TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (2002) 96, 189-192

Ivermectin and albendazole alone and in combination for the treatment of
lymphatic filariasis in Ghana: follow-up after re-treatment with the combination
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Abstract

The efficacy of re-treatment with the combination of ivermectin (150-200 pg/kg bodyweight) and
albendazole (400 mg) on Wuchereria bancrofti microfilaraemia was assessed in 1997-99 in 4 groups of
individuals from coastal Ghana, which 1 year previously had received a primary treatment with placebo
(n = 38), albendazole (n = 39), ivermectin (n = 34) or combination of albendazole and ivermectin
(n = 42), respectively. One year after the re-treatment, an overall mean reduction in microfilarial
intensity of 76:2% in relation to the intensity before re-treatment was observed, with no statistical
significant difference between the 4 groups. The groups given primary treatment with placebo or the
drug combination showed re-treatment reductions which were lower (72:5% and 69-8%, respectively)
but not statistically significantly different from the reduction observed 1 year after the primary treatment
with the combination (86-7%). The efficacy of the combination treatment thus appeared to be largely
independent of the type of primary treatment given and multiplicative when used repeatedly.

Keywords: filariasis, Wuchereria bancrofti, microfilariae, chemotherapy, re-treatment, drug combinations, ivermectin,

albendazole, disease control, Ghana

Introduction

Lymphatic filariasis, resulting from infection with
Wuchereria bancrofti, is recognized as a major cause of
morbidity and disability in many countries in tropical
Africa (MICHAEL & BUNDY, 1997; SIMONSEN et al.,
1997a). Until recently there had been no large-scale
programmes designed for its control, largely owing to
the fact that there were no effective control tools and
strategies. However, important diagnostic and thera-
peutic advances have recently been made, that have
brought renewed hope for control (OTTESEN er al.,
1997; OTTESEN, 2000).

The classical drug for treatment of lymphatic filaria-
sis, diethylcarbamazine, can induce severe and some-
times life-threatening adverse reactions in individuals
with onchocerciasis. For this reason the use of diethyl-
carbamazine is contraindicated in most countries of
Africa. A major breakthrough for African lymphatic
filariasis control was therefore the demonstration that
ivermectin, widely used for onchocerciasis control, is
also an effective and safe microfilaricide in lymphatic
filariasis (CHODAKEWITZ, 1995; CAO et al, 1997).
More recently, other studies have suggested that iver-
mectin in combination with albendazole may have an
even greater filaricidal effect in lymphatic filariasis than
ivermectin alone (ADDISS et al., 1997; OTTESEN et al.,
1997, 1999; ISMAIL et al., 1998). The current recom-
mendation for African countries with endemic oncho-
cerciasis is therefore to base control programmes on
annual mass treatment with a combination of ivermec-
tin and albendazole (OTTESEN et al., 1997; OTTESEN,
2000).

To contribute to the development and optimization
of strategies for control of lymphatic filariasis in en-
demic areas of Africa we conducted a field trial in
Ghana to determine and compare the efficacy of iver-
mectin and albendazole alone and in combination in
W. bancrofti infections. Findings from the first year
were reported previously (DUNYO et al, 2000a,
2000b). At 1 year after the primary treatment, all
individuals were re-treated with the combination of
albendazole and ivermectin, irrespective of the original
treatment given. This report focuses on the efficacy of
the combination re-treatment on microfilaraemia.
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Materials and Methods
Study design

The study was conducted in 1997-99 in 4 coastal
villages in south-western Ghana that were known to be
highly endemic for lymphatic filariasis (DUNYO et al.,
1996). The overall study design and the effect of treat-
ment on W. bancrofti microfilaraemia, circulating fila-
rial antigenaemia and clinical manifestations during the
first year after start of treatment have been reported
previously (DUNYO er al, 2000a, 2000b). In brief,
permanent residents in the study villages aged =1 year
who were willing to participate in the trial were clini-
cally examined for chronic manifestations of lymphatic
filariasis, and fingerprick blood was collected for exam-
ination for microfilariae (mf) and circulating filarial
antigens. Thereafter the patients were randomized into
4 groups to receive one of the following treatments:
placebo, albendazole (400 mg), ivermectin (150—
200 pg/kg bodyweight), or combination of albendazole
and ivermectin. Treatment was given immediately after
blood sampling and the tablets were swallowed under
direct observation by the project team. Clinical exam-
ination and blood sampling for mf and circulating
filarial antigen determination were again carried out at
12 months after treatment. Immediately thereafter all
individuals were re-treated with the combination of
albendazole (400 mg) and ivermectin (150 pg/kg body-
weight), irrespective of the primary treatment. Twelve
months later (i.e., 24 months after the primary treat-
ment) blood samples were again collected to determine
mf intensities. Excluded from treatment were children
aged <6 years and pregnant women, Oral informed
consent to participate was obtained from those aged
=15 years and from the parents of younger individuals,
under the witness of the village chief and elders. The
study was approved by the Ministry of Health in
Ghana, and the Central Scientific—Ethical Committee,
Denmark.

