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rates at 6 and 12 months were significantly greater relative to 
IA (improvement of 83% and 61%, respectively) (Table 2) and 
showed a trend for greater Mf clearance at 24 months, but this 
difference was not significant (P = .53).

Compared with baseline, IDA reduced mean individual Mf 
levels by more than 99% at 6 months, 98.9% at 12 months, and 
93.2% at 24 months (Figure 2). Estimates of Mf counts for this 
analysis could not be calculated at 36 months because individ-
uals who were Mf positive at 24 months were retreated. Annual 
IA treatment reduced mean individual Mf levels by 95.8% at 
6 months, 80.1% at 12 months, 93.5% at 24 months, and 93.7% 
at 36 months. Reductions in Mf levels were significantly greater 
at 6 and 12 months after IDA (P < .001) (Figure 2), but not at 
24 months. Overall, there was an 81% greater reduction in Mf 
levels at 12  months compared with IA (incidence rate ratio 

[IRR], .19; 95% confidence interval [CI],  .12–.33; P  <  .0001), 
but no benefit of IDA treatment on reduction in Mf levels at 
24 months (IRR, .89; 95% CI, .58–1.37; P = .59). The cumula-
tive Mf burden following a single dose of IDA over 24 months 
was an average of 7.2 Mf/mL (783/109; total Mf at 6, 12, and 
24 months divided by the total number of individuals examined 
at the same time points) versus 27.4 Mf/mL (3431/125) over the 
same period after 2 doses of IA, representing a 3.8-fold reduc-
tion in Mf levels with single-dose IDA.

Effects of Treatment on Circulating Filarial Antigenemia

Pretreatment mean levels of CFA were similar between the 
treatment groups (Table 1). The CFA levels decreased to a much 
greater extent in the arm that received IDA at 6 and 12 months 
(Figure 3A) (P <  .01). For both treatment arms, there was no 
further significant reduction in CFA levels at 24 and 36 months 
compared with the 12-month time point. This lack of change 
in mean CFA in the IDA arm from 24 to 36 months is notable 
in that 16 participants who were Mf positive at 24 months were 
retreated with IDA (see below).

Effects of Treatment on Filarial Adult Worm Nests

Fifty-six of 73 men (77%) who had scrotal ultrasounds at base-
line had nests with motile adult worms: 22 men in the IDA arm 
and 34 men in the IA arm, with an average of 2.6 (range, 1–7) 
nests (Table 1). IDA treatment inactivated all detectable worm 
nests in 74%, 81%, 79%, and 79% of participants at 6, 12, 24, and 
36 months, respectively (Table 3). Worms that were inactivated 
at 12 months posttreatment remained inactive for the duration 
of the study. IA treatment inactivated all detectable worm nests 
noted at baseline in 18%, 36%, 44%, and 40% of participants at 
6, 12, 24, and 36 months, respectively.

Table 1. Baseline Characteristics of the Study Participants

Characteristics IA (n = 52) IDA (n = 43)

Age, median (IQR), years 35 (26, 45) 35 (25, 47)

Male sex, n (%) 46 (88) 38 (88)

Microfilaria count, geometric mean  
(range), Mf/mL

190 (51–1064) 198 (51–1498)

Men with worm nests/number  
examined (%)

34/41 (83) 22/32 (69)

Mean worm nestsa (range) 2.5 (1-6) 2.7 (1-7)

Mean ± SD FTSb 2.75 ± 0.52 2.74 ± 0.48

Circulating antigen, geometric  
mean (95% CI),c ng/mL

25.6 (17.4–33.8) 35.9 (22.3–49.5)

Abbreviations: CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; FTS, 
Filarial Test Strip; IA, ivermectin plus albendazole; IDA, ivermectin plus diethylcarbamazine 
plus albendazole; IQR, interquartile range; Mf, microfilaria; SD, standard deviation.
aIn men with 1 or more worm nests detected by ultrasound.
bAverage of FTS score of 1, 2, or 3.
cMeasured by ELISA using the same antibodies used for the FTS.

