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Efforts are being directed toward the elimination of onchocerciasis transmission in endemic areas with
community-directed treatment with ivermectin (CDTI) in Africa, which greatly reduces onchocerciasis-
associated disease. However, onchocerciasis remains a major public health problem in areas of South
Sudan, the Democratic Republic of the Congo, Cameroon, and the Central African Republic. Strengthening
onchocerciasis elimination efforts in areas with a high prevalence of disease burden is crucial to de-
crease transmission, morbidity, and mortality. We argue that clinical trials are needed to investigate the
safety and efficacy of ivermectin treatment of Onchocerca volvulus-infected pregnant women and children
younger than 5 years. Crucially, 6-monthly administration of ivermectin in school-age children at risk of
onchocerciasis-associated epilepsy could be achieved by supplementing annual CDTI with an extra round
of ivermectin treatment during Child Health Days in schools and/or other distribution sites every year.
These strategies would help achieve the elimination of onchocerciasis and its associated disease burden.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Onchocerciasis is a neglected tropical disease (NTD) caused by
the filarial nematode Onchocerca volvulus and transmitted by way
of the bites from (Simulium) blackfly vectors (Brattig et al., 2021).
It is estimated that 99% of the 21 million individuals currently
infected with O. volvulus live in Africa (Brattig et al.,, 2021). On-
chocerciasis has been typically considered a disease of the skin
(itching, onchodermatitis, depigmentation) and the eyes (reduced
visual acuity, blindness), mainly affecting adults, but there is in-
creasing evidence that heavy O. volvulus infection in childhood
can lead to a wide spectrum of severe developmental disorders
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in young children. Numerous epidemiological studies have shown
a clear association between onchocerciasis and epilepsy, termed
“onchocerciasis-associated epilepsy” (OAE) (Colebunders et al.,
2021). OAE onset occurs in previously healthy children between
the ages of 3-18 years (peaking between 5-12 years), mostly with
generalized convulsive seizures (Colebunders et al., 2021). A sub-
set of patients with OEA initially presents with a particular type
of atonic head-nodding seizures, the hallmark feature of nodding
syndrome (NS) (Idro et al., 2018). Nakalanga syndrome, a childhood
disorder mainly characterized by stunting and other characteristic
symptoms and signs shared with NS (Foger et al., 2017), is also
found in onchocerciasis-endemic areas. Cognitive impairment of
varying degrees as an indication of brain disease has been found in
these onchocerciasis-related conditions (Colebunders et al., 2021,
Foger et al, 2017, Idro et al,, 2018). A recent study among 209
children in Cameroon suggested that O. volvulus infection may
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also lead to cognitive impairment even without manifest epileptic
seizures(Siewe Fodjo et al., 2021).

Even if children were to acquire the infection at birth, newborn
children would not harbor adult O. volvulus worms due to the 1-2-
year incubation period. However, the worm’s microfilarial progeny
can be passed from infected mothers to the fetus by way of the
connective tissue of the umbilical cord (Brinkmann et al., 1976)
but disappear within several months. In the first year of life, chil-
dren can become infected from bites of blackfly vectors harboring
infective stage L3 larvae, e.g., when carried on the backs of their
mothers/siblings as they go to the field. Following infection, they
contribute to the perpetuation of the parasite’s lifecycle as they
become patent with microfilariae in the skin, the stage transmit-
ted from humans to vectors (and mostly associated with clinical
manifestations). In highly hyperendemic areas, the prevalence of
patent infection can rise from zero in infancy to >60% in children
aged 3-9 years, and >80% in those aged 10-14 years (Basafiez and
Boussinesq, 1999). Since the pre-patent period is 2-3 years, this
indicates that in these areas, children can be exposed from birth.
Besides, children born to O. volvulus-infected mothers are more
likely to be infected and to harbor higher microfilarial loads
(Kirch et al., 2003). This results in a higher risk of developing
OAE (Chesnais et al., 2018) and premature mortality (Kaiser et al.,
2007).

