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Background. Improved treatment for onchocerciasis is needed to accelerate onchocerciasis elimination in Africa. Aiming to
better exploit registered drugs, this study was undertaken to determine whether annual or semiannual treatment with ivermectin
(IVM; 200 µg/kg) plus albendazole (ALB; 800 mg single dose) is superior to IVM alone.
Methods. This trial was performed in Ghana and included 272 participants with microfilariae (MF), who were randomly assigned to 4 treatment arms: (1) IVM annually at 0, 12, and 24 months; (2) IVM semiannually at 0, 6, 12, 18, and 24 months; (3)
IVM+ALB annually; or (4) IVM+ALB semiannually. Microfiladermia was determined pretreatment and at 6, 18, and 36 months. The
primary outcome was the proportion of fertile and viable female worms in onchocercomata excised at 36 months.
Results. Posttreatment nodule histology showed that 15/135 (11.1%), 22/155 (14.2%), 35/154 (22.7%), and 20/125 (16.0%) living
female worms had normal embryogenesis in the IVM annual, IVM semiannual, IVM+ALB annual, and IVM+ALB semiannual
groups, respectively (P = .1229). Proportions of dead worms also did not differ between the 4 groups (P = .9198). Proportions of patients without MF at 36 months (1 year after the last treatment) were 35/56 (63%) after annual IVM, 42/59 (71%) after semiannual
IVM, 39/64 (61%) after annual IVM+ALB, and 43/53 (81%) after semiannual IVM+ALB.
Conclusions. The combination treatment of IVM plus ALB was no better than IVM alone for sterilizing, killing adult worms, or
achieving sustained MF clearance. However, semiannual treatment was superior to annual treatment for achieving sustained clearance of Onchocerca volvulus MF from the skin (P = .024).
Keywords. onchocerciasis; therapy; ivermectin; albendazole; semiannual treatment.

Onchocerciasis is a vector-borne nematode disease spread by
black flies (Simulium species). While the adult worms that develop
from transmitted third-stage larvae (L3) reside in subcutaneous
nodules (onchocercomata) and do little harm, the microfilariae
(MF) that are being released cause dermatitis when they reside
in the skin and ocular lesions when they migrate into the eye [1].
Several developments have greatly improved the onchocerciasis situation since the 1970s. Vector control by the Onchocerciasis
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Control Programme in West Africa and mass drug administration (MDA) of Ivermectin (IVM; Mectizan) by the African
Program for Onchocherciasis Control (ended 2015) have considerably reduced parasite infection intensities and onchocerciasis disease rates in many endemic countries [2]. With a smaller
budget to cover 5 neglected tropical diseases (NTDs; lymphatic
filariasis [LF], onchocerciasis, soil-transmitted helminths [STH],
trachoma, schistosomiasis) that are amenable to preventive chemotherapy, the new Expanded Special Project for Elimination of
NTDs [3] will have to rely on donated drugs, financial donations
to cover operational costs, and endemic countries’ drug distribution programs for many more years.
While IVM has good activity against MF, in the doses commonly used for onchocerciasis control programs it does not kill
Onchocerca volvulus adult worms, which have a reproductive
life span of 12–14 years [4, 5]. Adult worms resume production
of MF, which can lead to transmission of new onchocerciasis,
within a few months after IVM treatment.
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Comparison of Repeated Doses of Ivermectin Versus
Ivermectin Plus Albendazole for the Treatment of
Onchocerciasis: A Randomized, Open-label, Clinical Trial

METHODS
Study Population and Ethics Statement

The trial was registered at International Standard Randomised
Controlled
Trial
Number
(https://doi.org/10.1186/
ISRCTN50035143) and approved by the Committee on Human
Research, Publications and Ethics of the Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana; the
Case Western Reserve University Institutional Review Board,
Cleveland, Ohio; the Ethics Committee of the University Bonn,
Germany; and the Ghana Food and Drugs Authority.
The randomized, controlled trial (RCT) was carried out in
the Adansi South and Amansie Central Districts in the Ashanti
Region. In these districts, according to official files, annual
MDA with IVM had been carried out since 2009 (coverage
82–84%). Twice yearly, MDA had not been undertaken until
the end of the trial. Volunteers with MF aged 18–60 years with
at least 1 palpable onchocercoma but otherwise healthy were eligible. Exclusion criteria were: last IVM treatment <7 months
ago, pregnancy, breastfeeding, having a serious medical illness,
weight <40 kg, aspartate aminotransferase, alanine transaminase,
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gamma-glutamyltransferase >1.5 ULN, or significant glycosuria
or proteinuria. Written or thumb printed informed consent was
obtained from all individuals prior to enrollment.
Study Design, Randomization, and Interventions

