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Abstract 

Background  After ivermectin became available, diethylcarbamazine (DEC) use was discontinued because of severe 
adverse reactions, including ocular reactions, in individuals with high Onchocerca volvulus microfilaridermia (microfilar-
iae/mg skin, SmfD). Assuming long-term ivermectin use led to < 5 SmfD with little or no eye involvement, DEC + iver-
mectin + albendazole treatment a few months after ivermectin was proposed. In 2018, the US FDA approved mox-
idectin for treatment of O. volvulus infection. The Phase 3 study evaluated SmfD, microfilariae in the anterior chamber 
(mfAC) and adverse events (AEs) in ivermectin-naïve individuals with ≥ 10 SmfD after 8 mg moxidectin (n = 978) or 150 
µg/kg ivermectin (n = 494) treatment.

Methods  We analyzed the data from 1463 participants with both eyes evaluated using six (0, 1–5, 6–10, 11–20, 
21–40, > 40) mfAC and three pre-treatment (< 20, 20 to < 50, ≥ 50) and post-treatment (0, > 0–5, > 5) SmfD categories. 
A linear mixed model evaluated factors and covariates impacting mfAC levels. Ocular AEs were summarized by type 
and start post-treatment. Logistic models evaluated factors and covariates impacting the risk for ocular AEs.
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Results  Moxidectin and ivermectin had the same effect on mfAC levels. These increased from pre-treatment to Day 
4 and Month 1 in 20% and 16% of participants, respectively. Six and 12 months post-treatment, mfAC were detected 
in ≈5% and ≈3% of participants, respectively. Ocular Mazzotti reactions occurred in 12.4% of moxidectin- and 10.2% 
of ivermectin-treated participants without difference in type or severity. The risk for ≥ 1 ocular Mazzotti reaction 
increased for women (OR 1.537, 95% CI 1.096–2.157) and with mfAC levels pre- and 4 days post-treatment (OR 0: > 10 
mfAC 2.704, 95% CI 1.27–5.749 and 1.619, 95% CI 0.80–3.280, respectively).

Conclusions  The impact of SmfD and mfAC levels before and early after treatment on ocular AEs needs to be bet-
ter understood before making decisions on the risk-benefit of strategies including DEC. Such decisions should take 
into account interindividual variability in SmfD, mfAC levels and treatment response and risks to even a small percent-
age of individuals.

Keywords  Onchocerciasis, Moxidectin, Ivermectin, Diethylcarbamazine, Ocular microfilariae, Microfilariae in the 
anterior chamber, Increase in ocular microfilariae, Microfilariae mobilization, Ocular Mazzotti reactions, Ocular adverse 
events

Background
Onchocerciasis is a vector-borne parasitic disease caused 
by the parasite Onchocerca volvulus, transmitted by Sim-
ulium black flies. The morbidity, due primarily to immu-
nological reactions of the body to the dead microfilariae 
in the skin and the eyes, and resulting socio-economic 
effects, have motivated large-scale control and elimina-
tion programmes in sub-Saharan Africa, Yemen and the 
Americas [1–7]. Today, control and elimination pro-
grammes are based on mass drug administration of iver-
mectin (MDAi).

In 2003, an international consultation concluded that 
parasite elimination through MDAi was feasible in the 
six Central and South American countries of the Ameri-
cas (total population at risk around 0.56 million), but not 
across the vast and partly hyperendemic areas in sub-
Saharan Africa [8], requiring research for new drugs or 
drug combinations [9, 10]. Since then, onchocerciasis 
has been eliminated in the Americas in all but the large 
endemic area crossing the Venezuela-Brazil border. 
This was achieved through between 23 and 36 rounds 
of biannual MDAi complemented with quarterly MDAi 
in around 300 communities [7, 11–15]. Data obtained 
in Africa since 2003 have shown that long-term MDAi, 
implemented as community-directed treatment (CDTI), 
may have eliminated transmission or may be close to 
doing so in many areas [14–18]. These data motivated 
the objective to eliminate O. volvulus transmission in 
some African countries by 2020 and in 80% of endemic 
countries by 2025 [19]. These targets have recently been 
revised to achieve WHO-verified interruption of parasite 
transmission in 12 countries worldwide and stop MDAi 
in at least one focus in 34 countries by 2030 [20].

Expert consultations and data reviews by the Afri-
can Programme for Onchocerciasis Control (APOC, 
1995–2015) concluded that alternative treatment strate-
gies (ATS) are required for onchocerciasis elimination 

in many areas in Africa [19]. Potential ATS identified 
include those based on moxidectin which was approved 
in 2018 for treatment of O. volvulus infected individu-
als ≥ 12  years of age by the US Food and Drug Admin-
istration (FDA) [21–30]. Discovery, development and 
implementation research for other ATS [31] is also ongo-
ing including for new or repurposed drugs [10, 32–36], 
for effective, affordable and sustainable complementary 
vector control strategies [37, 38] and for approaches to 
safe use of ivermectin in loiasis co-endemic areas (drugs 
for safe reduction of Loa loa microfilaraemia [39–41] and 
‘test-and-not-treat’ or ‘test-and-treat’ strategies [42–46]). 
Furthermore, research for a vaccine is continuing [47].

The triple drug combination ivermectin, albendazole 
and diethylcarbamazine (IDA) was recommended in 
2017 by WHO as an alternative MDA regimen for elimi-
nation of lymphatic filariasis in specific areas [48]. Treat-
ment with IDA following treatment with ivermectin 
(referred to as ‘pretreat and treat’ strategy) has been pro-
posed as an ATS for onchocerciasis-endemic areas with 
long-term CDTI to accelerate onchocerciasis elimination 
if a single IDA dose sterilizes adult O. volvulus worms 
and eliminates microfilariae from the skin permanently 
[49].

