
International Journal of Infectious Diseases 116 (2022) 302–305 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Re ducing onchocerciasis-associate d morbidity in 

onchocerciasis-endemic foci with high ongoing transmission: a focus 

on the children. 

Robert Colebunders 1 , ∗, Christoph Kaiser 2 , Maria-Gloria Basáñez 

3 , Piero Olliaro 

4 , 
Tom Lakwo 

5 , Joseph Nelson Siewe Fodjo 

1 , 6 

1 Global Health Institute, University of Antwerp, Antwerp, Belgium 

2 Practice for Child and Adolescent Health, Baden-Baden, Germany 
3 London Centre for Neglected Tropical Disease Research and MRC Centre for Global Infectious Disease Analysis, School of Public Health, Imperial College 

London, London, United Kingdom 

4 Centre for Tropical Medicine and Global Health, Nuffield Department of Medicine, University of Oxford, Oxford, United Kingdom 

5 Vector Control Division, Ministry of Health, Kampala, Uganda 
6 Brain Research Africa Initiative (BRAIN), Yaoundé, Cameroon 

a r t i c l e i n f o 

Article history: 

Received 10 January 2022 

Revised 17 January 2022 

Accepted 18 January 2022 

Key words: 

Onchocerciasis 

epilepsy 

nodding syndrome 

elimination 

ivermectin 

school-age children 

a b s t r a c t 

Effort s 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 effort s 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/ ) 
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ntroduction 

Onchocerciasis is a neglected tropical disease (NTD) caused by 

he filarial nematode Onchocerca volvulus and transmitted by way 

f the bites from ( Simulium ) blackfly vectors ( Brattig et al., 2021 ).

t is estimated that 99% of the 21 million individuals currently 

nfected with O. volvulus live in Africa ( Brattig et al., 2021 ). On-

hocerciasis has been typically considered a disease of the skin 

itching, onchodermatitis, depigmentation) and the eyes (reduced 

isual acuity, blindness), mainly affecting adults, but there is in- 

reasing evidence that heavy O. volvulus infection in childhood 

an lead to a wide spectrum of severe developmental disorders 
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n young children. Numerous epidemiological studies have shown 

 clear association between onchocerciasis and epilepsy, termed 

onchocerciasis-associated epilepsy” (OAE) ( Colebunders et al., 

021 ). OAE onset occurs in previously healthy children between 

he ages of 3–18 years (peaking between 5–12 years), mostly with 

eneralized convulsive seizures ( Colebunders et al., 2021 ). A sub- 

et of patients with OEA initially presents with a particular type 

f atonic head-nodding seizures, the hallmark feature of nodding 

yndrome (NS) ( Idro et al., 2018 ). Nakalanga syndrome, a childhood 

isorder mainly characterized by stunting and other characteristic 

ymptoms and signs shared with NS ( Foger et al., 2017 ), is also

ound in onchocerciasis-endemic areas. Cognitive impairment of 

arying degrees as an indication of brain disease has been found in 

hese onchocerciasis-related conditions ( Colebunders et al., 2021 , 

oger et al., 2017 , Idro et al., 2018 ). A recent study among 209

hildren in Cameroon suggested that O. volvulus infection may 
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lso lead to cognitive impairment even without manifest epileptic 

eizures( Siewe Fodjo et al., 2021 ). 

Even if children were to acquire the infection at birth, newborn 

hildren would not harbor adult O. volvulus worms due to the 1–2- 

ear incubation period. However, the worm’s microfilarial progeny 

an be passed from infected mothers to the fetus by way of the 

onnective tissue of the umbilical cord ( Brinkmann et al., 1976 ) 

ut disappear within several months. In the first year of life, chil- 

ren can become infected from bites of blackfly vectors harboring 

nfective stage L3 larvae, e.g., when carried on the backs of their 

others/siblings as they go to the field. Following infection, they 

ontribute to the perpetuation of the parasite’s lifecycle as they 

ecome patent with microfilariae in the skin, the stage transmit- 

ed from humans to vectors (and mostly associated with clinical 

anifestations). In highly hyperendemic areas, the prevalence of 

atent infection can rise from zero in infancy to > 60% in children 

ged 3–9 years, and > 80% in those aged 10–14 years ( Basáñez and

oussinesq, 1999 ). Since the pre-patent period is 2–3 years, this 

ndicates that in these areas, children can be exposed from birth. 

esides, children born to O. volvulus -infected mothers are more 

ikely to be infected and to harbor higher microfilarial loads 

 Kirch et al., 2003 ). This results in a higher risk of developing

AE (Chesnais et al., 2018) and premature mortality ( Kaiser et al., 

007 ). 

