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Abstract:

Background: Despite 20 years of ivermectin mass distribution in the Mahenge area, Tanzania, the prevalence of onchocerciasis
and epilepsy has remained high in rural villages.

Objectives: We investigated the efficacy of ivermectin in reducing Onchocerca volvulus microfilariae and predictors for para-
sitic load following ivermectin treatment in persons with (PWE) and without epilepsy (PWOE).

Methods: Between April and September 2019, 50 PWE and 160 randomly selected PWOE from Msogezi and Mdindo villages
participated in a follow-up study. Skin snips were obtained pre (baseline) and three months post-ivermectin treatment.
Results: The overall prevalence of O. volvulus positive skin snips at baseline was 49% (103/210), with no significant difference
between PWE (58.0%) and PWOE (46.3%); p=0.197. The overall mean microfilarial density was significantly higher at baseline
1.45(95%CI:0.98-2.04)) than three-month post-ivermectin treatment (0.23(95%CI:0.11-0.37), p<<0.001. Three months after iv-
ermectin, the microfilarial density had decreased by 280% in 54 (81.8%, 95%CI: 72.3-91.4) of the 66 individuals with positive
skin snips at baseline. High microfilarial density at baseline was the only significant predictor associated with higher microfilarial
density in the post-ivermectin skin snips.

Conclusion: Our study reports a decrease in microfilarial density following ivermectin treatment in most individuals. Optimiz-
ing ivermectin coverage will address the ongoing onchocerciasis transmission in Mahenge.
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Introduction

Onchocerciasis, commonly referred to as river blindness,
is caused by the nematode Onchocerca volvulus, and is
transmitted by a black fly of the genus Simulium. It is es-
timated that 20.9 million people are infected worldwide,
and 99% of them are living in sub-Saharan Africa '. Adult
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worms in nodules can live for more than a decade, during
which the female worm may release 1300-1900 microfi-
latiae (mf) per day * In the skin, mf are found in the
sub-epidermis, where they can cause severe itching and
disfiguring skin lesions. They may also migrate to the an-
terior chamber of the eye where they can cause blindness
>, In heavily infected persons, more than 100 million mf
may be present; each of which can live for up to two
years *. The World Health Organization (WHO) enlisted
onchocerciasis as a priority disease targeted for elimina-
tion by 2025 using a community-directed treatment with
ivermectin (CDTTI) strategy **.

Ivermectin has a microfilaricidal effect which substantial-
ly reduces microfilarial densities in the skin and eyes with-
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in days to weeks % A systematic review and meta-analysis
of 26 studies, showed that a single dose of ivermectin
resulted in a marked decrease in mf density within 24
hours; furthermore, approximately 95% of the mf were
cleared within the first week and 99% thereof after 1 to 2
months °. Since ivermectin does not kill the adult worms
but temporarily blocks the release of mf from the female
adult worms, microfilarial repopulation of the skin starts
at a slow rate approximately three months after ivermec-
tin treatment . However, skin mf densities are expected
to remain below 20% of their pre-ivermectin levels for at
least 10 months after a single dose of ivermectin °.
Currently, several epidemiological studies have shown a
strong relationship between onchocerciasis and epilepsy,
including nodding syndrome (NS) "'°. In a meta-analysis
investigating the association between onchocerciasis and
epilepsy, it was found that for each 10% increase in oncho-
cerciasis prevalence, the prevalence of epilepsy increases
on average, by 0.4% "". Recent observations in northern
Uganda " and Cameroon " suggest that onchocerciasis
control through mass drug administration (MDA) using
ivermectin may decrease the incidence of NS and other
forms of onchocerciasis-associated epilepsy (OAE).

In January 2017, a house to house epilepsy survey in the
Mahenge area of Tanzania documented an epilepsy prev-
alence of 1.5% in sub-urban and 3.5% in rural villages,
Mdindo and Msogezi . Moreover, the prevalence of an-
ti-onchocercal antibodies, using the OV16 rapid test ,
among children aged 6-10 years was 38% in Mdindo and
42% in Msogezi, suggesting ongoing transmission of on-
chocerciasis ''. While such high transmission rates were
unexpected after 20 years of CDTI, possible explana-
tions include low ivermectin coverage *, and/or reduced
effectiveness of ivermectin in reducing O. volvulus mf
density. Therefore, we returned to these two rural villages
and carried out a study to investigate the efficacy of iv-
ermectin in reducing O. volvulus mf in persons with and
without epilepsy, as well as to identify factors associated
with detectable O. volvulus mf, 3 months after ivermectin
treatment.
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Materials and Methods