Overall, 1425 individuals received the primary treat-
ment, of whom 340 (23-9%) were mf positive before
treatment (DUNYO ez al., 2000a, 2000b). The present
study examined the efficacy of treatment on microfila-
raemia among the 153 individuals who were mf positive
before the primary treatment, who received both pri-
mary treatment and re-treatment, and who were exam-
ined for mf both at 1year and 2 years after start of
treatment (Fig. 1).

Parasitological examinations
Blood specimens were collected from all individuals
in the night from 21:00. Fingerprick blood (100 pL)
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Fig. 1. Overall design of the trial, showing the number of Wuchereria bancrofti mf-positive individuals receiving primary treatment
and the number of these remaining at the various subsequent steps (number of mf-positive individuals with =100 mf/mL at pre-
treatment in parentheses). n = the number of individuals originally included for primary treatment (both mf positive and mf
negative). The present study deals with only the 153 individuals listed in the last line of the Figure. Combination = albendazole

together with ivermectin.

was collected in heparinized capillary tubes and emp-
tied into 900 pL of 3% acetic acid. The specimens were
later examined for mf in the laboratory by using the
counting chamber technique (MCMAHON et al., 1979),
and mf intensities were expressed in mf/mL blood.

Data analysis

W. bancrofti mf in the study area have nocturnal
periodicity (DZODZOMENYO et al., 1999). The mf in-
tensities detected were adjusted for sampling time by
multiplying the counts. with a time-specific factor, as
described previously (SIMONSEN ez al., 1997b). Geo-
metric mean intensities (GMIs) of microfilaraemia were
calculated as antilog [(} log (x+1))/n] — 1, with x
being the number of mf/mL of blood and » the number
of individuals examined.

To compare the efficacy of treatment between
groups, mf intensity after treatment was expressed in
proportion of mf intensity before treatment for each
individual, as (mf/mL after treatment+ 1)/(mf/mL
before treatment + 1). The log-transformed propor-
tions were statistically compared by i-test or one-way
analysis of variance, as appropriate. The geometric
mean of proportions for each group, calculated as
antilog [(} log (individual proportion))/n], was used
as an expression for the average relative mf intensity
after treatment. The average reduction was calculated
as 1 — (the average relative mf intensity), and was

expressed in percent. Categorical variables were com-
pared by y’-test. P-values less than 0-05 were consid-
ered statistically significant.

Results

A total of 153 individuals fulfilled the criteria for
inclusion in the study (mf positive before primary treat-
ment, received both primary and re-treatment, and
examined for mf both at 1 and 2 years after start of
treatment). Among these, 38, 39, 34 and 42 received
placebo, albendazole, ivermectin and combination dur-
ing the primary treatment, respectively, and all received
the combination of ivermectin and albendazole during
re-treatment (Fig. 1). Sex, age and mf GMIs of these
individuals at the start of the study are shown in Table
1. None of these characteristics differed significantly
between the 4 groups (P > 0-05 for all tests).

Drug efficacies in the overall study population at
1 year after the primary treatment were assessed and
analysed previously (DUNYO ez al., 2000b). The effica-
cies in the smaller population included in the present
study were comparable. Thus, mf GMIs at 1 year after
start of treatment were 98-9%, 40-9%, 18:8% and
13:2% of pre-treatment levels in the placebo, albenda-
zole, ivermectin and combination groups, respectively
(Table 1). Statistical analysis of mf intensity reductions
indicated a significant difference between the 4 groups
(Table 2), which was due to significant differences

Table 1. Baseline characteristics of the study population in Ghana, and the effect of primary treatment
and re-treatment on W. bancrofti mf status and mflevels (1997-99)

Pre-treatment (year 0)

Follow-up at year 1 Follow-up at year 2

Primary No. individuals Mean age No. mf positive = mfGMI  No. mf positive  mf GMI
treatment included in years mf (% of pre- (% of pre- (% of pre- (% of pre-
group (males/females) (range) GMI treatment) treatment) treatment) treatment)
Placebo 38 (21/17) 38-4 (8-86) 1197 35 (92-1) 1184 (98-9) 34 (89-5) 360 (30-1)
Albendazole 39 (24/15) 39-0 (9-77) 1345 35 (89-7) 551 (40-9) 31 (79-5) 141 (10-5)
Ivermectin 34 (27/7) 33-3 (8—-87) 865 25 (73-5) 163 (18:8) 24 (70-6) 71 (8-2)
Combination 42 (23/19) 35-4 (7-70) 923 32 (76-2) 122 (13-2) 29 (69-0) 65 (7-0)
Total 153 (95/58) 366 (7-87) 127 118

Only individuals who were mf positive before the primary treatment, who received both primary and re-treatment, and who were
examined at both 1 and 2 years after start of treatment are included. GMI, geometric mean intensity among all examined (in

mf/mL).
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Table 2. Efficacy of primary treatment and re-treatment (combination only) on mf intensities one year
later among those being mf positive at the time of treatment

Primary treatment group One-way
analysis of
Placebo  Albendazole Ivermectin Combination variance
Efficacy of Erimary treatment :
No. mf-positive individuals treated 38 34 42 -
Relative year 1/year 0 mf intensity® 0-989 0-410 0-189 0-133 P < 0-001°
Reduction (%) 1-1 59-0 81-1 86-7 -
Efficacy of re-treatment (combination)
No. mf-positive individuals treated 35 25 32 -
Relative year 2/year 1 mf intensity® 0-275 0-188 0-200 0-302 P =0-754
Reduction (%) 725 81-2 80-0 69-8 -

“For calculation, see Materials and Methods.