Table 2. Clearance of Microfilaremia After Treatment for Lymphatic Filariasis

Months After Initial Treatment

 6 12 24 36

Triple-drug regimen administered once

 Participants, n 35 38 36 33

 Participants with complete clearance of Mf, n 31 27 22 18

 Clearance, % (95% CI)a 89 (77–99) 71 (56–85) 61 (45–77) 55 (38–72)b

Two-drug regimen administered annually for 3 years

 Participants, n 44 42 39 42

 Participants with complete clearance of Mf, n 15 11 21 33

 Clearance, % (95% CI)a 34 (20–48) 26 (14–42) 54 (38–70) 79 (67–91)

 P valuec <.001 <.001 .53 .045

 Relative risk of incompleted clearance (95% CI) 0.17 (.06–.45) 0.39 (.23–.67) 0.84 (.50- 1.43) 2.14 (1.06–4.23)

 P valuee <.001 <.001 .64 .033

Abbreviations: CI, confidence interval; Mf, microfilaria.
aThe 95% CIs were calculated using the binomial exact methods.
bParticipants who were Mf positive at 24 months and retreated were assumed to still be Mf positive at 36 months for calculating clearance rates.
cP values derived by using chi-square test between the 3-drug regimen compared with the 2-drug arm.
dRelative risks are shown for the arm that received the 3-drug regimen as compared with the arm that received the 2-drug regimen.
eP values are for the relative risks between the 2 treatment groups.
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Relative to baseline, IDA treatment reduced the mean 
number of detectable worm nests in men by 84%, 89%, 90%, 
and 90% at 6, 12, 24, and 36 months, respectively (Figure 4). IA 
resulted in a lower reduction in worm nests at the same time 
points of 10%, 53%, 60%, and 63%, respectively. Worm nest size 
and the degree of lymphatic vessel dilatation did not change at 
any time point in either arm. We retreated 5 individuals in the 
IDA arm who were microfilaremic and had persisting worm 
nests at 24 months: 4 participants had a single worm nest and 1 
participant had 2 nests. One year after retreatment with IDA, 4 

of 5 individuals retained the same number of worm nests and 1 
man with a single worm nest showed inactivation.

Appearance of New Worm Nests After Treatment

Some study participants acquired new worm nests 
(Supplementary Figure 1). Seven participants in the IA treat-
ment arm had 1 or more new adult worm nests at 6 months, 
with a total of 15 new worm nests after treatment. Four addi-
tional IA recipients had new worm nests (with a total of 8 new 
nests) at 12  months. At 36  months, 2 additional individuals 
in the IA arm were observed to have 1 new worm nest each. 
IDA recipients had no new adult worm nests detected at 6 or 
12  months. However, 2 IDA recipients had a total of 3 new 
worm nests at 24 months and 2 additional IDA recipients each 
had 1 additional new worm nest at 36 months.

Retreatment of Microfilaria-positive Individuals at 24 Months

Fourteen individuals treated with IDA at baseline were Mf 
positive at 24 months, 9 of whom were positive at 12 months 
(Table 2, Supplementary Figure 2). The Mf-positive individuals 
at 24 months were retreated with IDA and all but 1 individual 
completely cleared microfilariae. Of note, the baseline geo-
metric mean Mf counts for individuals who were Mf positive at 
24 months (277 Mf/mL) versus those who were Mf negative at 
baseline (175 Mf/mL) were similar (P = .14).

Adverse Events After Treatment

Ninety-one of 95 individuals treated (96%) were evaluated for 
AEs 24 hours posttreatment. Of participants in the IDA and IA 
arms 47% and 40% had AEs after treatment, respectively (Table 
4). No severe (grade 3) or serious AEs were observed. The fre-
quency of mild, subjective AEs (grade 1) was similar between 
the 2 treatment arms, with headache, joint pain, fatigue, and 

Figure 2. Mean percent decrease (95% CI) in microfilaremia levels at 6, 12, and 
24 months after treatment for the 2 treatment arms, as determined by microfilaria 
(Mf) counts at each time point divided by baseline Mf count for each participant. 
The numbers of participants for each time point are shown in Table 2. Participants 
without detectable Mf are included in the analysis and considered to have 100% 
clearance. ***P < .001 using Mann–Whitney test (2-sided) comparing individuals 
at 6 and 12 months. Abbreviations: ALB, albendazole; CI, confidence interval; DEC, 
diethylcarbamazine; IVM, ivermectin; Mf, microfilaria.