Study design, sites, and participants

This was a longitudinal study conducted in the two rural
villages of Msogezi and Mdindo in Mahenge, between
April and September 2019. The details of the study area
have been extensively described in our previous publica-
tion '. In brief, the Mahenge area extends into a moun-
tainous area above the Kilombero river valley in which
most of the northern part of Ulanga district villages are
located. The area contains fast flowing rivers with rap-
ids which are excellent breeding sites for black flies. The
Ulanga district has 21 wards and 59 registered villages that
are considered endemic for onchocerciasis and epilepsy.
Using a community-based approach, we invited persons
with epilepsy (PWE), identified during the epilepsy sur-
veys conducted in January 2017 '"?') to participate in
this new study. Among PWE identified in these surveys,
77.9% of them met the OAE case definition criteria,
defined as a previously healthy person who had devel-
oped epilepsy without an obvious cause between the ages
of 3 and 18 years *. Similarly, persons without epilepsy
(PWOE) aged >0 years were randomly selected from the
database of the aforementioned surveys, and also invited
to participate. Informed consent was obtained from all
participants, directly from the PWE (for adults) or from
their patents/care givers (for children) before their en-
rolment into the study. For children older than 12 years,
their assent was also obtained. Participants were enrolled
in the study between April and May 2019; 7 months after
the previous round of community direct treatment with
ivermectin (CDTI) in 2018 (considered as baseline). They
were skin snipped just before receiving ivermectin during
CDTI in May and June 2019. The ivermectin dose was
height-dependent and its administration was directly ob-
served under CDTT program. Skin snipping was repeated
three months after ivermectin treatment. Clinical exam-
ination information was collected using a paper based
questionnaire. The questionnaire contained three sec-
tions; a section about 1) social-demographic characteris-
tics; 2) epilepsy related information such as type of sei-
zures, frequency of seizures and clinical examination; 3)
onchocerciasis related information including history of
itching, past ivermectin use and skin snip testing results.
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Figure 1: Map of the Mahenge

Skin snip collection and processing

Two skin snips were obtained from each posterior iliac

crest of eligible participants using the Holt-type punch.
One punch was used per subject and punches were ster-
ilised using steam under pressure before using on oth-
er subjects. Moreover, to prevent infection, the skin was
cleaned with 70% alcohol before snipping, Skin snips were
placed in different wells of a micro titre plate containing
3 drops of normal saline solution and incubated for 24
hours at room temperature to allow the mf to emerge
into the fluid. After the incubation period, mf in the solu-
tion were counted microscopically by a trained laboratory
technician using x10 objective. For each person, the two
skin snips were weighed using electronic scales and aver-

age was obtained. Mf density was expressed in counts per
milligram of skin snip.

Data management
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and accuracy of data collected. Data were entered into a
Microsoft Access database by experienced data entry
clerks and checked by a data coordinator for complete-
ness and quality by reviewing 5% of all records selected at
random. Skipping patterns and range checks were imple-
mented in the database to minimise chances of error. All

queries raised during data entry and cleaning were sent
back to the field coordinator for resolution.

Statistical analysis

Continuous variables were presented as means with 95%
confidence intervals and as medians with inter-quartile
ranges (IQR), compared using the Mann-Whitney U test.
Proportions were expressed as percentages and com-
pared using Chi-squared tests or Z-test where applicable.
The mf density for each participant was expressed as the
arithmetic mean from both skin snips. The community
mf load (CMFL) for each village was calculated as the

Completed data collection forms were cross-checked geometric mean mf density per skin snip in persons aged

on a daily basis at the field site to ensure completeness

609

20 years and older. The arbitrary value of 1 was added in
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this calculation to control for persons with no (zero) mf
in their skin snips. Pre- and post-mf density were com-
pared using Wilcoxon signed-rank test. Ivermectin re-
sponse rate was calculated as the proportional change of
mf density for all individuals who were seen before and
three months after CDTI, and had positive skin snips at
baseline. Given that we expect less than 20% of the base-
line O. volvulus parasitic load in an individual treated with
ivermectin, any mf density reduction below 80% three
months after ivermectin treatment was considered as a
sub-optimal response to ivermectin.