Oral diethylcarbamazine (DEC) was used for oncho-
cerciasis treatment before ivermectin became available. 
Treatment schedules differed with total doses ranging 
from 100 to 6000  mg and the number of administra-
tions ranging from a single dose to daily doses for up to 
2  weeks. WHO recommended a 0.5  mg/kg or 1.0  mg/
kg starting dose for 1–2  days and a 2.0  mg/kg mainte-
nance dose twice a day for 5–7  days for a total dose of 
approximately 30 mg/kg for adults [50]. While DEC has 
low intrinsic toxicity [51, 52], oral DEC treatment of O. 
volvulus-infected individuals can result in very severe 
Mazzotti reactions, the signs and symptoms of the 
immunological reaction of the body to dead and dying 
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microfilariae. These include worsening of onchocer-
cal eye disease and new ocular lesions and anaphylactic 
reactions, which resulted in the suggestion to start DEC 
treatment in the hospital since the susceptibility of an 
individual is not predictable [50, 53–58]. The severity of 
the Mazzotti reactions increases with the microfilariae 
levels in individuals treated with the same oral DEC dose 
and increases with the DEC dose when individuals with 
similar microfilariae burden are compared. These obser-
vations led to the conclusion that the severity of the Maz-
zotti reaction after DEC treatment is a function of the 
number of microfilariae present before treatment and 
killed [51, 59]. In 1995, the WHO Expert Committee on 
Onchocerciasis Control recommended that DEC should 
no longer be used for treatment of onchocerciasis and, if 
used for treatment of lymphatic filariasis in patients with 
onchocerciasis, ivermectin should be administered first 
and DEC only given after skin and ocular mf have been 
cleared [58]. The proposed ‘pretreat and treat’ strategy to 
use IDA in onchocerciasis-endemic areas after long-term 
MDA with ivermectin plus albendazole or long-term 
CDTI [49] is based on the assumption that long-term 
MDAi will have reduced O. volvulus skin microfilariae 
density (mf/mg skin, SmfD) to ‘usually less than 5 mf/mg 
skin’. This would reduce the risk of severe Mazzotti reac-
tions, and this risk would be further reduced by treating 
only those individuals with IDA who took the ivermectin 
pretreatment [49]. Given data on the percentage of the 
population that participates in MDAi and long-standing 
challenge to optimize that percentage, the percentage of 
individuals with SmfD above the ‘usually less than  5 mf/
mg skin’ warrants consideration as do challenges in mon-
itoring participation in MDAi [60–67]. To our knowl-
edge, levels of skin mf and ocular mf below which DEC 
can be administered without risk of severe Mazzotti reac-
tions/ worsening of onchocercal eye disease and/or new 
ocular lesions have not been established. Furthermore, 
the number of individuals included in published studies 
is small, and we consider it insufficient to establish ‘safe’ 
maximum skin and ocular mf levels, in particular given 
inter-individual variability in the occurrence, type and 
severity of adverse reactions after DEC (as well as iver-
mectin and moxidectin) treatment. Consequently, more 
data are needed to determine the risk factors for the type 
of adverse reactions to oral DEC that could result in an 
unacceptable benefit-risk ratio of MDA including DEC to 
inform deliberations about including DEC treatment in 
onchocerciasis elimination strategies.

A clinical study in Ghana compared the safety and 
efficacy of single (n = 52) and three daily doses (n = 51) 
of IDA (150  µg/kg ivermectin, 6  mg/kg DEC, 400  mg 
albendazole) with the safety and efficacy of ivermec-
tin plus albendazole (IA, 150  µg/kg ivermectin, 400  mg 

albendazole, n = 52) [68]. Individuals qualifying for enrol-
ment had to meet the following criteria: (i) be among 
the 231 individuals who participated in a previous trial 
(https://​www.​clini​caltr​ials.​gov/​ct2/​show/​NCT03​517462) 
that examined the safety and efficacy of a single dose of 
ivermectin for reducing skin and ocular microfilariae 
levels [69], (ii) had received two single doses of 150 µg/
kg ivermectin > 1 year apart, the last within 1–28 weeks 
before IDA or IA treatment and (iii) had ≤ 3 mf/mg skin 
and ≤ 5 motile mf in the anterior chamber in either eye 
and no mf detected in the posterior segment of either eye 
[68]. The study found that the percentage of fertile female 
worms was lower (p = 0.004) after a single or three daily 
IDA doses [40/261 (15.3%) and 34/281 (12.1%), respec-
tively] than after a single IA dose [41/180 (22.8%)]. Given 
the study size and inclusion criteria chosen to minimize 
the risk of ocular reactions, the study could not provide 
significant data on the safety of the proposed ‘pre-treat 
and treat’ MDA strategy.

We have previously reported results of our rand-
omized, double-blind Phase 3 trial comparing the effi-
cacy and safety of a single oral dose of 8 mg moxidectin 
(n = 978) and 150 µg/kg ivermectin (n = 494) in ivermec-
tin-naïve individuals with ≥ 10 mf/mg skin with or with-
out ocular involvement. The data showed that 1, 6, 12 and 
18 months after treatment, SmfD was significantly lower 
among moxidectin- than ivermectin-treated participants 
[22, 30]. In contrast, there was no statistically significant 
difference in the level of live microfilariae in the anterior 
chamber (mfAC) 12 months after treatment among par-
ticipants with > 10 mfAC pre-treatment [30].

We are here reporting the number of mfAC before 
treatment, 4 days and 1, 6, 12 and 18 months after treat-
ment and their relationship to pre- and post-treatment 
SmfD as well as the ocular adverse events (AEs) observed 
within 6  months post-treatment. Our primary objec-
tive is to contribute to the evidence base available for 
review by WHO and countries for a decision on whether 
to include a ‘pretreat and treat’ strategy in control and 
elimination guidelines and policies for onchocerciasis 
and/or lymphatic filariasis in onchocerciasis co-endemic 
areas. While all of our participants had a pre-treatment 
SmfD at least twice the ‘usually less than 5 mg/skin’, the 
experience with severe and serious adverse reactions to 
ivermectin in Loa loa co-endemic areas has shown that 
decisions on control and elimination strategies need to 
consider risks for even a very small percentage of indi-
viduals [46, 70–73]. This need drives our emphasis on 
graphical presentation of individual participant data and 
presentation of the distribution of participants by mfAC 
level, which facilitate better appreciation of inter-individ-
ual differences than the standard statistical measures of 
variability or statistical models. Our secondary objective 

https://www.clinicaltrials.gov/ct2/show/NCT03517462
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is to contribute to the evidence base for review by WHO 
and countries for decisions on whether to include mox-
idectin in guidelines and policies for onchocerciasis 
elimination.

Methods
A detailed description of trial conduct and methods and 
a Consort Flow chart have been published previously 
[30].

Trial registration
The study was registered on 14 November 2008 in Clini-
caltrials.gov (ID: NCT00790998).

Regulatory Agency and Ethics Committee approval 
and participant consent
As previously reported [22, 30], the protocol, information 
documents for potential participants, participant consent 
and assent forms and study conduct were approved by the 
Ghana Food and Drugs Authority and the Ghana Health 
Service Ethics Review Committee, the Liberia Ministry 
of Health and Social Welfare and the Ethics Commit-
tee of the Liberia Institute for Biomedical Research, the 
Ministère de la Santé Publique of the Democratic Repub-
lic of the Congo (DRC) and the Ethics Committee of the 
Ecole de la Santé Publique Université de Kinshasa in DRC 
and the WHO Ethics Review Committee.

Participants documented their informed consent 
or assent with parental consent to study participation 
through signature or thumbprint in the presence of a 
literate witness in their villages. This included consent 
to publication of summaries of the results. Given lack 
of consent to sharing individual participant data, many 
summary tables and figures are included in the manu-
script or in Additional file 1.