Due to community-directed treatment with ivermectin (CDTI), 

ntroduced by the African Program for Onchocerciasis Control 

APOC) ( Amazigo et al., 2021 ), onchocerciasis ceased to pose a pub- 

ic health problem in several African countries ( Brattig et al., 2021 ). 

n 2010, and after evidence emerged that (annual or 6-monthly) 

ass drug administration (MDA) with ivermectin could lead to the 

limination of transmission (EOT) ( Diawara et al., 2009 ), APOC’s fo- 

us shifted from morbidity control to EOT (Brattig, 2009). To con- 

rol onchocerciasis as a public health problem, APOC recommended 

nnual CDTI with a minimum therapeutic coverage (of the total 

opulation aged ≥5 years) of 65% ( Brattig et al., 2021 ). However, 

herapeutic coverage of 80% and geographical coverage of 100% will 

e needed for EOT. APOC closed in December 2015, and the World 

ealth Organization established the Expanded Special Project for 

he Elimination of NTDs (ESPEN) ( Hopkins, 2016 ). ESPEN’s aims in- 

lude supporting endemic countries in the identification and de- 

ineation of hypoendemic areas, previously excluded from CDTI as 

eemed not to contribute to morbidity. This requires onchocerci- 

sis elimination mapping and includes seroprevalence surveys in 

igh-risk areas ( World Health Organisation, 2016 ). 

Following the implementation of EOT efforts, the number of 

ew blind and visually impaired people due to onchocerciasis de- 

reased substantially (although prevalent blindness cases still re- 

ain) ( Brattig et al., 2021 ). However, annual CDTI may not be suf-

cient to eliminate the disease burden, particularly in areas where 

ransmission is high and/or CDTI coverage is sub-optimal. Recent 

ommunity-based surveys in several African countries found lower 

overage in countries with annual CDTI compared with those with 

 6-monthly strategy, with younger age groups being least likely 

o participate ( Siewe Fodjo et al., 2020 ). Consequently, in villages 

ith persistent onchocerciasis transmission, there likely remains a 

ubstantial burden of onchocerciasis-associated morbidity, includ- 

ng OAE ( Colebunders et al., 2019 ). 

he unrecognized disease burden caused by onchocerciasis 

Onchocerciasis remains a major public health prob- 

em in communities where OAE is still highly preva- 

ent, such as those in many parts of South Sudan 

 Colebunders et al., 2018 , Raimon et al., 2021 ), the Demo- 

ratic Republic of the Congo ( Mandro et al., 2018 ), some areas 

n Cameroon ( Siewe et al., 2019 ), and in the Central African 
303 
epublic ( Smet et al., 2020 ). Likely causes for this include low 

herapeutic coverage, less than the annual frequency of CDTI, 

oor treatment adherencek ( Colebunders et al., 2019 ), or not 

eceiving CDTI because of insecurity ( Colebunders et al., 2019 ). 

esides, annual CDTI may not reduce O. volvulus load sufficiently 

o protect against clinical disease because skin repopulation by 

icrofilariae starts rising a few months after ivermectin treat- 

ent ( Dusabimana et al., 2020 ; Opoku et al., 2018). It was 

stimated that, in 2015, there were about 381,0 0 0 cases of OAE 

cross onchocerciasis foci in Africa ( Vinkeles Melchers et al., 

018 ). OAE is responsible for approximately 13% of the total 

umber of years lived with disability (YLDs) attributable to 

nchocerciasis and 10% of total YLDs attributable to epilepsy 

 Vinkeles Melchers et al., 2018 ). 

roposed strategies to prevent onchocerciasis-associated 

orbidity ( Figure 1 ) 

Two cohort studies in Cameroon showed that microfilarial load 

n young children determines their risk of developing epilepsy 

n later childhood ( Chesnais et al., 2020 ). Six-monthly CDTI with 

igh therapeutic coverage could substantially reduce microfilarial 

oad for nearly a year ( Turner et al., 2014 ). However, increased 

DTI frequency may be considered costly and logistically chal- 

enging in most African countries, and it also requires high ther- 

peutic coverage to achieve EOT. Modeling studies suggest that 

nnual community-directed treatment with moxidectin (CDTM) 

ould achieve a similar result, but the current regulatory ap- 

roval for moxidectin does not include children under 12 years 

f age and it is not yet known whether the drug will be donated 

 Milton et al., 2020 ). 

reatment of O. volvulus -infected pregnant women 

Treatment of O. volvulus- infected pregnant women with iver- 

ectin may reduce the risk of their children developing OAE. 