A multiple logistic regression models was used to identi-
ty determinants of sub-optimal response to ivermectin.
Predictors of post-ivermectin mf density in participants
who initially had positive skin snips were determined us-
ing a negative binomial model. Data were analysed using
SAS 9.4 (SAS institute Inc.) and R version 3.6.1. A p-val-
ue less than 0.05 was deemed significant.

Results

Baseline data

A total of 210 participants were enrolled in the study,
of which 50 (23.8%) were PWE and 104 (49.5%) were
females (Table 1). Among the PWE, 32 (64%) were from
Msogezi and 18 (36%) from Mdindo village. The overall
median age of the participants was 31 years (IQR: 15-
48) while that of PWE was 30.0 (IQR: 24.0-39.0). The
overall prevalence of O. wolvulus mf was 49%, and this
tended to be higher among PWE (58.0%) compared to
PWOE (46.3%), although the difference was not statis-
tically significant (p=0.195). The prevalence of mf was
significantly higher among participants from Mdindo
village (64.8%) compared to Msogezi (35.2%), x2=9.57,
p= 0.002. The CMFL was also higher in Mdindo village
(3.8mf/mg) compared to Msogezi (1.9 mf/mg), z = 3.2,
p = 0.001.

Table 1: Characteristics of the study participants before the intake of ivermectin

Overall PWE PWOE P value*
N =210 n =50 n =160
Socio-demographics
Age: median (IQR) 31 (15-48) 30.0 (24.0-39.0)* | 32.0 (14.0-51.0)" 0.544
Female gender: n (%) 104 (49.5) 24 (48.0) 80 (50.0) 0.872
Study village: Mdindo, n (%) 74 (35.2) 18 (36.0) 56 (35.0) 0.927
Msogezi, n (%) 136 (64.8) 32 (64.0) 104 (65.0)
Anthropometrics
Height in cm: median (IQR) 152.0 (140.0- 152.5 (143.0— 152.0 (139.9-160.0) | 0.765
159.0) 156.8)
Body mass index 19.6 (17.1-22.1) | 20.4 (18.4-22.0) 19.5 (16.9-22.4) 0.380
Weight in Kg: median (IQR) 46.0 (37.3-53.0) | 46.0 (40.3-52.0) 46.8 (34.8-53.1) 0.966
Onchocerciasis
Positive skin snip: n (%) 103 (49.0) 29 (58.0) 74 (46.3) 0.195
Pre-IVM mf density for all 0.0 (0.0-2.7) 0.6 (0.0-4.4) 0.0 (0.0-1.9) 0.315
participants: median (IQR)
Pre-IVM mf density 3.6 (1.7-13.3) 3.0 (1.7-11.3) 4.24 (1.7-15.6) 0.886
for participants with positive skin
snip: median (IQR)
Palpable nodules: n (%) 19 (9.0) 8 (16.0) 11 (6.9) 0.085
Itching: n (%) 51 (32.1) 9 (24.3) 42 (34.4) 0.316
Ivermectin use in 2018: n (%) 159 (75.7) 37 (74.0) 118 (75.0) 0.706

1 missing observation; b7 missing observations; IQR: interquartile range, mf: Microfilarial; IVM:
ivermectin, NA: Not applicable; ¥*Mann Whitney U test for continuous variables, Chi-squared test

for categorical variables (Fisher exact test if expected values < 5)

The proportion of individuals with positive skin snips
increased with increasing age, ¥2 trend= 4.29, p=0.038.
However, the proportion of positive skin snips in the

youngest age group (6-11 years) was slightly higher
(41.7%, 95%CI: 24.8 -58.6) than in the subsequent age
group (33.3%, 95%ClI: 13.0-53.7), Figure 2.
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Figure 2: Prevalence of positive skin snip (bars) with 95%CI (line segments) by age group

Effect of ivermectin on mf density among O. vo/vulus
infected PWOE and PWE

Of the 210 study participants examined at baseline, 163
(77.6%) were available for a follow-up skin snip sample
three months post-ivermectin. The main reasons for not
participating in the post-ivermectin skin snip testing in-
cluded refusal due to discomfort caused by the initial skin
snipping, and being away from the study villages during
the second skin snipping period. Of the 163 partici-
pants with a follow up skin snip sample, 76 (46.6%) had
a positive skin snip at baseline compared to 29 (17.8%)
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post-ivermectin, p< 0.001. The proportion of individu-
als who took ivermectin during the 2018 CDTT increased
significantly from 75.5% at the baseline survey to 92.0%
during the post ivermectin survey, (Mcnemar’s—x2 =18.7,
p<0.001), (Table 2). Considering only PWOE and PWE
who took ivermectin treatment, >80% decrease in mf
density was observed in 54/66 (81.8% [95% CI: 72.3-
91.4]) participants who were infected at baseline. Howev-
er, only 14 out of 19 PWE (73.7% [95% CI: 51.9-95.5])
attained the threshold of >80% decrease in mf density.
There was no difference in frequency of seizures at base-
line and post ivermectin, p=0.480 (Table 2).
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Table 2: Response of ivermectin on mf density in all 163 participants with both baseline and

three months post-ivermectin skin snip results.