Overview of study conduct
This study was conducted between April 2009 and 
May 2012. It enrolled individuals ≥ 12  years old with 
at least ≥ 10 O. volvulus microfilariae/mg skin in four 
onchocerciasis-endemic areas where CDTI had not yet 
been initiated: Nord Kivu Province (current Zones de 
Santé Kalunguta and Mabalako) in DRC, Ituri province 
in DRC (Zone de Santé Logo in Northern Ituri, subse-
quently referred to as Nord-Ituri), Lofa County in Liberia 
(subsequently referred to as Lofa) and the Kpasa subdis-
trict within the Nkwanta North health district in Ghana 
(subsequently referred to as Nkwanta). Details on the 
location of the villages where participants were recruited 
and the prevalence of infection as determined during 
screening for the study have been provided previously 
[22].

Following randomization stratified by sex and ‘level 
of infection’ (< 20 mf/mg skin vs. ≥ 20 mf/mg skin), 978 
participants received a single oral dose of 8  mg mox-
idectin and 494 participants a single oral dose of 150 µg/
kg ivermectin. To ensure double blinding, each partici-
pant received four identical-looking capsules contain-
ing 2 mg moxidectin tablets, 3 mg ivermectin tablets or 
placebo, as required by treatment allocation and weight. 
The capsules for each participant had been prepared by 
a pharmacist not involved in participant evaluation. Par-
ticipants swallowed the capsules under observation by a 
study team member.

Participants stayed in the research center from screen-
ing to Day 6 (± 1 Day) after treatment for follow-up 
examinations and daily evaluation for AEs. ‘Outpa-
tient’ follow-up was conducted 14  days and 1, 3, 6 and 
12  months after treatment (subsequently referred to as 
Day 14, Month 1, 3, 6 and 12, respectively). The study 
was initiated with 18  months post-treatment as the last 
follow-up timepoint. After WHO became the sole study 
sponsor in July 2011, resource limitations required a pro-
tocol amendment eliminating the Month 18 follow-up. 
This resulted in 96% of moxidectin-treated and 97% of 
ivermectin-treated participants with Month 12 data but 
only 78% of participants in both treatment arms with 
Month 18 data [30].

Measurement of skin microfilariae densities
Four skin snips (one snip from each iliac crest and calf ) 
were taken pre-treatment and at Months 1, 6, 12 and 18 
and SmfD determined as described previously [21, 30].

Ocular examinations
Ocular examinations (detailed history and question-
ing for symptoms, visual acuity, color vision, visual field 
examination with Frequency Doubling Technology (FDT) 
perimetry, ocular mobility, pupillary reflex examination, 
external ocular structures examination, anterior segment 
examination with a Haag Streit 900 slit-lamp, intraocular 
pressure and dilated fundus examination by direct and 
indirect ophthalmoscopy) were conducted pre-treatment 
as well as 3 or 4 days (subsequently referred to as Day 4 
data) and at Months 1, 6, 12 and 18. mfAC and micro-
filariae in the cornea (mfCOR) were counted in both eyes 
with 10 × or 16 × magnification after participants had 
been sitting with their head down for at least 5  min. If 
considered necessary by the ophthalmologist, the head-
down position for at least 5  min was repeated before 
counting of the microfilariae in the second eye.

Grading of ocular AEs
Any new and clinically significant abnormality or worsen-
ing of conditions identified pre-treatment were recorded 
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as an AE. Details of AE recording have been provided 
previously [30]. In brief, AEs were recorded with start 
and stop date and their severity graded according to the 
Onchocerciasis Chemotherapy Research Center (OCRC) 
grading scale. The scale had been developed to quantify 
signs and symptoms of O. volvulus infection caused by 
the immunological reaction to dying and dead microfilar-
iae reaching the end of their natural lifespan, and their 
aggravation following treatment, i.e. Mazzotti reactions 
[74, 75]. The scale was expanded to include other types of 
AEs for the moxidectin Phase 2 [21, 29] and Phase 3 study 
[22, 30] and has been provided previously [30]. OCRC 
grading criteria for Mazzotti reactions differ substantially 
from commonly used grading criteria for similar AE and 
generally reflect grade for grade much less severe symp-
toms. For example, the National Cancer Institute criteria 
include need for medical intervention for grade 2 some-
times, grade 3 frequently and grade 4 nearly always. In 
contrast, most OCRC criteria grade 4 Mazzotti reactions 
require no intervention [30]. All AEs were characterized 
by the investigators in terms of relationship to study drug 
and Mazzotti reaction. Before unblinding, all AEs were 
reviewed centrally by one author (NOO) for characteri-
zation as Mazzotti reactions. The outcome of that central 
review forms the basis of the Mazzotti reactions reported 
here. All AE verbatims were coded using the Medical 
Dictionary for Regulatory Activities (MedDRA version 
13.1). Mazzotti reactions were additionally coded using 
a Mazzotti reaction-specific dictionary since MedDRA 
codes the same reaction by body system, which com-
promises treatment comparisons [30]. Coding using the 
Mazzotti reaction-specific dictionary is the basis for the 
Mazzotti reactions reported in the manuscript. Presenta-
tion across both Mazzotti reactions and other ocular AEs 
in Additional file 1 is based on MedDRA coding.

Statistical analysis
Given the focus on changes in mfAC, only the data for 
the 1463/1472 (99.4%) individuals treated who had 
both eyes evaluated throughout the study are included 
(Table 1). All mfAC values in the text, tables and figures 
are the sum of the mfAC detected across both eyes.

In recognition of the fact that as the number of micro-
filariae in the eyes increases beyond 10 the accuracy of 
the counts decreases, individual counts are presented in 
Figures for illustrative purposes while descriptive sta-
tistics are based on the following six mfAC categories: 
undetected (0), 1–5, 6–10, 11–20, 21–40, > 40. Three 
pre-treatment SmfD categories (10 to < 20, 20 to < 50 
and ≥ 50), referred to as ‘intensity of infection’ (IoI), and 
three post-treatment SmfD categories (0, > 0–5, > 5) were 
defined.

A linear mixed model was used to evaluate the mar-
ginal means of the number of mfAC pre-treatment and 
on Day 4, Months 1, 6, 12 and 18. The model included 
treatment and sex as factors, age as adjusting variable and 
SmfD at baseline as covariate. Study area was included 
as a random effect. Treatment, sex and IoI adjusted mar-
ginal means and 95% confidence intervals (CI) by treat-
ment were extracted from the model. A first series of 
models for each timepoint was run with the raw mfAC 
values to calculate the arithmetic adjusted marginal 
means. A second series of models for each timepoint was 
run with the log transformed mfAC values to calculate 
the geometric adjusted marginal means.

A linear mixed model was used to evaluate the effect 
of both SmfD and mfAC at the timepoint of the outcome 
and previous timepoints on the number of mfAC pre-
treatment, Day 4, and Months 1, 6, 12 and 18. The model 
included treatment and sex as factors and age as adjust-
ing variable. Study area was included as a random effect.