he underlying mechanism is that of “parasite tolerance” in 

he child, whereby intra-uterine exposure to filarial antigens re- 

uces cellular responsiveness to parasite antigens in the offspring 

 Soboslay et al., 1999 ). Therefore, children born to O. volvulus- 

nfected pregnant women may be at risk of acquiring O. volvu- 

us infection earlier and of developing a higher microfilarial load 

hat would put them at risk of developing OAE (Chesnais et al., 

018). Given the fact that, so far, about 3 •7 billion doses of iver-

ectin have been distributed in mass drug administration cam- 

aigns globally and that no pregnancy tests were performed dur- 

ng these campaigns, it is likely that a very large number of preg- 

ant women have taken ivermectin inadvertently ( Nicolas et al., 

020 ). Ivermectin treatment of pregnant women is contraindicated 

ven if they are infected with O. volvulus . However, there is no 

vidence that ivermectin is teratogenic. A randomized placebo- 

ontrolled double-blind clinical trial would be justified to deter- 

ine the safety and efficacy of ivermectin treatment in O. volvulus - 

nfected pregnant women given the potential benefit to their chil- 

ren. 

reatment of children younger than five years 

A proportion of children develop OAE before the age of 5. 

herefore, it would be worthwhile to consider lowering the age 

f ivermectin treatment in children, e.g., starting at the age of 

 or below 15 kg of body weight, and integrating the distribu- 

ion of ivermectin in the childhood vaccination program. This is 

ot currently possible because of a lack of safety and pharmacoki- 

etic data in younger children. A registered double-blind, placebo- 

ontrolled 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. 
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f ascending doses of oral ivermectin in scabies-infected children 

eighing 5 to fewer than 15 kg is expected to provide valuable 

nformation ( Lorenz von Seidlein and Kobylinski, 2021 ). 

argeting school-age children (SAC) for ivermectin distribution 

As current onchocerciasis-associated morbidity is mainly re- 

ated to children with a high microfilarial load developing epilepsy, 

Chesnais et al., 2018), it is crucial to keep young children free of 

. volvulus microfilariae for as long as possible, which may not 

e achieved through annual CTDI. An additional round of iver- 

ectin to school-age children, targeting children between the ages 

f 5–6 and 12–14 years, 6 months after a CDTI round, could 

elp achieve 6-monthly ivermectin administration to this high- 

isk age group. Such targeted distribution would be a low-cost in- 

ervention, particularly if delivered during Child Health Days and 

chool-based programs together with other NTD treatment cam- 

aigns, e.g., for schistosomiasis and/or soil-transmitted helminthi- 

sis (STH). UNICEF and other partners in sub-Saharan African 

ountries have implemented Child Health Days since 20 0 0, achiev- 

ng high coverage of vitamin A supplementation and deworm- 

ng ( Oliphant et al., 2010 ). Recent studies have shown that it is

linically and programmatically safe to co-administer ivermectin, 

lbendazole, and praziquantel (ivermectin also being efficacious 

gainst STH). This approach could prove effective in countries like 

ameroon, where the rate of primary school enrolment exceeds 

0% in rural areas ( Institut National de la Statistique du Camer- 

un 2018 ). In other countries with lower rates such as South Su- 

an, many children in onchocerciasis-endemic villages do not at- 

end school. Also, school dropout rates have worsened as a result 

f the COVID-19 pandemic. In such situations, Child Health days 

utreach in communities could provide a viable ivermectin distri- 

ution option for non-schooled children. 
304 
onclusion 

National onchocerciasis programs face the dual challenge of 

eaching and protecting onchocerciasis elimination in areas with 

inimal disease burden (implementing stop-MDA surveys and 

ost-treatment surveillance), while also dealing with persisting 

ealth burden in hard-to-reach, high-transmission areas. OAE is 

resently a major contributor to the remaining health conse- 

uences of onchocerciasis. We propose several avenues to address 

his problem. Conducting safety and efficacy studies of ivermectin 

reatment in O. volvulus -infected pregnant women and children 

nder 5 years of age could pave the way for earlier interventions to 

revent OAE and sustainably reduce onchocerciasis-associated dis- 

ase burden. Treating school-aged children with an additional dose 

f ivermectin every year as part of existing school-based programs 

nd Child Health Days would ensure their 6-monthly treatment to 

eep their microfilarial loads to a minimum. We conclude that in- 

esting in these intensified interventions would help decrease both 

nchocerciasis transmission and onchocerciasis-associated morbid- 

ty and mortality. 
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