This trial was a randomized, open-label clinical trial with participants from 36 onchocerciasis-endemic communities with
IVM-MDA since 2009.
Eligible volunteers were randomized to either:
Arm 1: IVM annual, which was an annual single dose of IVM
at 200 µg/kg, given at 0, 12, and 24 months.
Arm 2: IVM semiannual, which was a semiannual single dose
of IVM at 200 µg/kg, given at 0, 6, 12, 18, and 24 months.
Arm 3: IVM+ALB annual, which was an annual single dose
of IVM at 200 µg/kg plus ALB at 800 mg, given at 0, 12. and
24 months.
Arm 4: IVM+ALB semiannual, which was a semiannual
single dose of IVM at 200 µg/kg plus ALB at 800 mg, given at
0, 6, 12, 18, and 24 months.
Instead of the 150 µg/kg regularly used for onchocerciasis, a
dose of IVM at 200 µg/kg was chosen, as it is commonly used
for treating LF. The ALB dose of 800 mg is twice the normal
dose usually administered for LF or STH.
Individuals in the annual arms received vitamin pills at 6 and
18 months. To ensure an equal number of IVM-naive patients
in every treatment group, participants with a history of prior
IVM intake were separately randomized.
The primary outcome of this trial was the percentage of fertile, female, adult worms in accessible nodules at 36 months following initiation of therapy. An alternating logistic regression
analysis (GENMOD, SAS), following the closed testing procedure, was chosen for the analysis of the primary outcome, because it allows for correcting of the possible dependency of the
observation on different worms in 1 patient. See Supplementary
Figure 1 for details on power calculation/sample size estimation.
Safety Monitoring of Study Participants

After the administration of study medication, an active assessment of adverse events was done for the first 3 days and
passive assessments continued for another 4 days for all study
participants
Parasitological Assessment

We took 2 snips of 1–3 mg from skin over the superior iliac
crests, using a corneoscleral punch (Holth), to determine skin
MF loads at baseline and at 6, 18, and 36 months (Figure 1).
Each snip was immersed in 100 µl of a 0.9% sodium chloride
(NaCl) solution in a microtiter plate well. Snips were incubated
overnight at room temperature to allow MF to emerge. The solution was then transferred onto a slide for microscopy. The
snips were weighed using an analytical balance and the MF load
was calculated as MF per mg of skin [13, 14].
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It is therefore widely accepted that new, IVM-complementing
regimens are needed that are either macrofilaricidal or long-term
sterilizing in order to speed up the elimination process if the
milestones set by the London Declaration on NTDs for 2020 or
the World Health Organization’s 2030 Sustainable Development
Goals are to be met [6]. Repeated rounds of MDA with IVM
alone may not be sufficient to eliminate the transmission of onchocerciasis in many African countries before 2050 [7].
Development of novel drugs is well under way, and several
candidates are in early stages of clinical development (https://
www.dndi.org/). However, it will be many years before any of
these drugs can be widely used. This is also true to a lesser extent for moxidectin, a recently registered new drug that is superior to IVM for suppressing microfiladermia [8–10]. The Death
to Onchocerciasis and Lymphatic Filariasis Project (https://
dolf.wustl.edu/) was funded in 2010 to optimize therapy with
existing drugs for elimination of LF and onchocerciasis, and not
just disease control, in alignment with the new World Health
Organization roadmap to 2030. Currently, ALB plus IVM is
widely used in Africa for the elimination of LF, as well as in
many areas co-endemic with onchocerciasis, and shows an excellent safety record. It is unknown whether ALB plus IVM has
an added impact on onchocerciasis adult worm viability and
sterility, compared to IVM alone. If so, this combination could
be used in areas where onchocerciasis occurs without LF. ALB
has been demonstrated to have embryotoxic effects in adult,
female, O. volvulus worms [11, 12]. Therefore, the purpose of
this study was to compare the effects of IVM+ALB with those
of IVM alone for killing and/or sterilizing adult, female, O. volvulus worms and for clearing/suppressing skin MF.

Start of
recruitment

1st treatment

Skin snipping

2nd treatment
6 months
(semi-annual)

3rd treatment
12 months

Skin snipping

4th treatment
18 months
(semi-annual)

5th treatment
24 months

Skin snipping

Nodulectomies
36 months

Skin snipping

Figure 1. Study timeline, starting with the recruitment and ending with the surgical removal of the onchocercomata (nodulectomies) 36 months after the first treatment.
In addition to the treatment time points, the figure also shows the time points when small skin biopsies (skin snipping) were taken to assess the microfilaria load in the skin.