Generalized linear mixed models with a logit link were 
used to evaluate covariates and factors impacting the 
probability of having at least one ocular Mazzotti reac-
tion within the 1st month after treatment and of having 
at least one ocular AE (whether considered Mazzotti 
reaction or not) within 6 months after treatment. mfAC 
levels were included as categorical variable (0, 1–5, 6–10 
and ≥ 11) and SmfD levels as defined above. Only four 
mfAC level categories were considered because of the 
low number of individuals with mfAC ≥ 11 (n = 135 and 
n = 76 in the moxidectin and ivermectin treatment arm, 
respectively). The initial model for ocular Mazzotti reac-
tions included treatment, age, sex, SmfD pre-treatment, 
mfAC levels pre-treatment and on Day 4 as fixed effects 
and study area as random effect. The final model included 
treatment, sex and mfAC levels pre-treatment. The initial 
model for any ocular AE during the first 6 months after 
treatment included treatment, age, sex, SmfD pre-treat-
ment and at Month 1, as well as mfAC pre-treatment, on 
Day 4 and Month 1 as fixed effects and study area as ran-
dom effect. The final model included treatment, age, sex 
and mfAC level at Month 1.

Analyses were conducted with SAS version 9.4 (SAS 
Institute, Cary, NC, USA). Figures were generated in 
Excel 365.

Results
Consort diagram and number of participants 
with both eyes evaluated on Day 4 and Months 1, 6, 12 
and 18
The study CONSORT flow diagram has been reported 
previously [30].
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Table 1 shows the number of individuals with data on 
mfAC obtained from both eyes at Day 4 and Month 1, 
6, 12 and 18 by pre-treatment mfAC category and treat-
ment arm. The maximum number of mfAC was 102 in 

the moxidectin and 92 in the ivermectin treatment arm. 
Additional file 1: Table S1 shows the number of partici-
pants by pre-treatment SmfD, mfAC category and sex.

Fig. 1  mfAC 4 days, 1, 6, 12 and 18 months post-treatment relative to pre-treatment mfAC among participants with < 10 mfAC pre-treatment. x-axis 
mfAC levels pre-treatment, y-axis mfAC levels on Day 4 (D4 1st column), Month 1 (M1 2nd column), Month 6 (M6, 3rd column), Month 12 (M12 4th 
column) and Month 18 (M18, 5th column) post-treatment with ivermectin (IVM, upper row, orange symbols) or moxidectin (Moxi, lower row, green 
symbols). Data from participants from Nord Kivu (∆), Nord Ituri (○), Lofa County (□) and Nkwanta district (◊). mfAC live microfilariae in the anterior 
chambers

Fig. 2  mfAC 4 days, 1, 6, 12 and 18 months post-treatment relative to pre-treatment mfAC among participants with ≥ 10 mfAC pre-treatment. x-axis 
mfAC levels pre-treatment, y-axis mfAC levels on Day 4 (D4 1st column), Month 1 (M1 2nd column), Month 6 (M6, 3rd column), Month 12 (M12 4th 
column) and Month 18 (M18, 5th column) post-treatment with ivermectin (IVM, upper row, orange symbols) or moxidectin (Moxi, lower row, green 
symbols). Data from participants from Nord Kivu (∆), Nord Ituri (○), Lofa County (□) and Nkwanta district (◊). mfAC live microfilariae in the anterior 
chambers
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Number of live microfilariae in the anterior chambers 
on Day 4 and Months 1, 6, 12 and 18
Figures  1 and 2 show the mfAC levels on Day 4 and 
Month 1, 6, 12 and 18 relative to pre-treatment levels for 
each participant and illustrate the inter-individual vari-
ability in the mfAC level change after treatment. 

Figure  3 shows the arithmetic means and the linear 
model derived adjusted geometric mean mfAC pre-treat-
ment and on Day 4 and Month 1, 6, 12 and 18.

Increases in the number of mfAC detected sufficient 
to change the mfAC category occurred from pre-treat-
ment to Day 4 and from pre-treatment to Month 1, 
respectively, in 21% and 16% in the moxidectin treat-
ment arm and 19% and 15% in the ivermectin treat-
ment arm. Furthermore, in 11% of participants in both 
treatment arms mfAC levels increased from Day 4 to 
Month 1 (Table  2). This resulted in maximum mfAC 

levels of up to 23 and 26 on Day 4 and of up to 26 and 
24 at Month 1 among participants with undetect-
able mfAC levels pre-treatment in the moxidectin and 
ivermectin treatment arm, respectively (Additional 
file  1: Table  S2). The mean, standard deviation, mini-
mum and maximum mfAC levels pre-treatment, on 
Day 4 and at Month 1 for all participants with mfAC 
increases from pre-treatment to Day 4 or Month 1 
and from Day 4 to Month 1 are provided in Additional 
file 1: Table S2.

Additional file  1: Table  S3 shows the distribution of 
participants by mfAC category at Day 4 and Month 
1 relative to their distribution pre-treatment and on 
Day 4 resulting from increases in mfAC levels in some 
participants and decreases or changes not affecting 
the mfAC category in others. Across all participants, 
54.9% and 71.5% of moxidectin-treated and 54.1% and 
71.1% of ivermectin-treated participants had no mfAC 
detected on Day 4 and Month 1, respectively. mfAC 
levels > 10 were detected on Day 4 and Month 1 in 
13.1% and 4.9% of moxidectin-treated and 15.9% and 
5.3% of ivermectin-treated participants, respectively.

At Month 6, 12 and 18, the percentage of participants 
with 0 mfAC and 1–5 mfAC detected was 94.8% and 
4.3%, 98.1% and 1.5%, and 98.7% and 1.2%, respectively, 
in the moxidectin treatment arm and 95.5% and 4.1%, 
95.6% and 3.6%, and 95.8% and 3.1% in the ivermec-
tin treatment arm. With two exceptions, the remain-
ing participants had mfAC levels in the 6–10 or 11–20 
mfAC category. Maximum mfAC levels at Month 6, 12 
and 18 were 20, 12 and 6 in the moxidectin treatment 
arm and 11, 12 and 19 in the ivermectin treatment arm, 
respectively (Table 3). One participant from Nord Ituri 
treated with ivermectin had mfAC levels of 56, 120, 
100, 49, 54 and 77 pre-treatment and on Day 4, Month 
1, 6, 12 and 18, respectively, with SmfD levels of 53, 53, 
32, 49 and 72 pre-treatment and at Month 1, 6, 12 and 
18, respectively, qualifying for suboptimal microfilariae 
response and suboptimal response [22]. The Mazzotti 
reactions the participant experienced starting 1 day 
after ivermectin administration (dizziness, headache, 
facial oedema) suggest that pharmacodynamically suffi-
cient ivermectin was absorbed even though the partici-
pant was recorded as having grade 1 diarrhoea from the 
day before to 2 days after ivermectin administration. 
One participant from Nkwanta treated with moxidec-
tin had mfAC levels of 100, 100, 45, 0 and 22 pre-treat-
ment and on Day 4, Month 1, 6 and 12, respectively, 
with SmfD levels of 44, 0, 0 and 0.4 pre-treatment and 
at Month 1, 6 and 12, respectively. That participant did 
not have a Month 18 evaluation because of the protocol 
amendment abolishing the Month 18 visit.

