elimination programs.* The serological thresh-
old for stopping MDA is an Ov16 antibody prevalence of
<0.1% among children aged 5-9 years (inclusive) who act as
sentinels for recent infection. The test being currently used by
most countries such as Uganda has a sensitivity of around 40%
and there are arguments by experts about whether the current
<0.1% threshold is too stringent and an Ov16 threshold of <2%
might be sufficient.”> However, this is as yet unproven in the
field. The IgG4 response takes time to develop and thus will
not immediately reflect recent exposure, yet the current assays
have focused on detection of IgG4. There are also test cards
that consist of either a single IgG4 rapid test or a combination
test utilizing Ov16 and the W, bancrofti antigen Wb123.%7*
The sensitivity of the Ov16 RDT single test is 81.1% and the
Ov16 test line of the biplex test is 81.3%.”° The specificity is
listed at 99.0% for the single Ov16 RDT test and 100% for the
biplex test’®. The Ov16 RDT was successfully field tested in
Senegal’” and has been extended to a number of other African
countries and the results are yet to be published. However,
according to recommendations from WHO-OTS, the Ov16
RDT on eluted dry blood spots in the laboratory (ie, not using
fresh blood in the field) can be used for mapping and
Monitoring & Evaluation (M&E) surveys. There are studies
planned to evaluate RDTs effectiveness in Stop-MDA surveys,
and the different Ov16 ELISA systems need to be properly
compared and evaluated.

Detection of Parasites in Black Flies by

Pool-Screening

The vectors of O. volvulus are various species of black flies of
the genus Simulium. The successful interruption of transmis-
sion of onchocerciasis implies the absence of parasites in
vectors as well as people, and is the most sensitive measure
of the interruption of transmission.>? Black fly vectors caught
by HLCs are not normally tested for infective larvae of
O. volvulus by dissection, because of the difficulty in the
microscopic separation from Onchocerca species of animal
origin (especially O. ochengi). The O-150 PCR DNA amplifi-
cation assay applied to vector heads is the most widely used
assay to detect infective vectors, and this is usually applied to
pools of heads of flies to verify elimination of transmission.
The current WHO guidelines call for testing sufficient numbers
of flies to ensure that the upper bound of the 95% CI of the
prevalence of flies carrying infective larvae is less than 0.05%
(1/2000). Meeting this criterion requires testing at least 6000
flies from the endemic area, and having all test negative.*>’®
Once a focus meets this criterion (along with the Ov-16
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criterion), MDA can be suspended in a focus. This is followed
by monitoring for 35 years and this is called PTS. The O-150
PCR has been widely applied to collect entomological data
verifying elimination of transmission in a number of foci, for

78,80 and

example, Mexico, Guatemala, one focus in Sudan
a Sudan-Ethiopia cross-border focus.®" The cost to process
asingle pool of 100 flies is US$ 6.90 per pool.* This technique
has been successful apart from challenges associated with
collecting sufficient vectors and choosing a suitable geogra-
phical assessment unit.

Anunderstanding of the seasonality of rivers, vector breed-
ing sites and the numbers of biting flies is essential to collect
sufficient number of flies; and vector collection sites must be
representative of the whole assessment area. Davies et al®
earlier reported that annual climatic changes, especially well
marked wet and dry seasons, have associated biting patterns. In
the savannas of West Africa (Sierra Leone) with severe drought
seasons the biting of S. damnosum s.1. almost ceases for several
months, resuming again with the coming of rains and re-
establishment of extensive breeding sites in the rivers; biting
is heavily concentrated in the wet season. Seasonality also has
influence on vector species composition, competence and
transmission patterns. The problem of collecting sufficient
numbers of flies using HLCs might be resolved by the recent
development of EWT platform demonstrated in Mexico and
Uganda®-®,

The choice of assessment unit is problematic and WHO
recommends that Transmission Zones (TZs) should be used.
TZs are defined as “a geographical area where transmission of
Onchocerca volvulus occurs by locally breeding vectors”.*>%4
This has worked well in South America'? and Uganda® where
TZs are fairly small and well separated from others. However,
this is very problematic in much of Africa because there are
often no obvious gaps in the distribution of infections which
might indicate TZ boundaries. Most countries either use river
basins as surrogates for well-defined TZs, or use administrative
areas (often Districts, but States in the case of Nigeria) for
convenience, which they then consider in the light of local
hydrology®® This stems from lack of knowledge of fly move-
ments and dispersal of parasites. The minimum of 6000 flies to
be screened is to give statistical validation,®” but it assumes that
the area from which the flies have been drawn is uniform.
Therefore, countries are sometimes forced to adopt ad-hoc
solutions to this general problem.