Data Collection at the Trial Sites

Paper-based case report forms were used at the trial sites.
Subsequently, the data were entered by double data entry into
REDCap, hosted at the University Hospital Bonn [18].
Statistics

Analyses were done using SAS version 9.4 (SAS Institute Inc.,
Cary, NC) and SPSS (IBM SPSS Statistics 24, Armonk, NY). We
used 2 data sets (per protocol, PP; intention to treat, ITT) to analyze the data. The ITT set includes all participants randomized
to 1 of the 4 treatment arms who took the drugs at least once.
This analysis set was also used to analyze the safety data. The PP
set (subset of the ITT set) includes all patients who completed
the treatment without any violations of the protocol and were
present for nodulectomies at 36 month. The ITT set was used
for the primary analysis of all parameters. The PP set was used
to confirm the ITT results.
Baseline data were analyzed using an analysis of variance
for age, weight, and years of residence in an endemic area; the
Fisher’s exact test for gender and IVM rounds (categorical);
and the Kruskal-Wallis test for the number of IVM rounds, MF
counts, and the number of nodules and nodule locations. The
Wilcoxon signed-rank test was used for comparisons of MF
counts from individual participants across time.

Alternating regression (GENMOD, SAS) was used to analyze
the histological data. No covariables were included as effectors
in the primary analyses.
Multivariable analyses were done using Proc Genmod
for the histological variables and Proc Log for the analysis of
microfiladermia at 18 and 36 months. The following covariables
were included in the multivariable analyses: MF average at baseline, age, gender, years in endemic area, number of previous
IVM rounds, previous MDA (yes/no), treatment with ALB in
addition to IVM, and treatment interval (annual/semiannual).
RESULTS
Baseline Data

We randomly assigned 294 volunteers to 1 of the 4 treatment
arms without statistically significant differences regarding
the baseline parameters (Table 1). This included the median
MF group densities, which were not statistically different
(P = .588), despite the great range of maximum MF skin snip
counts. There were 272 participants who received the study
drugs at least once, in line with the initially planned sample
size (Supplementary Table 1; Supplementary Figure 1). Of 272
participants, 218 (80%) got their onchocercomata surgically
removed after 36 months. Of these, 197 (72.4%) had followed
treatment according to protocol (PP analysis set). The drop-out
rate of 27.6% corresponded to the originally expected drop-out
rate of 30%.
Treatment and Follow-ups

The study timeline is shown in Figure 1. Participation in treatment and follow-ups are described in Figure 2.
Histological Analysis of the Onchocercomata

Live Versus Dead Female Worms

With a range between 54.8–59.1%, the proportion of dead female worms did not differ between the treatment groups (ITT
P = .9198; PP analysis P = .7206). This also applied when only
patients without previous IVM treatment were considered (ITT
range 48.4–65.8%; P = .5987) (Figure 3A; Supplementary Tables
2A–D).
The multivariable analysis did not reveal any effect on the
variable live/dead female worms.
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Histological Assessment

Nodulectomies were performed at 35.4 ± 0.9 months (range
34–36 months) after the first treatment and at 10.9 ± 0.4 (range
10–12) months after the last treatment. The nodules were fixed
in 80% ethanol or a 4% phosphate-buffered formaldehyde solution. Samples were embedded in paraffin and sections of the
nodules were stained with hematoxylin and eosin, cathepsin
D-like lysosomal aspartic protease of O. volvulus for worm
vitality, and Gomori’s method for iron [13]. At least 6 nodule
sections were histologically assessed [15–17] by 2 assessors
(B. D. and K. F.), who were blinded regarding treatment assignments. To ensure reliability, both assessors performed the
analyses independently. Results from the independent assessments were entered in REDCap by double data entry (Research
Electronic Data Capture) [18]. The 2 assessors met in person to
review and resolve discrepancies in nodule readings.

Table 1.

Baseline Data
IVM annual

IVM semiannual

IVM + ALB annual

IVM + ALB semiannual

73

74

74

73

Female

28 (38.4%)

27 (36.5%)

19 (25.7%)

26 (35.6%)

Male

n
Gender
Age

45 (61.6%)

47 (63.5%)

55 (74.3%)

47 (64.4%)

Mean ± SD

42.7 ± 9.3

39.7 ± 10.3

41.3 ± 11.3

40.5 ± 10.5

95% CI of the mean

(40.5–44.9)

(37.3–42.1)

(38.7–43.9)

(38.1–43.0)

Min–Max

24–60

18–60

19–60

20–60

Mean ± SD

29.3 ± 12.0

24.7 ± 10.0

26.3 ± 13.6

24.9 ± 12.7

95% CI of the mean

(26.5–32.1)

(22.3–27.0)

(23.1–29.4)

(22.0–27.9)

Min–Max
Weight

6–60

3–45

4–55

5–60

Mean ± SD

56.0 ± 9.0

59.1 ± 8.3

58.1 ± 8.5

57.1 ± 8.7

95% CI of the mean

(53.9–58.1)

(57.2–61.1)

(56.2–60.1)

(55.1–59.2)

41–99

43–77

41–86

42–91

21 (28.8%) [19.7–40]