Fig. 3  Arithmetic mean (A) and linear model derived adjusted 
geometric mean (B) mfAC pre-treatment (month 0), 4 days, 1, 6, 12 
and 18 months post-treatment in the moxidectin and ivermectin 
treatment arm. Orange triangle: data in the ivermectin treatment 
arm, green circles: data in the moxidectin treatment arm. Mean: 
arithmetic mean; GM: geometric mean; CI: confidence interval; 
mfAC, live microfilariae in the anterior chambers. The inserts provide 
an enlargement of the data obtained pre-treatment (Month 0) 
and 4 days and 1 month after treatment
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Pre‑ and post‑treatment mfAC levels relative 
to pre‑treatment SmfD (IoI)
Additional file 1: Figs. S1 and S2 show for participants 
with < 10 mfAC and ≥ 10 mfAC pre-treatment, respec-
tively, the mfAC counts before and on Days 4 and 
Month 1, 6, 12 and 18 by IoI and illustrate the inter-
individual variability in pre-treatment as well as post-
treatment mfAC relative to IoI.

Table  4 provides the corresponding distribution of 
participants in the defined pre-treatment mfAC catego-
ries by IoI. The data indicate that as the IoI increases 
the percentage of individuals with undetected mfAC 
decreases. Across both treatment arms, this percent-
age was 70.3%, 63.3% and 45.6% for participants with 
IoI ≤ 20 SmfD, 20– < 50 SmfD and ≥ 50 SmfD, respec-
tively. The percentage with mfAC pre-treatment ≥ 40 
was 1.9%, 1.6% and 2.7%, respectively. Additional file 1: 
Table  S2 provides these percentages for all mfAC cat-
egories. Table 5 presents the distribution by mfAC cat-
egories at Day 4 and Month 1 for the participants with 
an increase in mfAC levels from pre-treatment to Day 4 
and Month 1 and from Day 4 to Month 1 that resulted 
in a higher mfAC category by pre-treatment SmfD cat-
egory. The data suggest that a higher pre-treatment 
SmfD is associated with a higher percentage of indi-
viduals who experienced a transient increase in mfAC 
from pre-treatment to Day 4 and Month 1.

Post‑treatment mfAC levels relative to post‑treatment 
SmfD
Table  6 shows the distribution of participants in each 
treatment arm by mfAC category and SmfD category 
at Month 6, 12 and 18. At Month 6, 12 and 18 after 
ivermectin treatment, mfAC were undetectable in 
all of the 54, 24 and 15 individuals with undetectable 
SmfD, respectively, while mfAC were undetectable in 
91.5%, 92.9% and 94.1% of the 94, 240 and 237 indi-
viduals with > 5 SmfD, respectively. At Month 6, 12 and 
18 after moxidectin treatment, the percentage of par-
ticipants with undetectable mfAC was 94.9%, 99.5% 
and 99.5% among the 830, 434 and 211 participants 
with undetectable SmfD, respectively. No moxidectin-
treated participant had > 5 SmfD at Month 6. At Month 
12 and 18 after moxidectin treatment, mfAC were not 
detected in 90.5% and 95.9% of the 74 and 170 individu-
als with > 5 SmfD, respectively. Additional file  1: Figs. 
S3 and S4 show the data for each individual participant 
for those with < 10 mfAC and those with ≥ 10 mfAC 
pre-treatment, respectively. They illustrate not only the 
inter-individual variability in the change in mfAC rela-
tive to the change in SmfD but also that mfAC reduc-
tion can be slower than SmfD reduction [30].

Participant characteristics impacting mfAC levels 
before and after treatment
As previously reported for mfAC levels at Month 12 in 
participants with at least 10 mfAC [30], there was no sta-
tistically significant difference at any timepoint between 
the mfAC levels in the moxidectin and the ivermectin 
treatment arm. Age and sex were not a significant covari-
ate and factor, respectively. Table 7 provides an overview 
of the impact on the mfAC levels at a particular time-
point of the other covariates (SmfD before or at that 
timepoint and prior mfAC levels) emerging from the lin-
ear model. For all post-treatment timepoints, the mfAC 
levels were statistically significantly impacted by at least 
two of these covariates. Additional file 1: Table S4 shows 
the full output.

Microfilariae in the cornea
Live microfilariae in the cornea were detected pre-treat-
ment in the majority of participants from Lofa (count 
range 3–42) but in only few participants in the other 
study areas. Similarly, dead microfilariae in the cornea 
were more frequently seen in participants from Lofa 
(count range 2–25) than in participants from the other 
study areas (count range 0–18). The reason for this differ-
ence is unknown. At Month 6, 12 and 18, live microfilar-
iae in the cornea were detected only in five (count range 
1–9), zero and one (count = 2) participants from Lofa, 
respectively. Dead microfilariae in the cornea at Month 
6, 12 and 18 were found in one (count = 6), zero and zero 
participants from Nord Kivu, two (counts = 2), zero and 
one (count = 1) participants from Nord-Ituri, 18 (count 
range 1–29), two (count = 1) and one (count = 2) partici-
pant from Lofa and in zero, one (count = 1) and zero par-
ticipant from Nkwanta, respectively.

Ocular Mazzotti reactions and other ocular AEs
As reference for the ocular Mazzotti reactions and other 
post-treatment ocular adverse events, Additional file  1: 
Table S5 provides the ocular medical history the investi-
gators considered relevant and entered into the data base 
by study area.

As previously reported across all participants treated 
[30], a higher percentage of participants treated with 
moxidectin (121/973, 12.4%) than with ivermectin 
(50/490, 10.2%) had at least one ocular Mazzotti reaction, 
but the type of reactions did not differ (Table 8). Among 
those with ocular Mazzotti reactions, a higher percent-
age of moxidectin treated (26/121, 21.5%) than ivermec-
tin treated (6/50, 12%) participants had more than one 
ocular Mazzotti reaction, but there was no trend towards 
higher severity of the ocular Mazzotti reactions after 
moxidectin than ivermectin treatment (Table  9). The 
vast majority of Mazzotti reactions occurred between the 
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day of treatment up to the 2nd day after treatment with 
a trend towards earlier start after moxidectin than after 
ivermectin treatment (Table  10), a trend also seen for 
non-ocular Mazzotti reactions.

The logistic model identified women as at higher risk 
for ocular Mazzotti reactions (OR 1.537, 95% CI 1.096–
2.157, p = 0.0128) and detected pre-treatment mfAC lev-
els as impacting the risk for ocular Mazzotti reactions 
(OR for 0 mfAC: > 10 mfAC 2.704 with 95% CI 1.272–
5.749, p = 0.0098, p = 0.0608 for analysis across all mfAC 
level categories). The OR for treatment with moxidectin: 
ivermectin was 1:0.746 (95% CI 0.519–1.072, p = 0.1127). 