Skin snip survey

Characteristics Baseline Post-ivermectin P-value’

All participants (n=163)

Took ivermectin in previous CDTI round, n 123 (75.5) 150 (92.0) <0.001

%)

Positive skin snips: n (%) 76 (46.6) 29 (17.8) <0.001

Mf density: median (IQR) 0.0 (0.0-2.8) 0.0 (0.0-0.0) <0.001

Mf density: mean (95%CI), n=162 1.45 (0.98-  0.23 (0.11-0.37) <0.001
2.04)

>80% reduction in mf density (only for NA 54/66 (81.8 [72.3-91.4))c  NA

participants with positive skin snip at

baseline): n (% [95% CI])

PWE only (n=42)

Positive skin snips: n (%) 22 (52.4) 13 (30.9) 0.020

Mf density: median (IQR) 0.26 (0.0- 0.0 (0.0-0.23) <0.001
3.78)

Mf density: mean (95%CI) 1.73 (0.76-  0.22 (0.07-0.40) <0.001
3.24)

>80% reduction in mf density (only for PWE NA 14/19 (73.7 [51.9-95.5])¢ NA

with positive skin snip at baseline): n (%

[95% CI])

Expetienced a seizure in the last week, n (%)  8/32 (25)° 10/32 (31.2)° 0.480

Seizures per month: median (IQR) 0.0 (0.0-2.0) 0.0 (0.0-0.5) 0.241

"Menemar’s test, "Wilcoxon signed-rank test ,'10 missing observations post-ivermectin, 3 missing
observations, ‘10 missing observations post-ivermectin IOR= interquartile range, Mf=microfilarial

Overall, the geometric mean mf density decreased from
1.45 mf/mg (95% CI: 0.98 - 2.04) at baseline to 0.23 mf/
mg (95% CI: 0.11- 0.37) 3 months post-ivermectin, p
<0.001. Majority (71.0%) of 76 people who tested skin
snip positive at baseline tested negative three months
post-ivermectin, while among those who had nega-
tive skin snips (n=87), 7 (8.0%) of them tested positive
three months post the ivermectin, giving an OR of 7.71
(95%CI: 3.50-20.10), McNemar's P < 0.001.

Skin snips positivity rate among PWE decreased from
52.4% (22/42 PWE) at baseline to 30.9% (13/42 PWE)
three months post ivermectin; p=0.020. Of the 22 PWE
who were positive at baseline, 12 (54.5%) had no detect-
able mf in their skin snips post-ivermectin, while only 3

African Health Sciences, Vol 22 Issue 3, September, 2022

(15%) out of 20 PWE with no mf detected at baseline
were detected with mf post-ivermectin, giving an OR
of 4.0 (95%CI: 1.08-22.09), McNemar's p = 0.020; this
means the rate of converting from positive to negative
after CDTi was four folds compared to that of changing
from negative to positive.

Although in univariate analysis, three factors (being a
PWE, village of residence and pre-ivermectin mf density)
were found to be associated with persistence of mf three
months post ivermectin treatment, in multivariate analysis
only being a PWE (OR=2.65, p=0.033) and pre-ivermec-
tin mf density (OR=1.54, p=0.003) remained significant
(Table 3). Self-reported history of ivermectin use during
the past years was not associated with skin snip positivity
following ivermectin treatment in this study.
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Table 3: Factors associated with positive skin snips three months post-ivermectin

Covariates Univariate Multivariate
OR (95%CI) P-value OR (95%CI) P-value
Sex (Female) 0.95 (0.43-2.12) 0.902
Age (in years) 1.00 (0.98-1.02) 0.675
Being a PWE 2.56 (1.10-5.95) 0.030 2.65 (1.08- 0.033
6.51)
Village of residence: Mdindo 1
Msogezi 0.43 (0.19-0.96) 0.040 0.59 (0.24- 0.249
1.45)
BMI — Normal or overweight (= 1
18.5)
— Underweight (< 18.5) 0.80 (0.35-1.80)  0.582
Pre-ivermectin mf density* 1.62 (1.24-2.11) <0.001 1.54 (1.16- 0.003
2.03)
Never used ivermectin 1.07 (0.29-4.04) 0.916
Did not take ivermectin in 2018 1.61 (0.48-5.41) 0.439