22 (29.7%) [20.5–40.9]

21 (28.4%) [19.4–39.5]

21 (28.8%) [19.7–40]

1 round, n (%)

13 (17.8%)

12 (16.2%)

15 (20.3%)

20 (27.4%)

2 rounds, n (%)

14 (19.2%)

11 (14.9%)

12 (16.2%)

12 (16.4%)

Min–Max
Number of previous
IVM rounds

Previous IVM rounds

Number of nodule
locations

Number of nodules

MF/mg skin

0 rounds, n (%) [95%
CI]c

3 rounds, n (%)

13 (17.8%)

13 (17.6%)

8 (10.8%)

11 (15.1%)

>3 rounds, n (%)

12 (16.4%)

16 (21.6%)

18 (24.3%)

9 (12.3%)

2

2

2

1

95% CI of the mediand

(1–2)

(1–3)

(1–2)

(1–2)

25th; 75th percentiles

0; 3

0; 3

0; 3

0; 3

Min–Max

0–8

0–10

0–10

0–8

2

2

2

2

95% CI of the mediand

(2–2)

(1–2)

(1–2)

(1–2)

25th; 75th percentiles

1; 2

1; 2

1; 2

1; 2

Min–Max

1–5

1–4

1–5

1–5

2

2

3

2

95% CI of the mediand

(2–3)

(2–3)

(2–3)

(2–3)

25th; 75th percentiles

2; 4

1; 3

1; 4

2; 4

Min–Max

1–9

1–12

1–7

1–13

3.6

3.3

5.2

2.7

95% CI of the median

(2.6–7.1)

(1.4–5.6)

(3–7.7)

(1.7–5.7)

25th; 75th percentiles

1.1; 12.6

0.8; 17.1

1; 14.8

0.8; 9.9

Min–Max

0.2–69.5

0.1–113.4

0.1–367.3

0.1–158.6

Median

Median

Median

Median
d

.351a
.337b

.082b

.154b

1.0a

.644e

.944e

.964e

.588e

Abbreviations: ALB, albendazole; CI, confidence interval; IVM, ivermectin; MF, microfilaria; SD, standard deviation.
a

Fisher’s exact test.

b

Analysis of variance.

c

CIs for proportions were calculated using the method recommended by Altman et al [30].

d

CIs for the median were calculated using bootstrapping.

e

Kruskal-Wallis test.

Normal Embryogenesis

As shown in Figure 3B, Table 2, and Supplementary Tables
3A–C, participants had 15/135 (11.1%), 22/155 (14.2%),
35/154 (22.7%), and 20/125 (16.0%) living female worms with
normal embryogenesis in the IVM annual, IVM semiannual,
IVM+ALB annual, and IVM+ALB semiannual groups, respectively (P = .1229). The PP analysis confirmed the ITT analysis
(P = .1722). Equivalence was also observed when only patients without previous IVM treatment were considered (ITT
P = .6877; PP P = .4134). The addition of ALB to IVM did not
reduce female worm fertility. Indeed, recipients of combination treatment had slightly higher percentages of female worms
with normal embryogenesis than recipients of IVM alone (ITT
4 • cid 2019:XX (XX XXXX) • Batsa Debrah et al

P = .0354, odds ratio 1.78 [95% confidence interval 1.04–3.06];
PP: P = .0526; odds ratio 1.73 [95% confidence interval 0.99–
3.02]). Another measure of female fecundity is the presence of
free MF in nodule tissue or insemination of live female worms
(Supplementary Tables 4A and B and 5A and B). Neither of
these 2 parameters showed differences between the 4 treatments
(P = .3731 in free MF nodule tissue; P = .1179 in insemination).
Microfiladermia

A significant difference regarding the rates of individuals
without MF among the 4 groups was detected at 18 months,
with 75.8% in the IVM annual, 93.7% in the IVM semiannual,
81.2% in the IVM+ALB annual, and 86.9% in the IVM+ALB
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Years in endemic area

P Value

Particpants randomized
N = 294
IVM annual
N = 73

IVM semiannual
N = 74

IVM+ALB annual
N = 74

IVM+ALB semiannual
N = 73

Particpants at treatment start:
N = 272
IVM semiannual

IVM+ALB annual

IVM+ALB semiannual

Treated: N = 68

Treated: N = 68

Treated: N = 70

Treated: N = 66

2nd treatment
(6 months)

Treated: N = 63

Treated: N = 66

Treated: N = 67

Treated: N = 63

3rd treatment
(12 months)

Treated: N = 66

Treated: N = 62

Treated: N = 67

Treated: N = 62

4th

Treated: N = 62

Treated: N = 64

Treated: N = 64

Treated: N = 60

Treated: N = 63

treatment
(18 months)
5th treatment
(24 months)