Additional file 1: Table S6 shows the output of the final 
model.

At least one ocular AE (i.e. considered Mazzotti reac-
tion or not) was recorded for 223/973 (22.9%) and 82/490 
(16.7%) of participants to Month 1 and for 92/973 (9.5%) 
and 43/490 (8.8%) of participants from Month 1 to 
Month 6 after treatment with moxidectin and ivermec-
tin, respectively. An overview of participant incidence 
and total number of ocular AEs is provided in Additional 
file 1: Tables S7 and S8. Grade 3 ocular AEs not consid-
ered a Mazzotti reaction in the moxidectin treatment 
arm were eye pruritus in three participants (starting 64, 
86 and 159  days after treatment, respectively), eye pain 
starting 173  days after treatment and cyclitis starting 
174 days after treatment. One ivermectin-treated partici-
pant experienced a grade 3 ocular AE not considered a 
Mazzotti reaction: increased lacrimation starting 10 days 
after treatment. The logistic model showed a higher risk 
of at least one ocular AE within 6  months of treatment 
for women than men (p = 0.015, OR 1.404 with 95% CI 
1.068–1.845) and a significant impact of mfAC levels at 
Month 1 (p = 0.0005 across all mfAC levels evaluated, 
OR 0 mfAC: > 10 mfAC 2.918 with 95% CI 1.737–4.9 
and p < 0.0001). The OR for moxidectin:ivermectin was 
1:0.709 (95% CI 0.536–0.939, p = 0.0165). Additional 
file 1: Table S9 shows the output of the final model.

Discussion
In our study population from CDTI-naïve areas, selected 
to have at least 10 mf/mg skin, around 60% of partici-
pants had undetectable mfAC levels pre-treatment. 
Approximately 19% and 6% had mfAC levels between 1–5 
and 6–10, respectively, and around 2% had > 40 mfAC 
across both eyes (Table  1). Pre-treatment SmfD signifi-
cantly impacted pre-treatment mfAC levels (Table  7). 
Given that pre-treatment mfAC levels of > 10 mfAC 
increased the risk for at least one ocular Mazzotti reac-
tion (Additional file 1, Table S6), it is noteworthy that this 
statistical significance occurs on the background of inter-
individual variability in SmfD vs. mfAC levels (Additional 
file 1: Figs. S1 and S2). The levels of mfAC at a particular 
post-treatment timepoint were statistically significantly 
impacted by SmfD at that and/or previous timepoints 
as well as by mfAC levels at one or more previous time-
points (Table 7) but not by the treatment arm (Additional 
file 1: Table S4). We do not know what drives mfAC levels 
relative to SmfD levels to explain why SmfD are signifi-
cantly lower at Months 1, 6, 12 and 18 after moxidectin 
than ivermectin treatment [21, 22, 30], but there is no 
treatment difference for mfAC levels.

Higher mfAC levels on Day 4 and Month 1 than pre-
treatment were identified in 21% and 16% of moxidec-
tin-treated and 19% and 15% of ivermectin-treated 

Table 7  Impact of SmfD and mfAC levels up to the relevant 
timepoint on mfAC levels pre-treatment and at different 
timepoints post-treatment

mfAC: live microfilariae in the anterior chambers; SmfD: skin microfilariae density 
(microfilariae/mg skin)

mfAC at time Covariates in the final 
model

p value ≤ 0.05 p value > 0.5

PreTx SmfD preTx  < 0.0001

Day 4 SmfD preTx 0.0006

mfAC preTx  < 0.0001

Month 1 SmfD preTx  < 0.0001

SmfD Month 1 0.0058

mfAC preTx 0.1469

mfAC Day 4  < 0.0001

Month 6 SmfD preTx 0.9828

SmfD Month 1 0.0002

SmfD Month 6 0.1561

mfAC preTx 0.6150

mfAC Day 4 0.0419

mfAC Month 1  < 0.0001

Month 12 SmfD preTx 0.0015

SmfD Month 1 0.0544

SmfD Month 6 0.8066

SmfD Month 12 0.001

mfAC preTx 0.0015

mfAC Day 4 0.2651

mfAC Month 1  < 0.0001

mfAC Month 6  < 0.0001

Month 18 SmfD preTx 0.1763

SmfD Month 1 0.9814

SmfD Month 6 0.3455

SmfD Month 12 0.2232

SmfD Month 18 0.7997

mfAC preTx 0.2282

mfAC Day 4 0.6282

mfAC Month 1 0.8748

mfAC Month 6 0.0001

mfAC Month 12  < 0.0001
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participants, respectively. This increase was not 
restricted to individuals with low mfAC levels pre-treat-
ment (Tables  2, 5). A transient increase in mfAC lev-
els in some individuals early after ivermectin as well as 
after DEC treatment has been shown previously, includ-
ing during the clinical studies that supported regulatory 
approval of ivermectin [76–87]. The peak mfAC increase 
around Day 4 after treatment determined in these studies 
informed mfAC measurement on Day 3 or 4 in the mox-
idectin Phase 2 and 3 studies [21, 30]. An mfAC increase 
was not mentioned and cannot be deduced from the data 
provided in other publications of the early ivermectin 
studies [88–90]. Additional file 1: Table S10 provides an 
overview of the data reported. The way mfAC data are 
quantified in the publications (frequency of detectable 
mfAC levels, geometric means, descriptive text) makes it 
impossible to determine the frequency and extent of the 
mfAC increases for comparison with our data.

The lack of evaluation of mfAC changes early after 
treatment in subsequent studies of the efficacy and safety 
of ivermectin may be due to the fact that once the con-
cern that ivermectin may have a similar risk of severe 
ocular reactions as DEC had been alleviated, quantify-
ing changes in the number of ocular microfilariae early 
after ivermectin treatment was not considered important 
anymore. In the context of the proposed introduction of 
DEC as part of a ’pretreat and treat’ strategy into oncho-
cerciasis elimination strategies [49], attention to mfAC 

levels before and increases early after treatment with 
DEC will become important in studies of the safety of 
the ’pretreat and treat’ strategy until a better understand-
ing of the relationship between ocular mfAC before and 
early after treatment and the ocular safety of treatment 
with DEC has been achieved. In our study, pre-treatment 
mfAC levels > 10 significantly increased the risk of having 
at least one ocular Mazzotti reaction [occurring primarily 
within the first few days after treatment (Table 10)] and 
mfAC levels > 10 at Month 1 significantly increased the 
risk of at least one ocular AE within the first 6  months 
after treatment relative to 0 mfAC at these timepoints 
(Additional file 1: Tables S6,  S9). In light of the fact that 
in our study women had a higher risk of having at least 
one ocular Mazzotti reaction and at least one ocular AE 
of any type than men (Additional file 1: Tables S6, S9), sex 
disaggregated analyses of the safety data of further stud-
ies of the ocular safety of ivermectin, DEC or moxidectin 
are indicated.