Detection of Parasites in Humans
The method of detecting microfilariae in humans has been skin
snip microscopy, and this has been recognized as highly

specific but poorly sensitive and painful to the affected
communities.*”* To address the problem of sensitivity, skin
snip can be replaced with detection of PCR-amplified parasite
DNA. Most of these assays target the tandemly repeated
sequence in the O. volvulus genome called the O—150 repeat.
Real-time PCR and isothermal loop amplification (LAMP)
assays have also been developed.*® Currently, the qPCR-
0-150 assay was proved to be more appropriate for evaluating
skin snips of Ov-16 positive children when deciding when to
stop MDA.”® A novel O-5S gqPCR assay targeting the
O. volvulus O-5S rRNA gene had 100% specificity and proved
more sensitive than O-150 gPCR assay.”’

There has been further development of infection assays
using parasite-specific metabolites that are produced by
the female worms, including a neurotransmitter excreted
and microRNAs
blood.”>** All these showed promise, but the neurotrans-

in host urine’? in the peripheral
mitter detection system was unsuitable for large-scale use
and the parasite microRNA may not be present in suffi-
cient concentration for easy detection.””

Progress Towards Elimination

The Legacy of WHO-APOC in Africa

At the inception of APOC in 1995, the population at risk with
onchocerciasis in Africa was 120 million, those infected
17 million, 800,000 were visually impaired, 270,000 blind
and approximately 6.4 million people with severe skin
conditions.”® The objective of APOC was to control oncho-
cerciasis as a public health problem, because at that time it
was thought that in an African setting mass treatment with
ivermectin was unlikely to achieve elimination. In 2010, the
objective was changed to elimination of transmission follow-

7 and in

ing the results of studies in Senegal and Mali,
Nigeria' which indicated that mass treatment with ivermectin
might eliminate onchocerciasis in Africa. When APOC
closed in 2015, new structures were developed to achieve
elimination in the endemic countries, but APOC had already
set the scene'' and made progress towards elimination in
Africa by sponsoring REMO assessments to map hypo-
endemic areas and extension of CDTI. By 2015, the loss of
an estimated 19 million disability-adjusted life years
(DALYs) had been averted by APOC countries, which repre-
sented an 80% reduction in DALY loss due to onchocerciasis
in those countries,” and it has been argued that throughout
most of Africa onchocerciasis may have been eliminated as
a public health issue.”® Thus, APOC had achieved

a remarkable and widespread reduction in lost DALYS and
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started Africa on the road to elimination. However, in the five
years since adopting the objective of elimination, there were
only a few endemic countries (Uganda, Sudan) where trans-
mission had been suppressed and MDA stopped, but no foci
had entered into Post-Elimination Surveillance by 2015.%
This is not altogether surprising given the time-scale, but
APOC had also achieved cost-effective vector elimination
in two geographically isolated foci (in Equatorial Guinea and

Uganda) and thus eliminated transmission.**"

Current Status of Onchocerciasis

Elimination in Africa
Most of the endemic countries in Africa have adopted an
elimination policy and have formed onchocerciasis elimination
expert advisory committees as required by the 2016 WHO
guidelines.**** Elimination of transmission is expected to
avert the loss of 4.3-5.6 million DALYs over 2013-2045
when compared with the control mode, and also reduction in
the number of community volunteers and health workers.'® In
the long-term elimination is the only certain sustainable option,
and is cost-effective. The total number of people treated in the
region has increased by 6 million to 151.2 million; and at least
15 countries had achieved 100% geographical coverage by
2018.2 In spite of this progress, no country in Africa has yet
been verified by WHO as free of the disease, and by 2018 there
were still more than 15 million people living in districts in
various countries where MDA was required but had not yet
been started. It is not surprising that some of the ex-OCP
countries are amongst those instigating elimination programs,
because some have areas which were not included in OCP
operations, for example, the southern part of Ghana (forested),
or they received insufficient treatment due to civil unrest
(Sierra Leone). However, there have also been some surprising
problems of transmission in areas which had been subject to
sustained vector control by OCP and should have been cleared
of parasites. There has been a recrudescence of transmission in
South West Burkina Faso,'®! but this was discovered and
brought under control by MDA with ivermectin. Similarly,
there are also areas of ongoing transmission in Mali, which
are also now under MDA. It is not clear whether these recru-
descences are the result of transmission of an endemic popula-
tion of parasites which had survived OCP operations, or
a result of immigration of parasites from other non-OCP
areas. But what is clear is that the countries have instigated
appropriate actions.

