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Background. Annual mass treatment with albendazole and ivermectin is the mainstay of current strategies to
interrupt transmission of Wuchereria bancrofti in Africa. More-effective microfilarial suppression could potentially
reduce the time necessary to interrupt transmission, easing the economic burden of mass treatment programs in
countries with limited resources.

Methods. To determine the effect of increased dose and frequency of albendazole-ivermectin treatment on
microfilarial clearance, 51 W. bancrofti microfilaremic residents of an area of W. bancrofti endemicity in Mali were
randomized to receive 2 doses of annual, standard-dose albendazole-ivermectin therapy (400 mg and 150 ug/kg;
n = 26) or 4 doses of twice-yearly, increased-dose albendazole-ivermectin therapy (800 mg and 400 pg/kg; n =
25).

Results.  Although microfilarial levels decreased significantly after therapy in both groups, levels were signifi-
cantly lower in the high-dose, twice-yearly group at 12, 18, and 24 months. Furthermore, there was complete
clearance of detectable microfilariae at 12 months in the 19 patients in the twice-yearly therapy group with data
available at 12 months, compared with 9 of 21 patients in the annual therapy group (P<.001, by Fisher’s exact
test). This difference between the 2 groups was sustained at 18 and 24 months, with no detectable microfilariae
in the patients receiving twice-yearly treatment. Worm nests detectable by ultrasonography and W. bancrofti
circulating antigen levels, as measured by enzyme-linked immunosorbent assay, were decreased to the same degree
in both groups at 24 months, compared with baseline.

Conclusions. These findings suggest that increasing the dosage and frequency of albendazole-ivermectin treat-
ment enhances suppression of microfilariae but that this effect may not be attributable to improved adulticidal
activity.

More than 120 million people in approximately 80 cluding lymphedema, hydrocele, and elephantiasis.

countries are infected with the mosquito-transmitted ~ Despite successful elimination programs in some coun-

filarial nematodes, Wuchereria bancrofti or Brugia spe-
cies. Furthermore, it is estimated that >40 million peo-
ple have chronic, disabling disease manifestations, in-

Received 9 March 2010; accepted 13 May 2010; electronically published 29
October 2010.

Reprints or correspondence: Dr. Amy D. Klion, Laboratory of Parasitic Diseases,
Bldg 50, Rm 6351, National Institutes of Health, Bethesda, MD 20892 (aklion@
nih.gov).

Clinical Infectious Diseases 2010;51(11):1229-1235

© 2010 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2010/5111-0001$15.00

DOI: 10.1086/657063

tries [1], transmission of lymphatic filariasis remains a
problem in many regions of the world. This is partic-
ularly true in resource-poor areas of Africa, including
Mali, where sustaining the World Health Organization—
approved mass treatment regimen of single-dose al-
bendazole (400 mg) and ivermectin (150-200 pg/kg)
annually for 4-6 years poses a significant financial bur-
den [2]. Because microfilarial levels in the blood are
directly responsible for continued transmission by the
mosquito vectors, a more effective suppressive regimen

could accelerate the interruption of transmission and
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Figure 1. Flowchart of study participants.

shorten the overall duration of the mass treatment program.

Currently available antifilarial drugs with activity against W.
bancrofti, the agent of lymphatic filariasis in Africa, include
ivermectin, diethylcarbamazine, albendazole, and doxycycline.
Of these, ivermectin and diethylcarbamazine have each been
shown to be effective in clearing microfilariae from the cir-
culation after single-dose therapy [3], although diethylcarbam-
azine is contraindicated in most of Africa because of the risk
of severe (and possibly life-threatening) posttreatment reactions
in patients with concomitant onchocerciasis. The demonstra-
tion that the addition of albendazole (400 mg) to annual, single-
dose therapy with ivermectin (200 pg/kg) prolonged the sup-
pression of microfilaremia without any noticeable increase in
adverse effects or posttreatment reactions provided the basis
for the current World Health Organization recommendation
of annual single-dose ivermectin-albendazole for lymphatic fil-
ariasis elimination in Africa [4].

Although early studies in French Polynesia suggested that

increased dosage (400 pg/kg) or twice-yearly administration of
ivermectin alone was more effective than standard annual ther-
apy in reducing W. bancrofti microfilaremia [5, 6], the effects
of these parameters in the setting of combination therapy are
unknown. The current study was designed to assess whether
twice-yearly administration of albendazole-ivermectin at an in-
creased dosage (800 mg and 400 ug/kg, respectively) is more
effective in suppressing microfilarial levels than the current
World Health Organization—approved regimen. The effects of
this regimen on adult worm burden, as assessed by serum levels
of circulating filarial antigen and ultrasonography, were also
explored.