(most recent CDTT before this
study)

*1_og-transformed

Predictors of mf density 3 months after ivermectin
use

The mf density at three months post-treatment ranged
from 0.0 to 100 mf/mg; In a univariate negative binomial
regression model, both higher pre-ivermectin mf-density
(IR= 1.77, 95% CI: 1.27-2.46, p=0.001) and village of

residence (Msogezi village; IR=0.33, 95%CI: 0.12-0.91,
p=0.032) were the variables significantly associated with
mf density three months after ivermectin treatment.
However in the multivariate model, only pre-ivermectin
mf density remained significant IR=1.65, 95%CI: 1.18-
2.31, p=0.003), (Table 4).

Table 4: Factors associated with mf density three months post ivermectin use.

Univariate Multivariate
Covariates IR (95%CI) P-value IR (95%CI) P-value
Sex (Female) 0.72 (.26 - 1.98) 0.528
Age (in years) 1.01 (0.99 - 1.04)  0.233
Being a PWE 0.997 (0.34 - 0.996

2.97)
Village of residence: Msogezi 0.34 (0.12 - 0.91) 0.032 0.577 (0.20-1.67) 0.310
BMI — Underweight (< 18.5) 0.50 (0.18 - 0.180

1.38)

Pre-ivermectin mf density* 1.77 (1.27-2.406) 0.001 1.65 (1.18 - 2.31) 0.003

*[_og-transformed

Discussion

This study aimed to determine the effect of ivermec-
tin treatment on mf density in O. volvulus infected PWE
and PWOE in Mahenge and to identify risk factors for
sub-optimal ivermectin response. Three months after re-
ceiving ivermectin, only 18% of participants had < 80%
reduction of the pre-ivermectin mf density, suggesting
that sub-optimal response to ivermectin is not frequent
in this population. The reason for the reduced efficacy of
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ivermectin in a few participants remains unclear and war-
rants further investigations. Reasons to consider include:
false self-reported use ivermectin in the recent CDTI,
variation in distribution of mf in the sampled snips, as
well as differences in incubation periods during laborato-
ry analyses .

The high overall prevalence of skin snips positive for O.
volyulus mf in all individuals (49%) as well as in children
aged 6-11 years (41.7%) confirms a high burden of on-

African Health Sciences, Vol 22 Issue 3, September, 2022



chocerciasis with high on-going transmission in the Ma-
henge area. In 2017, we found almost a similar prevalence
of onchocerciasis by using OV16 antibodies tests in chil-
dren aged 610 years ', a pattern which was also depicted
by an entomological study in 2016 in the same area**.

A slightly higher percentage of PWE (58%) compared to
PWOE (46%) presented with a positive skin snip at base-
line; however, their mf densities were very low. Although
this excess mf prevalence of 12% among PWE is statisti-
cally non-significant (due to small sample size), it does not
imply that there is no association between onchocerciasis
and epilepsy in the rural villages in the Mahenge area. In-
deed, in settings where CDTT has been implemented for
many years, the interpretation of these results is difficult
because past ivermectin intake among PWE and PWOE
may have been different. It is possible that at epilepsy
onset, PWE were more often O. volvulus infected and with
a higher mf load than PWOE. Although a similar per-
centage of PWE and PWOZE reported ivermectin intake
in 2018, data is lacking regarding individual ivermectin
intake before and at the moment of the onset of the
epilepsy. In several case-control studies in onchocercia-
sis-endemic regions where CDTT has been implemented
for some time, no difference in skin snip positivity was
observed between PWE and PWOE *. In contrast, in
matched case-control studies in ivermectin-naive popula-
tions in an onchocerciasis-endemic region in Cameroon
%, and in the Logo health zone in Ituti, Democratic Re-
public of Congo (DRC) > PWE were more often found
to be skin snip positive and to have a higher mf load than
healthy village controls. In the present study, the logistic
regression revealed a significant association between the
persistence of O. volyulus microfiladermia and having ep-
ilepsy, as PWE had 2.6 folds higher odds of presenting
a positive skin snip three months post ivermectin when
compared to PWOE. An explanation could be the po-
tential decrease of ivermectin drug levels in the serum
because of the anti-epileptic drugs affecting the P-gly-
coprotein (MDR1) transporter which plays a role in the
intestinal elimination of the ivermectin®.