Due to community-directed treatment with ivermectin (CDTI),
introduced by the African Program for Onchocerciasis Control
(APOC) (Amazigo et al., 2021), onchocerciasis ceased to pose a pub-
lic health problem in several African countries (Brattig et al., 2021).
In 2010, and after evidence emerged that (annual or 6-monthly)
mass drug administration (MDA) with ivermectin could lead to the
elimination of transmission (EOT) (Diawara et al., 2009), APOC’s fo-
cus shifted from morbidity control to EOT (Brattig, 2009). To con-
trol onchocerciasis as a public health problem, APOC recommended
annual CDTI with a minimum therapeutic coverage (of the total
population aged >5 years) of 65% (Brattig et al., 2021). However,
therapeutic coverage of 80% and geographical coverage of 100% will
be needed for EOT. APOC closed in December 2015, and the World
Health Organization established the Expanded Special Project for
the Elimination of NTDs (ESPEN) (Hopkins, 2016). ESPEN’s aims in-
clude supporting endemic countries in the identification and de-
lineation of hypoendemic areas, previously excluded from CDTI as
deemed not to contribute to morbidity. This requires onchocerci-
asis elimination mapping and includes seroprevalence surveys in
high-risk areas (World Health Organisation, 2016).

Following the implementation of EOT efforts, the number of
new blind and visually impaired people due to onchocerciasis de-
creased substantially (although prevalent blindness cases still re-
main) (Brattig et al., 2021). However, annual CDTI may not be suf-
ficient to eliminate the disease burden, particularly in areas where
transmission is high and/or CDTI coverage is sub-optimal. Recent
community-based surveys in several African countries found lower
coverage in countries with annual CDTI compared with those with
a 6-monthly strategy, with younger age groups being least likely
to participate (Siewe Fodjo et al., 2020). Consequently, in villages
with persistent onchocerciasis transmission, there likely remains a
substantial burden of onchocerciasis-associated morbidity, includ-
ing OAE (Colebunders et al., 2019).

The unrecognized disease burden caused by onchocerciasis

Onchocerciasis remains a major public health prob-
lem in communities where OAE is still highly preva-
lent, such as those in many parts of South Sudan

(Colebunders et al, 2018, Raimon et al, 2021), the Demo-
cratic Republic of the Congo (Mandro et al., 2018), some areas
in Cameroon (Siewe et al, 2019), and in the Central African
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Republic (Smet et al, 2020). Likely causes for this include low
therapeutic coverage, less than the annual frequency of CDTI,
poor treatment adherencek (Colebunders et al, 2019), or not
receiving CDTI because of insecurity (Colebunders et al., 2019).
Besides, annual CDTI may not reduce O. volvulus load sufficiently
to protect against clinical disease because skin repopulation by
microfilariae starts rising a few months after ivermectin treat-
ment (Dusabimana et al, 2020; Opoku et al., 2018). It was
estimated that, in 2015, there were about 381,000 cases of OAE
across onchocerciasis foci in Africa (Vinkeles Melchers et al.,
2018). OAE is responsible for approximately 13% of the total
number of years lived with disability (YLDs) attributable to
onchocerciasis and 10% of total YLDs attributable to epilepsy
(Vinkeles Melchers et al., 2018).

Proposed strategies to prevent onchocerciasis-associated
morbidity (Figure 1)

Two cohort studies in Cameroon showed that microfilarial load
in young children determines their risk of developing epilepsy
in later childhood (Chesnais et al., 2020). Six-monthly CDTI with
high therapeutic coverage could substantially reduce microfilarial
load for nearly a year (Turner et al., 2014). However, increased
CDTI frequency may be considered costly and logistically chal-
lenging in most African countries, and it also requires high ther-
apeutic coverage to achieve EOT. Modeling studies suggest that
annual community-directed treatment with moxidectin (CDTM)
could achieve a similar result, but the current regulatory ap-
proval for moxidectin does not include children under 12 years
of age and it is not yet known whether the drug will be donated
(Milton et al., 2020).