Within the context of the proposed introduction of 
DEC into onchocerciasis elimination strategies [49], a 
study of the tolerability and effect of ivermectin on skin 
and ocular microfilariae was recently conducted in pri-
marily ivermectin-naïve individuals from hypoendemic 
villages in the Nkwanta North district of Ghana (pre-
treatment SmfD 3 to 86.3 mf/mg). The study included 
mfAC measurement pre-treatment (64/231 with mfAC, 
mfAC range 1–150) and on Day 7, Month 3 and Month 

Table 8  Participants with ocular Mazzotti reactions starting within 1 Month of treatment among participants with both eyes 
evaluated by treatment

1 Among the nine participants who did not have both eyes evaluated at all visits they attended, one had an ocular Mazzotti reaction (pain in right eye, 26 days after 
ivermectin treatment)
2 Verbatims for ‘Ocular discomfort’ included in the moxidectin arm: ‘ocular discomfort’ (n = 5), ‘foreign body sensation in eyes’ (n = 3) and ‘sandy sensation of eyes’ (n = 1) 
and in the ivermectin arm ‘ocular discomfort’ (n = 2), ‘foreign body sensation in eyes’ (n = 2) and ‘cumbersome upper eyelids’ (n = 1)
3 Verbatims for ‘peripheral sensory phenomena’ included ‘heavy sensation of the eyelids’ (moxidectin, duration 1 day), ‘sandy sensation in eyes’ (ivermectin, duration 7 
days) and ‘burning sensation in the eyes’ (ivermectin, duration 132 days)
4 Verbatim: ‘reduced vision’ (moxidectin, duration 1 day)

Moxidectin N = 9731 Ivermectin N = 4901

Mazzotti sign/ symptom n % n %

Eye pruritus 45 4.62 12 2.45

Conjunctivitis 41 4.21 15 3.06

Eye pain 29 2.98 8 1.63

Eyelid oedema 20 2.06 5 1.02

Ocular discomfort2 9 0.92 5 1.02

Tearing/watery eyes 7 0.72 7 1.43

Blurred vision 3 0.31 3 0.61

Photophobia 2 0.21 1 0.20

Peripheral sensory phenomena3 1 0.10 2 0.41

Visual acuity4 1 0.10 0

Total number of participants with at least 1 ocular 
Mazzotti reaction

121 12.4 50 10.2

Total number of Mazzotti reactions 158 58
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6 post-treatment. The study identified a higher number 
of individuals with mfAC on Day 7 (73/231, mfAC range 
1–82). The presentation of the data (frequency of detect-
able mfAC levels, geometric means, ranges and graphical 
presentation of individual participant data excluding the 
Day 7 data) [69] limits comparison with our data but the 
findings presented are consistent with our data and those 
of the early ivermectin studies. The lack of more detailed 
presentation of the mfAC data by Opoku et  al. may be 
due to the fact that they attributed the mfAC increases to 
insensitivity of a single slit-lamp examination for detect-
ing mfAC when counts are low, day to day variation in 
mfAC and easier detection of mfAC after they have been 
paralyzed by ivermectin [69]. The motility of mfAC dur-
ing the first days after ivermectin treatment was found to 
be abnormal (transient immobility for 0.5–1 s, movement 
in extended rather than coiled configuration, motion in 
which mfAC bent only in the middle suggesting spasm) 

[88, 91] but paralysis facilitating counting has to our 
knowledge not been described previously. We observed 
in our study that mfAC were more mobile and difficult to 
count 3–4 days after treatment than at any other time in 
the study, resulting in frequent requests to participants to 
take a head-down position again for at least 5 min before 
counting of the mfAC in the second eye.

While we do not consider the increase in mfAC we 
observed early after treatment in around 20% of par-
ticipants as due to methodological issues, we do recog-
nize the limitations of the accuracy of mfAC counts. It 
is thus important not to overinterpret ‘0 mf counted’ as 
indicating that there are no mfAC in the eyes or a small 
change in mfAC counted as representing a real increase 
or decrease. However, we do think that the data available 
support the hypothesis that a ‘mobilization of microfilar-
iae’ into the anterior chamber can occur. This term was 
used in some of the publications of the early ivermectin 

Table 9  Participants with ocular Mazzotti reactions starting within 1 Month of treatment by severity and treatment among 
participants with both eyes evaluated

1 Moxidectin treatment: One participant had eye pruritus grade 3 starting 1 day after treatment which lessened to grade 2 on day 2 and resolved 2 days later. One 
participant had eye pruritus grade 3 starting on the day of treatment which resolved 2 days later
2  Moxidectin treatment: One participant had conjunctivitis grade 1 starting on the day of treatment, which worsened to grade 3 on the day after treatment before 
resolving 3 days later
3 Ivermectin treatment: One participant had ocular discomfort grade 1 starting on the day of treatment which resolved the next day, reappeared on Day 3 and 
resolved the next day
4 Moxidectin treatment: One participant had watery eyes starting on the day of treatment which resolved 2 days later and reappeared on Day 11 to resolved 6 days 
later. One participant had grade 2 watery eyes starting on the day of treatment which resolved the next day and experienced grade 1 watery eyes starting 8 days after 
treatment which resolved 43 days later
5 Ivermectin treatment: One participant had eye pruritus grade 3 starting on the day of treatment which resolved 2 days later
6 Moxidectin treatment: One participant complained about ‘reduced vision’ starting on Day 2 after treatment which resolved on Day 3 after treatment

Mazzotti sign/symptom Grade Moxidectin N = 973 Ivermectin N = 490

n % n %

Eye pruritus 1 35 3.6 7 1.4

2 8 0.8 4 0.8

3 21 0.2 1 0.2

Conjunctivitis 1 382 3.9 14 2.9

2 2 0.2

3 1 0.10 1 0.2

Eye pain 1 25 2.6 8 1.6

2 4 0.4

Eyelid oedema 1 18 1.8 5 1.0

2 2 0.2 0.0

Blurred vision 1 3 0.3 2 0.4

2 1 0.2

Ocular discomfort 1 8 0.8 43 0.8

2 1 0.1 1 0.2

Tearing/watery eyes 1 64 0.6 55 1.0

2 14 0.1 2 0.4

Photophobia 1 2 0.2 1 0.2

Peripheral sensory phenomena 1 1 0.1 2 0.4

Visual acuity6 1 1 0.1
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Table 10  Participants with ocular Mazzotti reactions starting within 1 Month of treatment by start day and treatment among 
participants with both eyes evaluated

Mazzotti sign/ symptom Start after 
treatment 
(days)