STUDY POPULATION AND METHODS

Study population. The study was conducted in the villages
of Tienekebougou and Bougoudiana, ~105 km northwest of

Bamako, Mali. Prior studies in these villages had demonstrated
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Table 1.

Baseline Characteristics of the Study Population

Annual Twice-yearly
standard dose high dose
Characteristic (n = 22) (n = 20) P
Age, median (range), years 45 (18-62) 53 (21-59) .50
Male/female 15/7 15/5 74
Wuchereria bancrofti microfilarial level, median (range), microfilariae/mL 161 (0-1530) 195 (0-1850) .82
Mansonella perstans microfilarial level, median (range), microfilariae/mL 47 (0-958) 98 (0-558) .92
Eosinophil count, geometric mean (range), cells/mm? 606 (224-1995) 566 (92-3484) 44
W. bancrofti circulating antigen level, geometric mean (range), U/mL 7508 (302-140,421) 5632 (641-38,079) .83
Proportion (%) of patients with worm nest detected® 9/21 (43) 7/19 (37) 76°

NOTE. Data given are from the baseline visit immediately before treatment, at which time 2 patients in the annual group and 1 patient in
the twice-yearly group had no detectable microfilarial levels. Per the study inclusion criteria, all enrolled patients had W. bancrofti microfilarial

levels of >60 microfilariae/mL detected at the screening visit.

@ Mann-Whitney U test, unless otherwise indicated.
® Fisher's exact test.

¢ No. of men in whom at least 1 worm nest was detected by ultrasonography/total no. of patients who underwent ultrasonography. No

worm nests were detected in women in either group.

a high prevalence of W. bancrofti microfilaremia. This region
is outside the area of endemicity for onchocerciasis. Patients
had received a single dose of albendazole and ivermectin as
part of the National Program to Eliminate Lymphatic Filariasis
1 year before the start of the study. The study (NCT00339417)
was approved by the ethical review committees of the Faculty
of Medicine, Pharmacy, and Dentistry at the University of Ba-
mako (Bamako, Mali) and of the National Institutes of Allergy
and Infectious Diseases (Bethesda, Maryland). Community per-
mission for the study was obtained from village elders, and
individual oral or written informed consent was obtained from
all participants in French or Bambara, the local language.

Nonpregnant volunteers (n = 390) of both sexes, 14-65
years of age, were screened with a brief medical history and
physical examination and venipuncture between 10 pM and 2
AM for detection of W. bancrofti microfilariae by calibrated thick
smear of 60 uL of blood, assessment of W. bancrofti circulating
antigen levels by enzyme-linked immunosorbent assay
(TropBio), and hemoglobin level (Figure 1). Patients were ex-
cluded from participating in the drug study for the following
reasons: a W. bancrofti microfilarial level of <50 microfiliae/
mL, pregnancy, hemoglobin level <9 g/dL, heavy alcohol use
(>7 beers or other alcohol-containing drinks per week), tem-
perature >37.5°C, serious medical illness, history of allergy to
benzimidazoles or ivermectin, or use of albendazole or iver-
mectin within the past 6 months.

Study design. Eligible participants were randomly assigned
to receive annual treatment with standard-dose albendazole
(400 mg) and ivermectin (150 pg/kg) or twice-yearly treatment
with high-dose albendazole (800 mg) and ivermectin (400 ug/
kg) for 24 months (Figure 1). A brief clinical assessment, in-
cluding vital signs and pregnancy testing (in women of child-
bearing age), was performed at each study time point. Study
medication was administered under the direct observation of

a physician who remained in the study village for 1 week after
treatment to assess adverse events. Venipuncture was performed
between 10 pm and 2 aMm at baseline and every 6 months before
treatment for quantification of W. bancrofti microfilarial levels
(by Nuclepore filtration of 1 mL of blood) and circulating
antigen levels, as well as complete blood cell count. All labo-
ratory assessments were performed by trained personnel un-
aware of the group assignments. Ultrasonography was per-
formed for male and female volunteers at baseline to identify
adult worms in the scrotal and breast lymphatics (filarial dance
sign) [7]. Additional ultrasonography was performed at 12 and
24 months. An experienced radiologist, blinded to the study
group assignments, performed all ultrasound studies.
Statistical analysis. The primary end point of the study
was the difference in W. bancrofti levels between the 2 groups
at 12 months. This was evaluated by examining the W. bancrofti
clearance rates at 12 months using 2-sided Fisher’s exact test
and matching confidence intervals [8] and by assessing the
difference in the percentage of baseline W. bancrofti microfilarial
levels at 12 months by Wilcoxon-Mann-Whitney U test. The
Fisher’s exact test was performed for all patients with complete
data at 12, 18, and 24 months and, in addition, for all ran-
domized patients at 12 months using a conservative pooled
imputation sensitivity analysis, where the missing patients in
each group are imputed with proportions closest to the total
proportion of responders, regardless of treatment group [9].
On the basis of the published data comparing single and mul-
tidose regimens for the treatment of lymphatic filariasis [10]
and a predicted 10% attrition rate, a sample size of 25 per
group was estimated to have 90% power to detect a difference
in the 2 groups by Fisher’s exact test with a 2-sided « level of
.05. One patient in the annual group and 2 patients in the
twice-yearly group had no detectable W. bancrofti microfilariae
at the baseline visit despite a microfilarial level of >50 micro-
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Table 2. Adverse Events in the 2 Study Groups