Nodulectomies
(36 months)

Absent: N = 5

Absent: N = 2

Absent: N = 6

Absent: N = 3

Absent: N = 2

Absent: N = 3

Absent: N = 6

Absent: N = 6

Absent: N = 4

Absent: N = 3

Absent: N = 4

Absent: N = 6

Absent: N = 4
Died: N = 1
(Treatment “per protocol”:
N = 60)

Treated: N = 65

Treated: N = 66

Treated: N = 62

(Treatment “per protocol”:
N = 57)

(Treatment “per protocol”:
N = 64)

(Treatment “per protocol”:
N = 52)

Present: N = 56

Present: N = 60

Present: N = 64

Present: N = 53

Operated: N = 54

Operated: N = 55

Operated: N = 59

Operated: N = 50

(Operated “per protocol”:
N = 55)

(Operated “per protocol”:
N = 43)

Absent: N = 11
Died: N = 1

No nodules: N = 2

(Operated “per protocol”:
N = 52)

Absent: N = 4

Absent: N = 3

Absent: N = 6

Absent: N = 5
Died: N = 3

No nodules: N = 4
Not operated on surgeons
advice: N = 1
(Operated “per protocol”:
N = 47)

No nodules: N = 4
Refused operation: N = 1

Absent: N = 4

Absent: N = 11
Died: N = 2

No nodules: N = 3

Figure 2. Participant flow chart, showing the number of participants randomized, treated, and operated. Participants who were absent for 1 or more treatments were always invited to continue treatment at the next visit or to come for the nodulectomies. Therefore, the number of absent participants changed between the respective visits. All
participants that took part in the treatment or nodulectomies with no major violations to the protocol are listed in parentheses as “per protocol.” In total, 294 patients were
randomized, but 22 participants did not take part in the treatment at all, due to pregnancy (n = 1), traveling (n = 10), refusal to participate (n = 3), moving (n = 3), and medical
reasons (n = 5). To reach the initially planned number of 272 participants, 22 additional patients were consecutively randomly assigned. The first treatment (n = 272) was
carried out in 2 batches: the first group (n = 182) was treated from 9–22 February 2013 and the second group (n = 90) from 6–13 April 2013. The second treatment (n = 259;
95.2%) was carried out 5.5 ± 0.6 months (range 5–8) after the first treatment. The third treatment (n = 257; 94.5%) was carried out 12 ± 0.8 months (range 11–13) after the
first treatment and 5.9 ± 0.9 months (range 4–7) after the second treatment. The fourth treatment (n = 251; 92.3%) was carried out 17.8 ± 0.8 months (range 16–19) after
the first treatment and 5.4 ± 0.5 months (range 4–6) after the third treatment. The fifth treatment (n = 254; 93.4%) was carried out 23.8 ± 0.8 months (range 22–25) after the
first treatment and 5.7 ± 0.5 months (range 5–6) after the fourth treatment. The nodulectomies (n = 233; 85.7%) were carried 35.4 ± 0.9 months (range 34–36) after the first
treatment and 10.9 ± 0.4 months (range 10–12) after the fifth treatment. Abbreviations: ALB, albendazole; IVM, ivermectin.

semiannual groups (Kruskal-Wallis, P = .035). A similar trend
was present when we compared MF/mg skin among the 4
groups at this time point (P = .051). Comparing the annual
and semiannual treatment (±ALB) groups, 21.4% in the annual
group but only 9.7% in the semiannual group tested positive
for MF at 18 months. A multivariable analysis clearly revealed
that, beside the baseline counts of MF/mg skin (P < .001), the
semiannual drug administration had a significant influence on
the clearance of MF (P = .011). This result was confirmed by
the PP analysis (Figures 4A–D; Tables 3 and 4; Supplementary
Tables 6A–F).

The proportion of individuals that completely cleared MF
at 36 months were 63% in the IVM annual, 71% in the IVM
semiannual, 61% in the IVM+ALB annual, and 81% in the
IVM+ALB semiannual group. The addition of ALB did not
improve or sustain MF clearance. However, the semiannual
drug administration resulted in superior sustained MF clearance (annual 62%; semiannual 76%; P = .024). This result was
confirmed by the multivariable analysis, where, in addition to
the baseline MF/mg skin counts (P = .011), semiannual drug
administration was significantly associated with the sustained
clearance of MF (P = .029). A similar trend was seen in the PP
Intensified Treatment of Onchocerciasis • cid 2019:XX (XX XXXX) • 5
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IVM annual
1st treatment
(0 months)

