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We thank Colebunders et al. for the critical analysis of
our manuscript."* In essence, they argue that nodding
syndrome—Dbeing part of a larger entity called onchocercia-
sis-associated epilepsy (OAE)—is caused by Onchocerca vol-
vulus and that our study failed to find an association because
of methodological issues. Here, we would like to counter
their arguments and provide an alternative viewpoint on
the aetiology of nodding syndrome.

Many of the arguments used by Colebunders et al.” to sup-
port a causal role for O. volvulus in nodding syndrome refer
to studies on OAE, yet nodding syndrome is not the same as
OAE, and thereby, these arguments may not be relevant.
While nodding syndrome has a very specific case definition,
OAE is defined as ‘a type of epilepsy that appears in
onchocerciasis-endemic regions with high ongoing transmis-
sion in previously healthy children between the ages of 3 and
18 years without an obvious cause’.” This definition is much
broader than nodding syndrome and includes a wide variety
of other epileptic disorders. Moreover, an important limita-
tion is the exclusion of an obvious cause of epilepsy, which
remains unknown in >60% of sub-Saharan African chil-
dren,* especially in areas with poor access to healthcare
where virtually all epilepsies remain undiagnosed. This im-
plies that in onchocerciasis-endemic regions, which apply
to 30 African countries,” any child with undiagnosed epi-
lepsy may be classified as OAE.

We disagree that our study was methodologically unable to
find an association with O. wvolvulus. First, Colebunders
et al.? suggest that community-directed treatment with ivermec-
tin may have hampered our ability to detect present O. volvulus
infection. Yet, as demonstrated by our study and one by
Colebunders,"® only a minority of the study population had re-
ceived ivermectin, and this proportion was similar between af-
fected and non-affected households. Also, while community
members may believe ivermectin decreases seizure frequency,
this is unlikely to differ for cases and matched household con-
trols, as all family members are usually treated at the same
time. Second, it is unlikely that our association between nodding
syndrome and vitamin A resulted from multivitamin supple-
mentation. While wasting was associated with lower vitamin
B> concentrations, it was not associated with vitamin
A. Moreover, if multivitamins were given, this would likely
also increase concentrations of folate, vitamin B, and vitamin
Bg, which we did not observe. Third, they argue a significant as-
sociation with O. volvulus by serology would be found if more
samples were analysed, yet we oppose extrapolating results be-
yond available sample sizes. Last, we disagree that the age of the
nodding syndrome cases in our manuscript (median 15 years) is
beyond the age range at which symptoms normally occur. The
disease dynamics of nodding syndrome remain largely un-
known, and while some recall bias may be present, it is unlikely
that the duration of disease was mistakenly remembered to be
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Table | Arguments opposing a causal role for O. volvulus
in nodding syndrome

Onchocerca volvulus has a widespread global distribution while
nodding syndrome is only present in a few hotspots.®”

If a necessary cause, every individual must have been exposed to O.
volvulus, yet not all, or only a minority of cases, are exposed."®'°
Current or recent O. volvulus infection was not associated with incident
nodding syndr‘ome.I

Animal studies of O. volvulus are unable to reproduce nodding
syndrome-like symptoms."'

There is no evidence of a disease mechanism (e.g. invasion of the CSF
or through cross-reactive autoimmunity) in which O. volvulus causes
nodding syndrome."9'I2

7 years (required to comply with the suggested age) instead of
<1 year. Additionally, none of the cases in our study had a se-
vere disease stage’ (all 1-3 out of 5) nor were stunted, both of
which would require multiple years of disease to develop.

Based on the available evidence (reasons listed in Table 1),
we consider it unlikely that O. volvulus is a cause of nodding
syndrome. If so, the question remains why previous studies
did find an association.'* One possibility is that O. volvulus
is a confounder. Onchocerciasis is endemic in resource-poor
settings where many other potential causal (co-)factors such
as parasitic infections, malnutrition, poverty and poor access
to clean water and healthcare are prevalent. Another possibility
is that O. volvulus, or filarial infection in general, is one of the
multiple component causes of nodding syndrome. For ex-
ample, as filariae are known to modulate nutrient concentra-
tions of the host,? perhaps severe filarial infection combined
with a specific diet, another parasitic infection, a genetic trait
or another factor results in nodding syndrome. Last, O. volvu-
lus infection may occur after the onset of nodding syndrome.
Our study is the first to study early-onset (symptoms <1
year) cases, which found no association with O. volvulus,'
while studies of cases with much later onset did find an associ-
ation.'” This raises the possibility that having nodding syn-
drome increases the risk of O. volvulus infection or that O.
volvulus is associated with progression of disease.®

While Colebunders et al.” refer to the World Health
Organization (WHO) statement as a solid foundation for justi-
fying public health interventions for OAE, we urge some cau-
tion, as the document specifies that ‘there currently is no
formal recommendation from WHO for programmes on the
topic of onchocerciasis-associated epilepsy’, and ‘a thorough
analysis of the data and development of programmatic recom-
mendations were beyond the scope of this meeting’.'*

In the end, insufficient evidence is currently available to make
any strong conclusions regarding the cause of nodding syn-
drome. While further aetiological case—control studies are
needed (e.g. to explore novel causal hypotheses as suggested in
the scientific commentary by Spencer'?), it is also time to per-
form prospective intervention studies to prevent the onset or
slow down disease progression in high-risk and severely affected
areas. While these longitudinal studies should include O. volvu-
lus, they should also consider other factors such as nutritional de-
ficiencies and other parasitic infections. We remain with our
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standpoint that such interventions should only be done in re-
search context, as otherwise their effects cannot be proven.
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