Moxidectin Ivermectin

n % of N (973) % of participants with that 
ocular Mazzotti reaction

n % of N (490) % of participants with 
that ocular Mazzotti 
reaction

Eye pruritus 0 21 2.2 46.7 3 0.6 25.0

1 17 1.7 37.8 6 1.2 50.0

2 2 0.2 4.4 1 0.2 8.3

3 1 0.2 8.3

4 1 0.1 2.2

8 1 0.1 2.2

11 1 0.2 8.3

15 1 0.1 2.2

21 2 0.2 4.4

Conjunctivitis 0 24 2.5 58.5 3 0.6 20.0

1 11 1.1 26.8 4 0.8 26.7

2 3 0.3 7.3 8 1.6 53.3

3 2 0.2 4.9

5 1 0.1 2.4

Eye pain 0 8 0.8 27.6 1 0.2 12.5

1 14 1.4 48.3 2 0.4 25.0

2 2 0.2 6.9 5 1.0 62.5

3 2 0.2 6.9

4 2 0.2 6.9

10 1 0.1 3.5

Eyelid oedema 0 8 0.8 40.0

1 7 0.7 40.0 4 0.8 80.0

2 4 0.4 40.0

3 1 0.1 40.0 1 0.2 20.0

Ocular discomfort 0 7 0.7 77.8 1 0.2 20.0

1 1 0.1 11.1 1 0.2 20.0

3 1 0.1 11.1 2 0.4 40.0

9 1 0.2 20.0

Tearing/watery eyes 0 3 0.3 0.4 2 0.4 28.6

1 1 0.1 0.1 3 0.6 42.9

2 0.00 2 0.4 28.6

4 1 0.1 0.1

8 1 0.1 0.1

11 1 0.1 0.1

Blurred vision 0 2 0.2 66.7

1 3 0.6 100

21 1 0.1 33.3

Photophobia 1 1 0.2

2 2 0.2

Peripheral sensory phenomena 0 1 0.1 1 0.2

1 1 0.2

Visual acuity 2 1 0.1
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studies (e.g. [77, 78]). Mobilisation of microfilariae after 
DEC and ivermectin treatment into the urine and blood 
has been described previously as has appearance of 
microfilariae in other body fluids after DEC treatment 
[77, 78, 92–96]. We also observed mobilisation of micro-
filariae into blood and urine in some participants in the 
moxidectin Phase 2 study (unpublished data, summary 
statistics provided in Additional file 1: Table S11).

At Month 6 and 12, no mfAC were detected, respec-
tively, in 95% and 98% of participants who had received 
a single dose of moxidectin and in 95% and 96% of par-
ticipants who had received a single dose of ivermectin. At 
these timepoints, > 10 mfAC were detected in 0.2% and 
0.2% of moxidectin- and in 0.4% and 0.2% of ivermec-
tin-treated participants, respectively (Tables  3, 4). The 
above referenced study by Opoku and co-workers [69] 
identified mfAC 6 months after ivermectin treatment in 
a comparable percentage of participants [12/212 (5.7%), 
mfAC range 1–35], including ‘low mfAC counts’ in three 
participants who had no mfAC detected pre-treatment 
(but two had mfAC detected on Day 7). In our study, 
covariates impacting Month 6 mfAC levels significantly 
were Month 1 SmfD and Day 4 and Month 1 mfAC lev-
els. Covariates with significant impact on Month 12 
mfAC levels were SmfD pre-treatment and at Month 12 
as well as mfAC levels at pre-treatment, Month 1 and 6 
(Table 7). Repeat dose studies will allow us to determine 
whether the covariates which impacted mfAC levels in 
our study are also impacting mfAC levels after multiple 
treatments. Data analysis not only for inter-individual 
but also intra-individual variability in changes in SmfD 
and mfAC levels is needed to determine whether indi-
viduals show the same pattern of post-treatment changes 
in SmfD and mfAC levels after each treatment or not. 
Depending on the outcome of large-scale studies of the 
safety of the ‘pretreat and treat’ strategy, a non-random 
response pattern will have implications for assessing the 
risk of this strategy. As recently pointed out [97], a non-
random response pattern also has implications for the 
prospects of achieving onchocerciasis elimination with 
ivermectin (conferring an additional advantage to mox-
idectin-based strategies). This will affect the compara-
tive benefit-risk assessment of MDAi vs. different ATS 
required for a decision on whether or not to include a 
‘pre-treat and treat’ strategy in onchocerciasis elimina-
tion guidelines and policies.

Conclusions
Among our ivermectin-naïve study participants from 
onchocerciasis meso- or hyperendemic villages with 
at least 10 mf/mg skin, there was no statistically sig-
nificant difference in the effect of a single dose of 8 mg 

moxidectin or 150 µg/kg ivermectin on mfAC levels on 
Day 4 or Month 1, 6, 12 or 18. Ocular Mazzotti reactions 
occurred in 12.4% of moxidectin and 10.2% of ivermec-
tin treated participants without a difference in the type 
of these reactions or their severity between the treatment 
arms. The extent to which findings on the efficacy and 
safety of ivermectin, moxidectin and DEC in ivermectin-
naïve individuals are relevant for decisions on including 
DEC into strategies for elimination of onchocerciasis 
in areas with a long history of MDAi needs to be deter-
mined. Assuming the benefit of a ‘pre-treat (with iver-
mectin) and treat (with IDA)’ strategy for elimination of 
O. volvulus transmission compared to strategies without 
DEC is demonstrated, additional studies are required to 
support an assessment of the risks of this strategy. Our 
results, as well as the results of the early ivermectin 
studies and past experience with DEC treatment (Addi-
tional file 1: Table S10), suggest that safety studies should 
be designed to improve understanding of (i) the role of 
SmfD and mfAC levels pre-treatment and of mobilisation 
of microfilariae into the anterior chambers early after 
treatment on the safety of DEC and (ii) inter-individual 
susceptibility to adverse reactions to DEC treatment, 
ideally including the determinants. Safety study design 
should also consider the percentage of the population 
which participates irregularly in MDAi (see e.g. [60, 61, 
67, 98, 99]) and the effect of irregular MDAi participa-
tion on SmfD as well as the potential for higher risk of 
women than men for post-treatment AEs. Decisions on 
the risk-benefit ratio of strategies including DEC should 
interindividual variability in skin and/or ocular micro-
filariae levels, inter- and intra-individual variability in 
response to treatment, interindividual variability in fre-
quency, type and severity of adverse reactions as well as 
possible differences between onchocerciasis-endemic 
areas [22]. The decisions should carefully weigh any pro-
jected population-based benefits vs. the risks to even a 
small percentage of individuals. If the benefit of the pro-
posed ‘pretreat and treat’ strategy compared to MDAi or 
to other ATS is demonstrated, knowledge of the deter-
minants of adverse reactions to DEC treatment in even 
a very small percentage of individuals could pave the way 
to ATS which exclude individuals at risk from DEC treat-
ment, as was done for the small percentage of individuals 
with high Loa loa microfilaraemia at risk of severe and 
serious reactions to ivermectin [31, 42–46, 100, 101].
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