Relatedness

Duration, to study

Adverse event, patient Treatment group  Study point  Grade® days drugsb
Urticaria, Tie012 Annual Baseline 2 1 D
Epigastric pain, Tie187 Twice yearly Baseline 2 4 P
Angioedema

Tie022 Annual Baseline 1 1 D

Tie132 Annual Baseline 2 8 D

Tie145 Twice yearly Month 12 1 2 D
Abdominal pain

Bou138 Annual Month 6 1 NA® N

Bou156 Annual Month 12 1 8 N

Tie008 Twice yearly Month 6 1 2 P
Diarrhea

Bou138 Annual Month 6 1 NA® N

Bou140 Twice yearly Month 6 1 2 P
Apthous ulcer, Bou156 Annual Month 24 1 4 N
Incarcerated hernia, TieO08  Twice yearly Month 6 3 B N

NOTE. Adverse events occurring at the study time point and for up to 7 days thereafter are reported. D, definitely
related; N, not related.NA, not available; P possibly related.

@ 1, Mild; 2, moderate; 3, severe; and 4, life-threatening or disabling.

b As assessed by the study physician.

¢ Abdominal pain and diarrhea were reported at the 6-month time point in a patient who did not return to report
resolution of symptoms. This patient was in the annual group and had not received albendazole-ivermectin treatment
at this point. The symptoms resolved by the time of the 12-month follow-up.

filariae/mL detected at screening. Those 3 patients have been
excluded from the difference in the percentage of baseline W.
bancrofti analysis. There were similar dropout rates for both
treatment groups (Figure 1), and patients missing responses
were assumed to be missing at random and have been excluded
from all analyses except the sensitivity analysis, in which con-
servative imputations were performed. Changes over time in
binary variables (eg, presence or absence of eosinophilia) were
analyzed using the exact McNemar’s test. Calculations were
performed in either Prism software, version 5.0c (GraphPad),
or R, version 2.10.1 (R Foundation for Statistical Computing),
using the exact2X2 software package, version 1.0.0.

RESULTS

Study population. Patients were recruited and screened in
April 2007 and began treatment in July 2007. On the basis of
the screening results, 51 eligible patients were identified and
randomized to receive standard, annual therapy (n = 26) or
high-dose, twice-yearly therapy (n = 25). Seven patients (3 in
the annual group and 4 in the twice-yearly group) declined to
participate before enrollment, and 2 (1 in each group) signed
consent but refused to undergo venipuncture at the baseline
visit, leaving 42 patients (22 in the annual group and 20 in the
twice-yearly group) in the treatment portion of the study. There
were no significant differences between the 2 groups at baseline
with respect to median age, sex distribution, eosinophil count,

W. bancrofti microfilarial or circulating antigen levels, or the
prevalence of worm nests detected by ultrasonography (Table
1). Clinical disease associated with lymphatic filariasis was un-
common in both groups, with hydrocele found in only 3 pa-
tients (2 in the annual group and 1 in the twice-yearly group)
and a history of lymphedema in only 1 subject (in the annual
group). Sixteen patients (8 in each group) reported a history
of lymphangitis occurring >1 month before the study. As has
been reported in previous studies in this region of Mali, most
W. bancrofti-infected patients (38 [90%] of 42) were coinfected
with Mansonella perstans.

Adverse events. A total of 12 adverse events were reported
by 9 study patients (17%). Mild-to-moderate adverse events
were reported in both treatment groups and included gastro-
intestinal symptoms, urticaria, and localized angioedema, all of
which are consistent with known effects of anthelmintic (al-
bendazole-ivermectin) therapy (Table 2). None of the patients
with angioedema demonstrated respiratory or laryngeal symp-
toms. The only serious adverse event, an incarcerated hernia
requiring surgical intervention, was categorized as unrelated to
the study procedures.