Figure 3. Changes in circulating filarial antigen (CFA) relative to baseline as determined by enzyme-linked immunosorbent assay (A) or Filariasis Test Strip (FTS) score (B). 
A, The mean (±standard error of the mean [SEM]) percentage of persisting CFA levels relative to baseline (CFA levels at 6 or 12 months/CFA levels at baseline) is shown 
(ivermectin plus albendazole [IA] arm: n = 30, 28, and 15 at baseline and 6 and 12 months, respectively; ivermectin plus diethylcarbamazine plus albendazole [IDA] arm: 
n = 26, 24, and 14 at the same time points). B, Mean (±SD) FTS score results for all individuals for which a microfilarial level was determined. *P < .05, **P < .01, ***P < .001 
using Mann–Whitney U test for comparisons between IA and IDA groups. Abbreviations: ALB, albendazole; CFA, circulating filarial antigen; DEC, diethylcarbamazine; FTS, 
Filariasis Test Strip; IA, ivermectin plus albendazole; IDA, ivermectin plus diethylcarbamazine plus albendazole; IVM, ivermectin; SD, standard deviation;  SEM, standard 
error of the mean.
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nausea being the most common symptoms (Supplementary 
Table 1). Grade 2 AEs occurred in 5 participants (12%) after 
IDA and in 1 participant (2%) after IA (Table 4) (P = .07). The 
odds of a participant experiencing a grade 2 AE increased by 
23% for each incremental increase of 100 Mf/mL count (odds 
ratio, 1.23; 95% CI, 1.09–1.43; P = .04).

DISCUSSION

Results from this study show that a single dose of IDA was 
more effective for clearing W.  bancrofti microfilaremia at 6 

and 12  months, and at least as effective as 2 annual doses of 
IA at 24 months posttreatment. By 36 months, however, 3 an-
nual treatments of IA were superior in complete clearance of Mf 
compared with a single dose of IDA. The overall greater cumu-
lative reduction in Mf in the first 2 years with a single dose of 
IDA compared with 2 doses of IA shows better efficacy of IDA. 
This increased efficacy is likely related to the macrofilaricidal 
effect of DEC, as previously described [15, 16] and documented 

Table 3. Participants With Inactivation of All Detectable Worm Nests After Treatment

Months After Initial Treatment

 6 12 24 36

IDA administered once

 Participants with worm nests examined,a n 19 21 19 19

 Participants with complete inactivation of worm nests, n 14 17 15 15

  % (95% CI) 74 (54–94) 81 (64–97) 79 (61–97) 79 (61–97)

IA administered annually for 3 years

 Participants with worm nests,a n 28 28 27 25

 Participants with complete inactivation of worm nests, n (%) 5 10 12 10

  % (95% CI) 18 (4–32) 36 (18–54) 44 (25–63) 40 (22–58)

 P value (chi-square) <.001 .002 .08 .032

Abbreviations: CI, confidence interval; IA, ivermectin plus albendazole; IDA, ivermectin plus diethylcarbamazine plus albendazole.
aOnly data from participants with worm nests detected by ultrasound at baseline are included in this table.

Figure 4. The effect of treatment on the number of adult worm nests detected 
by ultrasonography. The mean (±SEM) number of worm nests in scrotal lymphatics 
pretreatment and at 6, 12, 24, and 36 months posttreatment is shown. Only men 
with detectable worm nests in the scrotal lymphatics at baseline were examined 
at follow-up. Annual ivermectin plus albendazole (IA) treatment significantly re-
duced worm nests from baseline at 12, 24, and 36 months (P = .015, P < .001, and 
P < .001; paired Wilcoxon rank sum test). A single treatment with ivermectin plus 
diethylcarbamazine plus albendazole (IDA) resulted in significantly greater reduc-
tions in worm nest counts relative to annual treatment with IA for all time points 
posttreatment (P  <  .001). The significance of this difference was determined by 
the Mann–Whitney U test. The 5 participants in the IDA arm who were retreated 
with IDA at 24 months were included in the worm nest analysis, because the ad-
ditional round of treatment had almost no additional effect on worm nests (see 
text). Abbreviations: ALB, albendazole; DEC, diethylcarbamazine; IA, ivermectin 
plus albendazole; IDA, ivermectin plus diethylcarbamazine plus albendazole; IVM, 
ivermectin; SEM, standard error of the mean.