Treatment of O. volvulus-infected pregnant women

Treatment of O. volvulus-infected pregnant women with iver-
mectin may reduce the risk of their children developing OAE.
The underlying mechanism is that of “parasite tolerance” in
the child, whereby intra-uterine exposure to filarial antigens re-
duces cellular responsiveness to parasite antigens in the offspring
(Soboslay et al., 1999). Therefore, children born to O. volvulus-
infected pregnant women may be at risk of acquiring O. volvu-
lus infection earlier and of developing a higher microfilarial load
that would put them at risk of developing OAE (Chesnais et al.,
2018). Given the fact that, so far, about 37 billion doses of iver-
mectin have been distributed in mass drug administration cam-
paigns globally and that no pregnancy tests were performed dur-
ing these campaigns, it is likely that a very large number of preg-
nant women have taken ivermectin inadvertently (Nicolas et al.,
2020). Ivermectin treatment of pregnant women is contraindicated
even if they are infected with O. volvulus. However, there is no
evidence that ivermectin is teratogenic. A randomized placebo-
controlled double-blind clinical trial would be justified to deter-
mine the safety and efficacy of ivermectin treatment in O. volvulus-
infected pregnant women given the potential benefit to their chil-
dren.

Treatment of children younger than five years

A proportion of children develop OAE before the age of 5.
Therefore, it would be worthwhile to consider lowering the age
of ivermectin treatment in children, e.g., starting at the age of
3 or below 15 kg of body weight, and integrating the distribu-
tion of ivermectin in the childhood vaccination program. This is
not currently possible because of a lack of safety and pharmacoki-
netic data in younger children. A registered double-blind, placebo-
controlled trial to assess the safety, pharmacokinetics, and efficacy
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Figure 1. Factors influencing the development of onchocerciasis-associated epilepsy and proposed strategies to strengthen evidence-based interventions towards its preven-

tion.

of ascending doses of oral ivermectin in scabies-infected children
weighing 5 to fewer than 15 kg is expected to provide valuable
information (Lorenz von Seidlein and Kobylinski, 2021).

Targeting school-age children (SAC) for ivermectin distribution

As current onchocerciasis-associated morbidity is mainly re-
lated to children with a high microfilarial load developing epilepsy,
(Chesnais et al., 2018), it is crucial to keep young children free of
0. volvulus microfilariae for as long as possible, which may not
be achieved through annual CTDI. An additional round of iver-
mectin to school-age children, targeting children between the ages
of 5-6 and 12-14 years, 6 months after a CDTI round, could
help achieve 6-monthly ivermectin administration to this high-
risk age group. Such targeted distribution would be a low-cost in-
tervention, particularly if delivered during Child Health Days and
school-based programs together with other NTD treatment cam-
paigns, e.g., for schistosomiasis and/or soil-transmitted helminthi-
asis (STH). UNICEF and other partners in sub-Saharan African
countries have implemented Child Health Days since 2000, achiev-
ing high coverage of vitamin A supplementation and deworm-
ing (Oliphant et al., 2010). Recent studies have shown that it is
clinically and programmatically safe to co-administer ivermectin,
albendazole, and praziquantel (ivermectin also being efficacious
against STH). This approach could prove effective in countries like
Cameroon, where the rate of primary school enrolment exceeds
70% in rural areas (Institut National de la Statistique du Camer-
oun 2018). In other countries with lower rates such as South Su-
dan, many children in onchocerciasis-endemic villages do not at-
tend school. Also, school dropout rates have worsened as a result
of the COVID-19 pandemic. In such situations, Child Health days
outreach in communities could provide a viable ivermectin distri-
bution option for non-schooled children.
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Conclusion

National onchocerciasis programs face the dual challenge of
reaching and protecting onchocerciasis elimination in areas with
minimal disease burden (implementing stop-MDA surveys and
post-treatment surveillance), while also dealing with persisting
health burden in hard-to-reach, high-transmission areas. OAE is
presently a major contributor to the remaining health conse-
quences of onchocerciasis. We propose several avenues to address
this problem. Conducting safety and efficacy studies of ivermectin
treatment in O. volvulus-infected pregnant women and children
under 5 years of age could pave the way for earlier interventions to
prevent OAE and sustainably reduce onchocerciasis-associated dis-
ease burden. Treating school-aged children with an additional dose
of ivermectin every year as part of existing school-based programs
and Child Health Days would ensure their 6-monthly treatment to
keep their microfilarial loads to a minimum. We conclude that in-
vesting in these intensified interventions would help decrease both
onchocerciasis transmission and onchocerciasis-associated morbid-
ity and mortality.
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