We did not observe differences in frequency of seizures
in PWE at the baseline and post-ivermectin intake. There
is anecdotal evidence that ivermectin in O. volvulus infect-
ed PWE may decrease the frequency of seizures . More-
over, a recent randomised clinical trial in DRC showed
that O. volyulus infected PWE who received multiple doses
of ivermectin were more likely to be seizure-free during

African Health Sciences, Vol 22 Issue 3, September, 2022

the last four months of a one year trial than O. volvulus
PWE who received only one dose of ivermectin . The
small sample size of our study and the low mf density at
baseline, most likely explains why a beneficial effect of
ivermectin was not observed.

Our results suggest that ivermectin is still a potent micro-
filaricide in the rural villages of the Mahenge area. This is
similar to observations from Equatorial Guinea *! but dif-
ferent from the situation in Ghana where a sub-optimal
ivermectin treatment response was reported >
Therefore the high O. volvulus transmission that was ob-
served in the rural villages of Mahenge is probably the re-
sult of sub-optimal ivermectin coverage in the past which
could be due to poor programme supervision and poor
compliance of communities with the CDTI programme;
underlying causes could include lack of knowledge, poor
advocacy and low motivation among drug distributors .
However, our study also has several limitations. The num-
ber of PWE who agreed to participate was small, thereby
decreasing the statistical power of our analysis. More-
over in this study, no other laboratory examinations apart
from skin snips were performed to exclude other causes
of epilepsy, such as genetic, or other parasitic causes than
onchocerciasis. As 77.9% of the PWE met the OAE cri-
teria, we estimate that in a large proportion of the PWE
the epilepsy was related to onchocerciasis. Moreover, the
higher prevalence of epilepsy in rural villages in Mahenge
with higher ongoing O. volvulus transmission, compared
with sub-urban Mahenge villages, suggests that O. vo/vulus
infection was the main cause of the high epilepsy preva-
lence in our study population''. However, we cannot ex-
clude the presence of neurocysticercosis in the region but
Taenia solium transmission may be low because pigs are
generally kept and fed in small elevated huts preventing
their contact with human stools™.

Conclusion

Onchocerciasis transmission is ongoing in rural villages
of Mahenge and the response of the parasite to iver-
mectin is satisfactory. However, the interpretation of our
study findings should be done with caution. Indeed, the
number of those with <80% mf reduction was rather low
but it is not clear whether these were suboptimal respons-
es. Nevertheless, there is need to strengthen the oncho-
cerciasis elimination programme in Mahenge in order to
optimize coverage, thereby accelerating elimination pros-
pects. In that light, the national neglected tropical diseas-
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es programme initiated a biannual CDTI programme in
Mahenge as from 2019. We anticipate that a follow-up of
this intervention should eventually reveal a diminishing
incidence of both onchocerciasis and onchocerciasis-as-
sociated epilepsy in the Mahenge area.

Acknowledgements

We thank the residents study participants for their partici-
pation in this survey. Mr Savael Ngowi and Donald Masa-
maki for sample collection and microscopy reading, Ben-
son Swai and Gineson Nkya for data entry, and Thomas
Semdoe for driving the team. Deogratius Raphael, Gisela
Ligazio, Xsavery Kazingoma and Geofrey Magongo are
acknowledged for identification of study participants.
Health authorities in Morogoro Region and Ulanga Dis-
trict for their cooperation and support provided to the
study teams. We thank the Director General of the Na-
tional Institute for Medical Research for permission to
publish this paper. This study was funded by a grant from
the European Research Council (ERC 671055) and VLIR
UOS (Flemish University Development Cooperation).

Author’s Contributions

Conceptualization: DB, BPM and RC; Methodology:
BPM, and RC; Software: DB and BPM; Validation: BPM,
JNSF and RC; Samples collection and Laboratory anal-
ysis AM; Data management DPC; Statistical Analysis:
DB, AD and BPM; Investigation: DB, WHM, BPM; Re-
sources: RC; Data Curation: DB, AD and BM; Writing
— Original Draft Preparation: DB, BPM and RC; Writing
— Review & Editing: BPM, JNSEF, AM, WHM, and RC;
Visualization, DB, JNSF, RC; Supervision: BPM, JNSF
and RC; Project Administration: BPM and RC; Funding
Acquisition: RC.