®Scheffe’s post-hoc test indicated significant differences between the placebo and ivermectin group (P = 0-010) and between the

placebo and combination group (I < 0-001).

between placebo and ivermectin group and between
placebo and combination group. However, the reduc-
tion in the combination group was not significantly
different from that in the ivermectin group. Only a few
individuals changed from mf positive to mf negative
over the first study year (Table 1), and there was no
statistical significant difference between the 4 groups of
the present study in this respect (y*-test, P > 0-05).

Further reductions in mf GMIs were observed at
2 years after start of treatment, i.e., 1 year after all
individuals had received re-treatment with the combi-
nation of ivermectin and albendazole (Table 1, Fig. 2).
The average mf intensity reduction between the year 1
and year 2 follow-up surveys for those who were mf
positive at the time of re-treatment was 76-2%, and
statistical analysis indicated no significant difference in
efficacy of the re-treatment between the 4 groups
(Table 2). The combination treatment therefore ap-
peared equally effective irrespective of the earlier treat-
ment given. A few individuals changed from mf positive
to mf negative over the second study year but at 2 years
after start of treatment 90%, 80%, 71% and 69% were
still found to be mf positive in the placebo, albendazole,
ivermectin and combination groups, respectively
(Table 1).

Two additional issues of interest as regards the effi-
cacy of the combination treatment were invesrigated.

Primary

treatment Re-treatment

v v

1 Y

Relative mf intensity

0 12 24
Months after start of treatment

Fig. 2. The efficacy of treatment on Wuchereria bancrofti mf
intensities in the 4 study groups of individuals receiving
primary treatment with placebo (#), albendazole (M), iver-
mectin (A) and combination of albendazole and ivermectin
(®) and re-treatment with the combination, The average
r;:llative mf intensities (in relation to pre-treatment levels) are
shown.

First, mf intensity reductions in the combination group
over the first study year were higher than those ob-
served in the placebo group over the second study year
(86:7% vs 72-5%; Table 2), but the difference was not
statistically significant (independent -test, P > 0-05).
Secondly, mf intensity reductions in the combination
group over the first study year were higher than those in
the same group over the second study year (86:7% vs
69-8%; Table 2), but again the difference was not
statistically significant (paired r-test, P > 0-05).

To avoid the bias caused by a diminished sensitivity
of the diagnostic test at low mf intensies, all the above
analyses on treatment efficacy were also carried out for
individuals who had =100 mf/mL of blood before re-
treatment (34, 34, 29 and 36 individuals in the placebo,
albendazole, ivermectin and combination groups, re-
spectively; see Fig. 1). However, although actual figures
for reductions differed slightly from those obtained
when all mf-positive individuals were included, statisti-
cal analyses gave comparable results in all cases.

Discussion

Mass chemotherapy to reduce transmission is the key
intervention measure for control of lymphatic filariasis,
and for African countries with endemic onchocerciasis
annual treatment with the 2-drug combination of iver-
mectin and albendazole is currently recommended
(OTTESEN et al., 1997; OTTESEN, 2000). This strategy
was chosen after trials in Sri Lanka and Haiti had
shown the combination treatment to be safe and to
effectively reduce W. bancrofti microfilaraemias (AD-
DISS et al., 1997; OTTESEN et al., 1997, 1999; ISMAIL
et al., 1998). An additional benefit to the treated
populations is the broad anthelmintic activity of both
drugs (OTTESEN et al., 1997, 1999). To assess the
safety and efficacy of the combination therapy in the
African region a large-scale double-blind placebo-con-
trolled trial was subsequently carried out in coastal
Ghana. Findings gathered during the first study year
confirmed the safety and high efficacy of the ivermec-
tin—albendazole combination (DUNYOQ et al., 2000a,
2000b).

The study was unblinded after the first study year,
and all individuals were re-treated with the combina-
tion of ivermectin and albendazole. The present study
addressed the efficacy of re-treatment with the combi-
nation of ivermectin and albendazole among the micro-
filaraemic individuals originally treated. Drop-outs
among the study individuals (due to movement out of
the study area, and unwillingness to continue with
repeated fingerpricks and/or night blood sampling)
resulted in a study population which was smaller than
that previously included for analysis of efficacy of the
primary trearment. However, the drug efficacy ob-
served over the first study year in the current smaller