In Africa, the Abu Hamed focus in Sudan, which had
predominantly the severe form of skin disease sowda or

lichenified onchodermatitis, was the first focus in Africa to
have successfully completed the entire WHO-recommended
process to confirm elimination.”” Furthermore, Sudan and
Ethiopia have stopped MDA and progressed to PTS in colla-
boration with each other in the Metema-Galabat focus which
straddles the Ethiopia-Sudan border.*” Uganda has also made
remarkable progress since launching its onchocerciasis elim-
ination policy in 2007. Elimination has been based on twice-
yearly treatment supplemented by vector control/elimination.
By 2019, onchocerciasis had been eliminated from 8§ out of the
17 foci in Uganda and over four million people living in these
districts are no longer at-risk. This is the largest protected
population currently known under WHO elimination
guidelines.'** This provides further evidence that elimination
of onchocerciasis in Africa is possible,'* and according to the
new WHO NTD road map 2021-2030 12 countries are
expected to achieve complete elimination by 2030.'*

Current Status of Onchocerciasis

Elimination in Yemen

Yemen is the second country after Sudan in the WHO Eastern
Mediterranean Region (EMRO) which is endemic for oncho-
cerciasis, and there are currently 33 endemic Districts. MDA
with ivermectin was conducted from 2001 to 2013 with the
objective of eliminating Sowda, but in 2013, the country
adopted a national plan to eliminate onchocerciasis.'” In
2016 Yemen piloted an MDA campaign and treated 162,000
people with support from End Fund and Schistosomiasis
Control Initiative. There was implementation of MDA in
Yemen where 550,131 people were treated with good results
(87.5% therapeutic coverage) despite experiencing instability.”
Exclusion and elimination mapping is underway and opera-
tional research is planned to develop a treatment plan which
takes into account the country’s unique and difficult geography.
Progress is surprisingly good in the face of ongoing armed
conflict?? The first meeting of the Yemen Onchocerciasis
Expert Committee was held in February 2020.

Current Status of Onchocerciasis

Elimination in the Americas

Tremendous progress has been made by OEPA where
onchocerciasis transmission has been eliminated in 11
out of the 13 foci, and four out of six endemic coun-
tries have been verified as eliminated by WHO'?
(Figure 3). The first was Colombia in 2013,'%® fol-
lowed by Ecuador in 2014, Mexico in 2015 and
Guatemala in 2017.' A total of 538,517 people are
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no longer at risk of onchocerciasis and there has been
a 95% reduction in the target population.'> However,
the program is now grappling with the Yanomami
focus where a population of 33,746 by 2018 is still at
risk of the disease in the rain forest highlands which
form the watershed between the Amazon and Orinoco
river basins. The population in this focus is highly
mobile and difficult to access requiring collaborative
effort from Brazil and Venezuela. The program’s con-
certed effort has been the use of helicopter/aircraft to
reach remote areas, use of 4 times/year ivermectin
treatment, training of indigenous health agents, sharing
data and information aimed at interrupting transmission
of onchocerciasis in this remaining focus.>'? Progress
is extremely good but new endemic communities are
still being found (Table 1).

Onchocerciasis Elimination
Challenges

Tremendous progress has been made towards the global
elimination of onchocerciasis based on the current avail-
able data.” Some potential improvements in approaches
and technology have already been discussed above, but
there are other challenges that directly threaten elimination
effort. These challenges are likely to delay the achieve-
ment of elimination as outlined below:

\_J

1 Oaxaca
2 North Chiapas
1 3 South Chiapas

MEXICO ©2

Conflict and Civil Strife

This has affected the implementation of ivermectin MDA
activities leading to anticipated delayed achievement of
disease elimination. For example, DRC, South Sudan,
Central Cote
d’Ivoire'*”'%® have had their annual geographic and ther-

African  Republic, Angola and
apeutic coverage rates affected. In DRC, inspite of con-
tinued fighting in eastern part of the country treatment
coverage increased from 2001 to 2012 but they still did
not reach the planned target.'” Involvement of relief
organizations or armed personnel in MDA are options to

be considered.