Ethical considerations

The study was approved by the ethics committee of the
National Institute for Medical Research of Tanzania
(NIMR/HQ/R.8a/Vol. 1X/2931) and the ethics com-
mittee of the University of Antwerp, Belgium. All adult
participants provided their informed consent by signing
the consent form before enrolment. For all individuals
aged below 18 years, the consent form was signed by par-
ents/guardians. Minors aged >12 years old also had to
sign an assent form. Individuals who were not able to
read/write were verbally informed about the study and
signed the consent form by finger print. All individual
data were encoded and treated confidentially.

615

Conflicts of Interest
The authors declare no competing interests.

References

1. WHO. Onchocerciasis. vol. 4 https://www.who.int/
news-room/fact-sheets/detail/onchocerciasis (2019).

2. Burnham G. Onchocerciasis. Lancer 351, 1341-1346
(1998).

3. WHO. AFRICAN PROGRAMME FOR ONCHO-
CERCIASIS CONTROL ( APOC ). Wotld Health Or-
ganization/African Programme Onchocerciasis
Control.18th Session of the Joint Action Forum. Bujum-
bura, Burundi 11-13 December 2012. Final Communi-
que  https://www.who.int/apoc/about/structure/jaf/
Final_%0ACommunique_JAF_18_English_final_with_
annexes.pdfrua=1 (2012).

4. Gebrezgabiher, G., Mekonnen, Z., Yewhalaw, D. &
Hailu, A. Reaching the last mile: main challenges relat-

for

ing to and recommendations to accelerate onchocerciasis
elimination in Africa. Infect. Dis. Poverty 8, 60 (2019).

5. Basafiez MG. et al. Effect of single-dose ivermectin on
Onchocerca volvulus: a systematic review and meta-anal-
ysis. Lancet Infect. Dis. 8, 310-322 (2008).

6. Osei-Atweneboana MY, Eng JK, Boakye DA, Gyapong
JO, Prichard RK. Prevalence and intensity of Onchocerca
volvulus infection and efficacy of ivermectin in endem-
ic communities in Ghana: a two-phase epidemiological
study. Lancet 369, 2021-2029 (2007).

7. Colebunders R, Hendy A, van Oijen M. Nodding Syn-
drome in Onchocerciasis Endemic Areas. Trends Parasitol.
32, 581-583 (2010).

8. Colebunders R. et al. Prevalence of River Epilepsy in
the Orientale Province in the Democratic Republic of the
Congo. PLoS Negl. Trop. Dis. 10, 1-13 (20106).

9. Colebunders R. et al. Risk factors for epilepsy in Bas-
Uélé Province, Democratic Republic of the Congo: A
case-control study. Int. |. Infect. Dis. 49, 1-8 (2016).

10. Lenaerts E. et al. High prevalence of epilepsy in on-
chocerciasis endemic health areas in Democratic Repub-
lic of the Congo. Infect. Dis. Poverty 7, 1-14 (2018).

11. Mmbando BP. et al. High prevalence of epilepsy in
two rural onchocerciasis endemic villages in the Mahenge
area, Tanzania, after 20 years of community directed
treatment with ivermectin. Infect. Dis. Poverty 7, 64 (2018).
12. Colebunders R. et al. High prevalence of onchocerci-
asis-associated epilepsy in villages in Maridi County, Re-
public of South Sudan: A community-based survey. Seizure
63, 93-101 (2018).

African Health Sciences, Vol 22 Issue 3, September, 2022



13. Siewe Fodjo NJ. et al. Epidemiology of onchocer-
ciasis-associated epilepsy in the Mbam and Sanaga river
valleys of Cameroon: impact of more than 13 years of
ivermectin. Infect. Dis. Poverty 82, 77-8 (2019).

14. Siewe Fodjo NJ. et al. Onchocerciasis-associated ep-
ilepsy in the Democratic Republic of Congo : Clinical
description and relationship with microfilarial density. 32, 1-15
(2019).

15. Siewe JNFE. et al. Low prevalence of epilepsy and
onchocerciasis after more than 20 years of ivermectin
treatment in the Imo River Basin in Nigeria (1) Robert
Colebunders, (2) Robert Ryder, (3) Patrick Suykerbuyk,
(4) Richard Idro. Infect. Dis. Poverty 8, 1-9 (2019).

16. Bhwana D. et al. Clinical presentation of epilepsy in
six villages in an onchocerciasis endemic area in Mahenge,
Tanzania. Epileptic Disord. 21, 425-435 (2019).