Efficacy. As expected, microfilarial levels decreased signif-
icantly in both groups after albendazole-ivermectin treatment
(Figure 2). Nevertheless, the percentages of pretreatment W.
bancrofti microfilarial levels were significantly decreased in the
high-dose, semiannual group at 12, 18, and 24 months com-
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Figure 2. Reduction of microfilaremia after high-dose, twice-yearly albendazole and ivermectin (4), compared with standard-dose annual treatment
(B). Each symbol represents the value for an individual patient. The horizontal line indicates the geometric mean for the group. *P< .05, annual versus

twice-yearly treatment (Wilcoxon-Mann-Whitney U test).

pared with the group receiving annual, standard-dose treatment
(P<.001, P<.019, and P<.044, respectively, by Wilcoxon-
Mann-Whitney U test). More importantly, complete W. ban-
crofti microfilarial clearance was significantly more common in
the high-dose biannual group, with no patients having results
positive for circulating microfilariae at 12, 18, or 24 months,
compared with 12 of 21, 6 of 19, and 5 of 18 patients with
positive results in the annual treatment group (P<.001, P =
.020, and P = .020, respectively, by 2-sided Fisher’s exact test)
(Figure 3). Because all patients in the twice-yearly group cleared
at the 3 time points, the odds ratio estimates and upper con-
fidence limits are infinite, whereas the lower 95% confidence
limits are 5.05 (12 months), 1.52 (18 months), and 1.28 (24
months). Even the conservative sensitivity analysis at 12 months
showed highly significant results (P = .002, by 2-sided Fisher’s
exact after imputing missing responses in each group in pro-
portion to the overall response rate).

Although no patients had test results negative for W. bancrofti
circulating antigen by 24 months, circulating antigen levels de-
creased in both groups over time (Figure 4). Median percent-
ages of pretreatment levels at 12, 18, and 24 months were 21%,
97%, and 28% in the twice-yearly treatment group, compared
with 23%, 60%, and 31% in the annual treatment group (P
values were nonsignificant for differences between the groups
all time points). The number of patients with worm nests de-
tectable by ultrasonography also decreased significantly from
baseline to 24 months in both groups (P = .016 for the annual
therapy group and P = .031 for the twice-yearly therapy group,
by exact McNemar’s test) over time, with only 1 patient with
positive results in each group by 24 months.

Effect of treatment on clinical parameters.
clinical disease was comparable in the 2 groups, with 2 pre-

Progression of

viously asymptomatic patients (1 in each group) reporting an
episode of lymphangitis and lymphedema at the 6-month study
time point and no new cases of hydrocele, chyluria, or ele-
phantiasis. Eosinophilia (absolute eosinophil count >500 cells/

mm®) was present at baseline in 25 (60%) of 42 patients with
a median baseline eosinophil count of 584 cells/mm® (range,
92-3484 cells/mm’). Both the number of patients with eosin-
ophilia and the degree of eosinophilia decreased after treatment,
with the most significant change occurring at 6 months after
baseline, at which time 11 (29%) of 38 patients had peripheral
eosinophilia (P = .027 for both groups combined, by exact
McNemar’s test) with a median eosinophil count of 286 cells/
mm’ (range, 0-1133 cells/mm’) (P<.001, by Wilcoxon signed
rank test). Hemoglobin levels did not change in either group
over time (data not shown).

DISCUSSION

Although mass treatment with albendazole and ivermectin has
proven to be a successful strategy for the suppression of W.
bancrofti microfilarial counts in a variety of settings, elimination
of transmission has been reported exclusively in countries
where diethylcarbamazine has been administered for many
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Figure 3. Clearance of microfilaremia after high-dose, twice-yearly al-
bendazole and ivermectin, compared with standard-dose annual treat-
ment. The bars represent the percentage of patients with detectable
Wuchereria bancrofti microfilariae at baseline and 6, 12, 18, and 24
months after treatment. Annual, standard-dose treatment is indicated by
the black bars and high-dose, twice-yearly treatment is indicated by the
white bars. *P< .05, annual versus twice-yearly treatment (Fisher's exact
test).
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Figure 4. Reduction of circulating antigen levels (CAg) after high-dose, twice-yearly albendazole and ivermectin (A), compared with standard-dose,
annual treatment (B). Each solid line represents the percentage of pretreatment microfilarial level for an individual patient over time. The dashed line
indicates the 100% pretreatment level. *P< .05, annual versus twice-yearly treatment (Wilcoxon-Mann-Whitney U test). BL, baseline.