Loa Loa Co-Endemicity

The biggest obstacles to onchocerciasis elimination in
countries where loasis occurs is that the expected treat-
ment threshold required for elimination cannot be
achieved due to fear of severe adverse events. Usually,
people with high microfilarial loads of Loa loa are those
who suffer severe and occasionally fatal encephalopathy
reactions.''®!"" In DRC, 14 people died in 2004 and this
led to the temporary suspension of MDA.” Improvements
in handling these severe adverse events resulted from the
implementation of the Rapid Assessment Procedures for
Loasis (RAPLOA) mapping tool''? all over APOC coun-

tries, the utilization of the loascope''” and the ‘Test and
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ﬁ WHO verified elimination of the disease.

Figure 3 Distribution of onchocerciasis in the Americas, 2017.
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Notes: Reprinted from Sauerbrey M, Lindsay JR, Richards FO Jr. Progress toward elimination of onchocerciasis in the Americas. Int Health. 2018;10:i71-i78, by permission of

Oxford University Press.'?
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Not Treat’ strategy.''* These new developments are antici-
pated to increase number of persons who can be safely
treated.

Cross-Border Transmission

This has remained a big issue as countries strive to achieve
NTDs.''?
Uncoordinated MDA across common borders have created

elimination of onchocerciasis and other
problems in geographical and therapeutic coverages lead-
ing to sustained onchocerciasis transmission in a number
of countries.''® For example, while Uganda has made
great strides in the elimination of onchocerciasis, the last
two foci to be eliminated are both cross-border between
Uganda and DRC and South Sudan, respectively. Efforts
to foster collaboration commenced in 2013, and this has
registered some successes such as elimination of oncho-
cerciasis in Bwindi focus through joint efforts of Uganda
and DRC but has also met some challenges including
language, logistics and insecurity to allow expedited joint
implementation.''” Other collaborations in Africa like the
Mano River Union are expected to provide good structures

for Neglected Tropical Diseases collaboration.'"”
International collaborations to eliminate onchocerciasis in

cross-border foci need to be given due attention.

Diagnostic Tools for Elimination

As most programs transition from control to verification of
elimination, one of their main challenges is how their
diagnostic needs will change. Verifying suppression and
interruption of transmission in the context of the current
WHO guidelines®” is important for programs. A good
diagnostic test should be able to prove that infection no
longer exists. In the absence of a highly specific test, most
positive results are likely to be false positives, and the
positive predictive value of the test will be very low. To
minimize the number of false-positive results the number
of people sampled can be increased to compensate for
decreases in sensitivity.''® There are still outstanding
issues on what type of serological Ov16 ELISA country
elimination programs should adopt for decision-making.
However, WHO-OTS has been providing guidance and
encouraging further evaluations of diagnostic kits.**

Entomological Workforce

One of the criteria for verification of onchocerciasis elim-
stop MDA
assessment.’” This extends further to PTS that involves

ination and involves entomological

collection of flies and processing them by poolscreening;

and the role of an entomologist or entomological techni-
cians are vital. Most programs have inadequate or no
entomological workforce to guide such important program
activities. WHO-OTS recommended programs to address
gaps in entomological staffing>* The WHO Vector
Control response 2017 also guides countries to build vec-
tor control capacity to enhance faster progress towards
elimination.*’

Motivation of Community Volunteers
Elimination can only be achieved when the program can
attain not less than 80% treatment coverage; and the
role of community drug distributors (CDDs) are critical.
Maintaining the motivation and willingness of these
CDDs is vital for programs. Low motivation and high
attrition rates of CDDs have been reported in many
countries.''® Lack of incentive has been identified as
one of the causes and CDDs are also overloaded in
other NTD interventions."'® Governments should take
full ownership of their national elimination programs
by allocating and mobilizing adequate resources for the
intended goal.

Conclusion

Great strides have been made globally in the elimination
of onchocerciasis. In Africa, although no country has been
verified free of onchocerciasis, progress has been made to
eliminate the disease in some limited localities with opti-
mism that the continent will be able to achieve complete
elimination in 12 countries by 2030. In the Americas,
elimination of all onchocerciasis foci has been achieved,
except a single focus (Yanomami) along the border of
Brazil and Venezuela. Yemen has made some progress in
elimination despite the civil strife. The global outlook in
onchocerciasis elimination is promising; however, the
need to address key challenges remains a priority to
programs.
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