A: Number of live and dead female worms
per treatment arm

B: Normal embryogenesis in live female
worms per treatment arm

100%

100%

80%

80%

218

230

207

184

60%

60%

40%

40%
151

182

171

142

20%

0%

live

0%

dead

81

75

20

11
15

22

34

30

66

64

19

11

35

20

uterus empty
oocytes only
degenerated embryogenesis only
normal embryogenesis

Figure 3. Histology (intention to treat). A, The number of live and dead female worms, per treatment arm. B, The embryogenesis in live female worms, per treatment arm.
Abbreviations: ALB, albendazole; IVM, ivermectin.

analysis (MF/mg skin at baseline P = .006; annual/semiannual
P = .064).
Adverse Events

A total of 617 adverse events were reported during the 5 treatment rounds; 415 (67.3%) of these occurred after the first treatment, with no differences between the 4 treatment groups. The
adverse events included cutaneous itching (31.4%), different
Table 2.

types of pain (14.1%), swollen limbs (10.4%), headache (8.8%),
cutaneous rash (6.3%), fever (6%), swollen face (2%), and
other conditions, such as nausea, dizziness, vomiting, abdominal discomfort, and ocular reactions (n = 7; blurred vision ±
itching painful eyes, all resolved without any residues). During
the conduct of the study, 6 study participants died. None of
the deaths were related to the study drugs (IVM annual n = 1,
IVM semiannual n = 3; IVM+ALB semiannual n = 2) and all

Embryogenesis: Intention to Treat
Number of Living Female Worms
Embryogenesis

Treatment

Number of Patients/Nodules

IVM annual

54/155

151

16

34

75

11 (8.1% [5–14])

IVM semiannual

55/165

182

27

32

81

20 (12.9% [9–19])

IVM + ALB annual

59/157

171

17

34

66

19 (12.3% [8–18])

35 (22.7% [17–30])

IVM + ALB semiannual

48/140

142d

17

30

63

11 (8.8% [5–15])

20 (16% [11–23])

216/617e

646

77

130

286

61 (10.7% [8; 14])

All

All

Judgement Not
Possiblea

Uterus Empty

Oocytes Only

Degenerated
Embryogenesis Only

Normal
Embryogenesisb,c
15 (11.1% [7–18])
22 (14.2% [10–21])

92 (16.2% [13; 19])

Data are given as n (% [95% confidence interval]).
Abbreviations: ALB, albendazole; IVM, ivermectin.
a
In 77 out of the 646 live female worms, the judgement of the embryogenesis was not possible: for example, due to bad quality of the slide, the uterus not being truncated, indefinable
contents of the uterus, or folded worm sections.
b

95% confidence intervals for proportions were calculated using the recommended method by Altman et al [30].

c

Comparison of all groups (live female worms with normal embryogenesis vs all other live female worms with evaluated embryogenesis): P = .1229 (Proc Genmod, SAS).

d
In 1 live female worm, judgement of embryogenesis was possible but could not be assigned to 1 of the embyrogenic stages, as the worm was neoplastic. Therefore, the described stages
sum up to 141 instead of 142. The worm has been analyzed as a worm with no normal embryogenesis.
e
The nodules from 2 out of 218 patients could not be analyzed, because no oncho nodules or no worm section could be found (IVM + ALB semiannual n = 2); 60 nodules out of 677 nodules
analyzed were not evaluable (IVM annual n = 8, IVM semiannual n = 14, IVM + ALB annual n = 22, IVM + ALB semiannual n = 16).
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32

34

A: Number of MF-positive/ MF-negative
participants at 18 months, after 2 annual/ 3
semiannual treatments (for all participants 6
months after last treatment)

B: Number of MF-positive/ MF-negative
participants at 36 months, after 3 annual/ 5
semiannual treatments (for all participants
12 months after last treatment)

100%

100%

80%

80%

60%

47

59
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C: Number of MF-positive/ MF-negative
participants at 18 months grouped for annual
or semiannual treatment without taking the
addition of ALB into acount

100%

60%

43

21

25

17

10

0%

MF-positive

MF-negative

D: Number of MF-positive/ MF-negative
participants at 36 months grouped for annual
or semiannual treatment without taking the
addition of ALB into acount

100%
74

80%
85

60%

99

112

40%

40%
20%

39

42

40%

0%

80%

35

46

27

20%
0%

0%

MF-negative
MF-positive

27

12

MF-negative
MF-positive

Figure 4. Absence of MF in the skin (intention to treat). A, The number of participants with/without MF at 18 months, after 2 annual/3 semiannual treatments (for all participants at 6 months after the last treatment). B, The number of participants with/without MF at 36 months, after 3 annual/5 semiannual treatments (for all participants at
12 months after the last treatment). C, The same participants as in panel A, at 18 months, but only grouped for annual or semiannual treatment, without taking the addition of
ALB into account. D, The same participants as in panel B, at 36 months, but only grouped for annual or semiannual treatment, without taking the addition of ALB into account.
Abbreviations: ALB, albendazole; IVM, ivermectin; MF, microfilaria.