years [11-13]. Early estimates of the length of time required
to eliminate transmission of W. bancrofti infection were based
on the assumption that single-dose antifilarial therapy admin-
istered annually for the 4- to 6-year mean reproductive life
span of the parasite would be sufficient to permanently inter-
rupt transmission [14]. More recently, computer simulations
have demonstrated that the number of years needed to elim-
inate transmission depends not only on the life span of the
parasite but also on the vector species, treatment coverage, drug
efficacy, and baseline endemicity [15, 16]. The influence of at
least 1 of these parameters, baseline endemicity, on the reduc-
tion of transmission has been validated in the field [17]. Drug
efficacy is likely to play at least as important a role.

Although a number of studies have suggested that diethyl-
carbamazine-containing regimens are more effective than iver-
mectin and albendazole, the use of diethylcarbamazine to en-
hance efficacy of mass treatment is contraindicated in most of
Africa, including Mali, because of the presence of onchocer-
ciasis. Thus, other methods of enhancing drug efficacy are re-
quired in these regions. In the present study, we examined the
effects of increased dose and duration of albendazole and iver-
mectin treatment on the suppression of microfilaremia in an
area of lymphatic filariasis endemicity in Mali. Not only did
the higher, more frequent dosing lead to reduced levels of mi-
crofilaremia at 12, 18, and 24 months, but also microfilariae
were undetectable in the peripheral blood specimens of all pa-
tients in the high-dose, twice-yearly group at these time points.
At the community level, enhanced clearance of blood micro-
filariae could accelerate the interruption of transmission and
potentially shorten the duration of mass treatment. Interest-
ingly, no differences in circulating antigen levels or the number
of worm nests were seen between the 2 groups, suggesting that
the increased efficacy was not due to killing of adult worms.

Ivermectin and albendazole are broad-spectrum anthelmin-
tics that have been shown to decrease the prevalence and in-
tensity of intestinal helminth infections in the setting of mass

distribution programs for lymphatic filariasis, providing ad-
ditional benefit to treated communities [18]. In contrast, the
effect of standard-dose annual ivermectin and albendazole on
M. perstans infection has been unimpressive [19]. In the present
study, median M. perstans microfilarial levels were unchanged
from baseline in the standard annual dose group but decreased
significantly in the high-dose, twice-yearly group at 12 and 18
months (Figure 5). Both groups demonstrated a significant
decrease in median M. perstans microfilarial levels at 24 months,
although the change was less remarkable in the standard-dose
annual therapy group. Clearance of M. perstans microfilariae
was observed at 24 months in only 1 of 16 M. perstans—positive
patients in the standard-dose annual therapy group, compared
with 4 of 17 in the high-dose, twice-yearly therapy group (P
values were nonsignificant by Fisher’s exact test).

The major limitation of the present study was the lack of
sufficient patients to enroll in the study groups receiving in-
creased-dose annual treatment or standard-dose, twice-yearly
treatment, precluding independent analysis of the effects of
dosage and frequency of dosing on reduction of microfilaremia.
This distinction is particularly important from an economic
standpoint, because albendazole and ivermectin are donated by
Merck and GlaxoSmithKline, respectively, whereas the cost of
drug distribution is borne by the lymphatic filariasis elimination
programs themselves. Although the similarity between the mi-
crofilarial levels in the standard-dose annual therapy group and

The figure is available in its entirety in
the online edition of Clinical Infectious Diseases.

Figure 5. Reduction of Mansonella perstans microfilarial levels after
high-dose, twice-yearly albendazole and ivermectin (4), compared with
standard-dose, annual treatment (B). Each solid line represents the per-
centage of pretreatment microfilarial levels for an individual patient over
time. The dashed line indicates the 100% pretreatment level. *P< .05,
compared with baseline (Wilcoxon-Mann-Whitney U test).
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the high-dose, twice-yearly therapy group at 6 months suggests
that frequency of treatment may be the more important factor,
additional studies are needed to resolve this question.

In summary, increased-dose, twice-yearly therapy with al-
bendazole and ivermectin was more effective in reducing W.
bancrofti microfilarial levels than was standard-dose annual
therapy in a region of high endemicity in Mali, West Africa,
suggesting that more frequent and/or higher-dose therapy
might accelerate the interruption of transmission. Such a strat-
egy could be particularly useful in regions where implemen-
tation of the control program has been delayed by economic
or political factors. Additional studies are clearly necessary to
confirm the findings in areas of differing endemicity and to
determine the relative contributions of increased dosage and
increased frequency to the observed effect.
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