17. Pion SDSS. et al. Epilepsy in onchocerciasis endem-
ic areas: systematic review and meta-analysis of popula-
tion-based surveys. PLoS Negl. Trop. Dis. 3, e461 (2009).
18. Gumisiriza N. et al. Prevalence and incidence of nod-
ding syndrome and other forms of epilepsy in onchocer-
ciasis-endemic areas in northern Uganda after the imple-
mentation of onchocerciasis control measures. Infect. Dis.
Poverty 9, 12 (2020).

19. Weil GJ. et al. A Rapid-Format Antibody Card Test
for Diagnosis of Onchocerciasis. J. Infect. Dis. 182, 1796—
1799 (2000).

20. Siewe Fodjo JN. et al. Low ivermectin use among 5-
to 6-year-old children: observations from door-to-door
surveys in onchocerciasis-endemic regions in Africa. Int.
Health 12, (2019).

21. Bhwana D. et al. Clinical presentation of epilepsy in
six villages in an onchocerciasis endemic area in Mahenge,
Tanzania. Epileptic Disord. 21, (2019).

22. Colebunders R. et al. Onchocerciasis-associated epi-
lepsy: From recent epidemiological and clinical findings
to policy implications. Epilepsia open 2, 145152 (2017).
23. Collins RC, Brandling-Bennett AD, Holliman, RB,
Campbell CC, Darsie RF. Parasitological diagnosis of on-
chocerciasis: Comparisons of incubation media and in-
cubation times for skin snips. Aw. |. Trop. Med. Hyg. 29,
35—41 (1980).

African Health Sciences, Vol 22 Issue 3, September, 2022

24. Hendy A. et al. The blackfly vectors and transmission
of Onchocerca volvulus in Mahenge, south eastern Tan-
zania. Acta Trop. 181, 50-59 (2018).

25. Kabore JK., Cabore JW, Melaku Z, Druet-Cabanac
M, Preux PM. Epilepsy in a focus of onchocerciasis in
Burkina Faso. Lancet 347, 836 (1996).

26. Boussinesq M, Pion SDS, Demanga-Ngangue, Kamg-
no J. Relationship between onchocerciasis and epilepsy: a
matched case-control study in the Mbam Valley, Republic
of Cameroon. Trans. R. Soc. Trop. Med. Hyg. 96, 537-541
(2002).

27. Mandro M. et al. Onchocerca volvulus as a risk fac-
tor for developing epilepsy in onchocerciasis endemic
regions in the Democratic Republic of Congo: A case
control study. Infect. Dis. Poverty 7, 2—7 (2018).

28. Ballent M, Lifschitz A, Virkel G, Sallovitz |, Lanusse,
C. Modulation of the P-glycoprotein-mediated intestinal
secretion of ivermectin: in vitro and in vivo assessments.
Drug Metab. Dispos. 34, 457—463 (2000).

29. Kipp W, Burnham G, Kamugisha, J. Improvement in
seizures after ivermectin. Lancet 340, 789-790 (1992).
30. Mandro M. et al. Ivermectin as an adjuvant to anti-ep-
ileptic treatment in persons with onchocerciasis- associ-
ated epilepsy : A randomized proof-of- concept clinical trial.
1-16 (2020).

31. Mas . et al. Reduction in the prevalence and intensity
of infection in Onchocerca volvulus microfilariae accord-
ing to ethnicity and community after 8 years of ivermec-
tin treatment on the island of Bioko, Equatorial Guinea.
Trop. Med. Int. Heal. 11, 1082—-1091 (2000).

32. Lustigman S, McCarter JP. Ivermectin resistance in
Onchocerca volvulus: Toward a genetic basis. PLoS Neg/.
Trop. Dis. 1, (2007).

33. Osei-Atweneboana MY, Boakye DA, Awadzi K,
Gyapong JO, Prichard RK. Genotypic analysis of 3-tubu-
lin in Onchocerca volvulus from communities and indi-
viduals showing poor parasitological response to ivermec-
tin treatment. International Journal for Parasitology: Drugs and
Drug Resistance vol. 2 20-28 http://dx.doi.org/10.1016/].
1jpddr.2012.01.005 (2012).

34. Kaiser C. et al. Onchocerciasis-associated epilepsy:
another piece in the puzzle from the Mahenge moun-
tains, southern Tanzania. Infect. Dis. Poverty. 8, 35 (2019).

616