Table 4. Adverse Events Following Treatment of Lymphatic Filariasis

IDA (n = 43) IA (n = 48)

At least 1 AE n (%) 20 (47) 19 (40)

Individuals with ≥2 AEs 14 (33) 6 (13)

Severe or serious AEs 0 0

Fever ≥37.5°Ca 7 (17) 6 (12)

Hemodynamic changesb 4 (10) 2 (4)

Overall grade 1 AEs (subjective)c 20 (47) 19 (40)

Overall grade 2 AEs (subjective)c 5 (12) 1 (2)

Grade 2 AEs by symptoms   

 Fatigue 2 (5) 0

 Nausea/vomiting 1 (2) 1 (2)

 Muscle ache 0 1 (2)

 Joint pain 1 (2) 0

 Eye swelling 1 (2) 0

 Rash 1 (2) 0

 Lightheadedness 0 1 (2)

 Dyspnea 1 (2)  

Abbreviations: AE, adverse event; IA, ivermectin plus albendazole; IDA, ivermectin plus 
diethylcarbamazine plus albendazole.
aThe number of individuals with temperatures ≥37.5°C based on axillary temperature. The 
highest temperature recorded posttreatment was 38.4°C.
bDefined as a change in blood pressure of 30 mm Hg systolic or 20 mm Hg diastolic com-
pared with the pretreatment recording. One subject in the IA arm developed transient hy-
pertension (170/110) and another had a decrease in systolic blood pressure not considered 
to be hypotensive (100/60). One subject treated with IDA also developed transient hyper-
tension (160/110) and 3 subjects had decreases in systolic blood pressure, but without 
meeting criteria for hypotension. None of these changes required medical intervention 
(all were grade 1).
cOnly grade 2 AEs are listed by symptoms. With respect to specific grade 2 AEs, 1 par-
ticipant in the IA treatment arm had 3 different grade 2 AEs and 2 participants in the IDA 
treatment arm had 2 different grade 2 AEs.
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in the current study, with increased inactivation of adult worms 
and reduction in CFA levels compared with IA. Many people 
treated with IDA who had sustained clearance of Mf after treat-
ment had persistent filarial antigenemia. This suggests that 
most worms not killed by the IDA regimen were sterilized, 
which is consistent with data from other studies [3, 4]. As IA 
also reduced worm nests by 53% at 12 months posttreatment, 
this suggests that ALB alone has some macrofilaricidal activity 
[19]. However, additional doses of IA at 12 and 24 months had 
little additional effects on clearing worm nests that survived the 
first treatment, suggesting some worms were unresponsive to 
ALB. Similarly, retreatment of Mf-positive individuals with IDA 
in the IDA arm at 24 months had little effect on further clear-
ance of worm nests or reduction in CFA levels. This failure to 
inactivate some worm nests with repeated DEC treatment has 
been previously observed [20], especially in younger individ-
uals [21] and in high transmission areas [22], suggesting that 
younger worms may be less susceptible to treatment.

There are several limitations to this study. Most participants 
in the study were males (see explanation in Methods). Due to 
logistical reasons, we were unable to reach our desired sample 
size; however, posttreatment follow-up had fewer dropouts than 
anticipated. Another limitation of the study was the retreatment 
of Mf-positive individuals at 24 months following a single dose 
of triple-drug therapy. This was not in the original protocol; 
however, this was requested by the Ivorian Institutional Review 
Board. This did not affect our primary endpoint of Mf clear-
ance at 36  months. We considered all persons who were Mf 
positive 24 months after IDA treatment to have failed to clear 
Mf at 36  months, because they were unlikely to have cleared 
Mf during the subsequent year without retreatment. There were 
fewer individuals in the IDA arm because some individuals 
were excluded after being assigned to this arm and subsequently 
identified with onchocerciasis.

Moderate (grade 2) AEs were slightly more frequent after the 
first IDA treatment than after IA, but all AEs resolved within 
2 to 3 days, which is consistent with other studies of IDA [23].

This study confirms that single-dose treatment with IDA is 
well tolerated and more efficacious against W. bancrofti larvae 
and adults than IA and comparable to 2 rounds of IA. The failure 
of IDA to sustain clearance of Mf at 36 months, as was observed 
in PNG, may be related to reinfection, as suggested by the pres-
ence of new worm nests. This study is the first demonstration 
of IDA efficacy in Africa, and our results support mathemat-
ical models that suggest that annual treatment with IDA could 
decrease the number of rounds of MDA needed to achieve 
elimination [24, 25], which would be extremely valuable in lo-
gistically difficult areas. Currently, IDA cannot be used in areas 
coendemic with onchocerciasis, due to the potential effects 
of DEC on those with high onchocercial Mf levels. However, 
IDA could be used in LF “hot spots” that are coendemic with 

onchocerciasis, if Mf levels can be reduced by pretreatment with 
IVM prior to IDA. Studies are currently ongoing to determine 
if this is feasible.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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