deaths happened 7–10 months after the patients received their
last verum treatment. No other serious adverse events were observed (Table 5; Supplementary Table 7).
DISCUSSION

The question of whether IVM plus ALB is superior to IVM
alone for onchocerciasis was raised 25 years ago, when Awadzi
and Buettner examined the efficacy of a single dose of this

combination in onchocerciasis patients [11, 19, 20]. The rationale for their study was that, while IVM preferentially acts on
late embryonic stages in the female worm uterus (pretzel stages
and stretched MF), ALB has embryotoxic effects [12] that manifest as 66% suppression of MF counts for at least 1 year [11].
However, administration of a single, 400 mg dose of ALB, combined with IVM at 200 µg/kg, failed to a show greater reduction
in MF, as compared to IVM alone [19, 20]. These studies involved small numbers of participants, used ALB only at a dose
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Table 3.

Microfiladermia: Intention to Treat

Baseline

n

MF positive

n (%)

MF/mg skin

Median
95% CI of the mediana
Geometric meanb

IVM semiannual

IVM + ALB annual

IVM + ALB semiannual

68

68

70

66

68 (100%)

68 (100%)

70 (100%)

66 (100%)

4.5

3.3

5.2

3.6

(2.9–7.6)

(1.4–5.7)

(2.9–8.1)

(1.7–6.2)

4.5

5.7

5.5

0.2–69.5

0.1–113

0.1–367

0.1–159

25th; 75th percentiles

1.2; 14.1

0.8; 15.2

0.9; 14.8

0.9; 10.8

63

66

67

63

26 (41.3%) [30–53.6]

26 (39.4%) [28.5–51.5]

30 (44.8%) [33.5–56.6]

18 (28.6%) [18.9–40.7]

n

MF positive

n (%) [95%CI]d
Median
95% CI of the mediana

0

0

0

0

(0–.25)

(0–.13)

(0–.29)

(0–0)

Geometric meanb

0.25

0.25

0.35

0.19

Min–Max

0–4.2

0–4.6

0–13.9

0–3.3

0; 0.3

0; 0.3

0; 0.6

0; 0.2

P < .001

P < .001

P < .001

P < .001

62

63

64

61

15 (24.2%) [15.2–36.2]

4 (6.3%) [2.5–15.2]

12 (18.8%) [11.1–30]

8 (13.1%) [6.8–23.8]

0

0

0

0

95% CI of the mediana

(0–0)

(0–0)

(0–0)

(0–0)

Geometric meanb

0.09

0.02

0.11

0.06

Min–Max

0–3.7

0–0.7

0–4.2

0–1.6

0; 0

0; 0

0; 0

0; 0

P < .001

P < .001

P < .001

P < .001

56

59

64

53

21 (37.5%) [26–50.6]

17 (28.8%) [18.8–41.4]

25 (39.1%) [28.1–51.3]

10 (18.9%) [10.6–31.4]

0

0

0

0

(0–0.05)

(0–0)

(0–0.05)

(0–0)

0.2

0.15

0.23

0.16

0–6.3

0–5.6

0–11.1

0–6.1

0; 0.3

0; 0.1

0; 0.2

0; 0

P < .001

P < .001

P < .001

P < .001

25th; 75th percentiles
P Value (comparison to baseline)
18 months

n

MF positive

n (%) [95%CI]d

MF/mg skin

Median

f

25th; 75th percentiles
P Value (comparison to baseline)
36 months

n

MF positive

n (%) [95%CI]d

MF/mg skin

Median

f

95% CI of the mediana
Geometric meanb
Min–Max
25th; 75th percentiles
P Value (comparison to baseline)

f

P Value

.77c
.262e

.268c

.035e

.051c

.075e

.139c

These P-values are written in bold to show the significant values below .05.
Abbreviations: ALB, albendazole; CI, confidence interval; IVM, ivermectin; MF, microfilaria.
a

CIs for the median were calculated using bootstrapping.

b

The geometric mean was calculated by adding 1 to the original MF values and subtracting 1 from the final result.

c

Kruskal-Wallis test.

d

CIs for proportions were calculated using the method recommended by Altman et al [30].

e

Fisher’s exact test.

f

Wilcoxon signed-rank test.

of 400 mg, and followed the participants for just 1 year. In the
present trial, we wanted to find out whether IVM combined
with ALB at higher doses (800 mg), given multiple times, and
given up to twice per year for 3 years might generate a more
sustained reduction in MF or adult female worms. This is the
first RCT that has dealt with this question in a patient cohort
where the sample size calculation was done such that it would
have also picked up a difference in adult female worm fertility
of only 15% (see Supplementary Figure 1). Our data show that
neither the viability nor fertility of female worms were significantly reduced by the addition of ALB. The addition of ALB
also did not enhance MF clearance at the 18- or 36-month follow-up time points. Instead, our study confirmed earlier studies
[21] that suggested that switching from annual to semiannual
treatment with IVM, with or without ALB, would result in
8 • cid 2019:XX (XX XXXX) • Batsa Debrah et al

significantly lower MF burdens. Notably, this was also observed
here at 36 months (Table 4), 1 year after the last treatment. MF
in the skin at that time reflect renewed production and release
by female adult worms. This suggests that the more frequent
administration of IVM results in reduced female worm fertility
for a period of up to 1 year by a mechanism that might not be
observed by histology.
The overall low proportion of adult female worms with ongoing embryo production (11.1–22.7%) is a limitation of this
study. In historical ivermectin-naive hyperendemic areas, the
expected proportion of dead adult female worms does not exceed approximately 20% [22, 23], and higher proportions are
indicative of transmission reduction, with less young worms
developing. Of the live female worms in these prior studies, approximately 30–40% did not produce embryos and presented
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5.2

Min–Max
6 months
MF/mg skin

IVM annual

Table 4.

Microfiladermia: Intention to Treat, Annual Versus Semiannual Treatment

Baseline

n

MF positive

n (%)

MF/mg skin

Median

Annual Treatment

Semiannual Treatment

138

134

138 (100%)

134 (100%)

95% CI of the mediana
Geometric meanb

4.4
0.1–159

25th; 75th percentiles

1.1; 14.3

0.8; 11.1

130

129

56 (43.1%)

44 (34.1%)

95% CI

(34.9–51.7)

(26.5–42.6)

Median

0

0

(0–0.2)

(0–0)

n (%)
e

95% CI of the mediana
Geometric meanb
Min–Max
25th; 75th percentiles
f

P value (comparison to baseline)
18 months

n

MF positive

n (%)

0.3

0.22

0–13.9

0–4.6

0; 0.4

0; 0.3

P < .001

P < .001

126

124

27 (21.4%)

12 (9.7%)

95% CI

(15.2–29.4)

(5.6–16.2)

Median

0

0

(0–0)

(0–0)

e

95% CI of the mediana
Geometric meanb
Min–Max
25th; 75th percentiles
P value (comparison to baseline)f
36 months

n

MF positive

n (%)

0.1

0.04

0–4.2

0–1.6

0; 0

0; 0

P < .001

P < .001

120

112

46 (38.3%)

27 (24.1%)

95% CI

(30.1–47.3)

(17.1–32.8)

Median

0

0

(0–0)

(0–0)

e

95% CI of the mediana
Geometric meanb
Min–Max
25th; 75th percentiles
P value (comparison to baseline)f

0.2

0.15

0–11.1

0–6.1

0; 0.2

0; 0

P < .001

P < .001

.29c
.161d

.118c

.014d

.012c

.024d

.03c

These P-values are written in bold to show the significant values below .05.
Abbreviations: ALB, albendazole; CI, confidence interval; IVM, ivermectin; MF, microfilaria.
a

CIs for the median were calculated using bootstrapping.

b

The geometric mean was calculated by adding 1 to the original MF values and subtracting 1 from the final result.

c

Kruskal-Wallis test.

d

Fisher’s exact test.

e

CIs for proportions were calculated using the method recommended by Altman et al [30].

f

Wilcoxon signed-rank test.

with empty uteri or oocytes only [22]. These proportions were
clearly exceeded in the current trial. Thus, the low number
of live worms, the small size of nodules, and the fact that
Table 5.

the majority of live worms were old (645 old worms/845 live
worms; 77.3%) suggest that transmission has been low in the
study area for some time. In addition, the subgroup of patients

Adverse Events: Number of Patients With Adverse Events/Total Number of Patients
IVM annual

IVM semiannual

IVM + ALB annual

IVM + ALB semiannual

0 months

43/68 (63.2%)

48/67 (71.6%)

50/70 (71.4%)

45/66 (68.2%)

6 months

11/62 (17.7%)

16/66 (24.2%)

5/66 (7.6%)

16/63 (25.4%)

12 months

9/66 (13.6%)

6/62 (9.7%)

13/67 (19.4%)

11/62 (17.7%)

18 months

6/62 (9.7%)

13/64 (20.3%)

4/64 (6.3%)

7/60 (11.7%)

24 months

8/63 (12.7%)

6/65 (9.2%)

12/66 (18.2%)

7/60 (11.7%)

Abbreviations: ALB, albendazole; IVM, ivermectin.

Intensified Treatment of Onchocerciasis • cid 2019:XX (XX XXXX) • 9

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciz889/5571844 by guest on 12 December 2019

5.4

MF positive

MF/mg skin

(2.1–5.4)

0.1–367

n

MF/mg skin

3.4

(3.4–7.1)

Min–Max
6 months

MF/mg skin

4.9

P Value
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