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Abstract
We conducted a randomized double-blind placebo-controlled study, in the Ahanta West District of Ghana,
on the provocative day test effect of ivermectin and albendazole alone and in combination on nocturnal
periodic Wuchereria bancrofti microfilaraemia. Sixty-three individuals with high night-time microfilaria (mf)
intensities were identified in 1997 or 1998 and randomized into 4 groups. Blood samples for mf were then
collected from the same individuals in the daytime (between 09:00 and 15:00) immediately before and 30—
50 min after treatment. Groups 1-4 were treated with ivermectin alone (150-200 pg/kg), albendazole
alone (400 mg), the combination of ivermectin and albendazole, and placebo, respectively. Intensities of mf
in daytime samples were considerably lower than in night-time samples. Neither ivermectin or albendazole
alone nor their combination provoked significant liberation of W. bancrofti mfinto the peripheral circulation

after the daytime treatment.
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Introduction

Throughout the endemic regions of Africa, microfilar-
iae (mf) of Wiuchereria bancrofti have been found to
exhibit nocturnal periodicity with the highest number
in the peripheral blood during night-time and few or
none during daytime (GATIKA er al., 1994; SIMONSEN et
al., 1997a; DZODZOMENYO er al., 1999). For optimal
accuracy of diagnosis, examinations for mf therefore
have to be conducted during the night, preferably close
to the periodic peak intensity around midnight. How-
ever, night blood sampling, especially in field surveys, is
inconvenient to both the technical staff and the patients.

The mf of nocturnally periodic W. bancrofti can be
stimulated (‘provoked’) to appear in the blood during
daytime by the administration of a low dose of diethyl-
carbamazine (DEC) (KATAMINE, 1970; MANSON-
BAHR & WIJERS, 1974; SIMONSEN er al., 1997b). Since
the search for mf in day blood specimens after a
provocative dose of DEC appears to be as sensitive a
method for detecting microfilaraemia as the examination
of night blood specimens (MCMAHON et al., 1979a), the
DEC provocative day test has commonly been used for
daytime diagnosis, and in some communities even for
daytime field surveys, for lymphatic filariasis (WIJERS,
1977; MCMAHON et al., 1981). However, DEC is not
recommended for use in areas endemic for Onchocerca
volvulus or Loa loa infections because of the risk of
inducing Mazzotti reactions (WHO, 1995), and there-
fore the DEC provocative day test cannot be used in
many parts of Africa.

Ivermectin has now been recommended as the drug of
choice for treatment and control of lymphatic filariasis in
areas of Africa that are co-endemic for onchocerciasis
and/or loiasis (OTTESEN et al., 1997). A role for alben-
dazole in combination with ivermectin has furthermore
been suggested for such areas (OTTESEN er al., 1997).
While carrying out a field trial on the efficacy of
ivermectin and albendazole alone and in combination
for the treatment of lymphatic filariasis in coastal Ghana
(DUNYO et al., 2000) we therefore decided to investigate
also the provocative day test effect of the intervention
drugs in a double-blind placebo-controlled study.

Materials and Methods

The study was conducted in 2 lymphatic filariasis
endemic villages, Miamia (July 1997) and Asemko
(August 1998), in the Ahanta West District of Ghana.
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The residents were first screened by finger-prick night
blood sampling between 21:00 and 24:00 to identify mf-
positive individuals. Sixty-three individuals (39 males,
24 females), aged 872 years, with high mf intensities
and on normal daily activities were selected and ran-
domly assigned to 4 treatment groups. Then, finger-
prick blood was sampled from each participant during
the day, between 09:00 and 15:00, immediately before
and 30-50 min after drug administration. Groups 1-4
were treated blindly with ivermectin alone (150-
200 pg/kg bodyweight) plus albendazole placebo, alben-
dazole alone (400 mg) plus ivermectin placebo, the
combination of ivermectin and albendazole, or placebo
for both drugs, respectively.

The ivermectin and albendazole tablets and their
placebos were part of supplies donated by Merck &
Co., Inc., USA and SmithKline Beecham Pharmaceu-
ticals, UK, respectively, for a field trial approved by the
Ministry of Health, Ghana (DUNYO et al., 2000). Oral
informed consent to participate was obtained from adults
and from the parents of children aged <15 years.
Pregnant women and children aged <6 years were
excluded. The drugs were coded, and neither the
participants, the treatment team or the technicians who
examined the blood specimens knew which treatment
combination was given to individuals. The codes were
revealed at the end of the main field trial.

Blood specimens were examined for mf by the count-
ing-chamber technique (MCMAHON er al., 1979b). In
brief, at each time of sampling, 100 pL of finger-prick
blood were drawn into a heparinized capillary tube and
immediately thereafter transferred into a rube containing
900 pL. of 3% acetic acid. The specimens were later
examined in a counting chamber by microscopy. Inten-
sities of mf were expressed as mf/mL of blood. Geo-
metric mean intensities (GMIs) of mf were calculated as
antlog [(Zlog(x + 1))/n] — 1, with x being the number
of mf/mL of blood and »n the number of individuals
examined. GMIs of mf were compared statistically by -
test or 1-way analysis of variance, as appropriate, on log-
transformed mf intensities using a SPSS computer soft-
ware programme. P values < 0-05 were considered
statistically significant.

Results

Baseline characteristics of the 4 study groups and data
on their night-time and pre- and post-treatment daytime
mf intensities are shown in the Table. The age and sex
distribution of the participants were not significantly
different between the 4 treatment groups (l-way;
P = 0-3, ¥* test; P = 0-9). Individual night sample mf
intensities ranged between 450 and 14 630 mf/mL blood
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Table. Characteristics of the four study groups in Ghana, and their night-time and pre- and post-treatment

daytime Wuchereria bancrofti mf intensities

Geometric mean mf intensity in mf/mL (range)

Treatment No. of individuals ~ Mean age in Daytime Daytime
group (males/females) years (range) Night-time Pre-treatment Post-treatment
Ivermectin 18 (10/8) 38-4 (8-72) 2534 (450-14 630) 39 (0-1000) 31 (0-1160)
Albendazole 16 (10/6) 34-9 (12-67) 2274 (670-14 250) 18 (0-2550) 36 (0-3430)
Combination 16 (10/6) 27-4 (12-45) 2689 (470-14350) 26 (0-830) 40 (0-1920)
Placebo 13 (9/4) 34-3 (14-60) 2100 (460-7840) 21 (0-250) 43 (0-270)

and there was no statistically significant difference in the
night-time mf GMIs between the 4 groups (l-way;
P =0-9).

Of the 63 pre-treatment daytime samples 51 (81:0%)
were mf positive but had very low intensities. Thus,
daytime pre-treatment mf GMIs were 1:5%, 0-8%, 1:0%
and 1-0% of night-time intensities in the ivermectin,
albendazole, combination of ivermectin and albenda-
zole, and placebo groups, respectively. There was no
statistically significant difference in daytime pre-treat-
ment mf GMIs between the 4 groups (1-way; P = 0-7).

The time interval from treatment to post-treatment
blood sampling ranged between 30 and 49 min (average
39 min). Of the 63 post-treatment daytime samples 55
(87-3%) were mf positive and, as in the pre-treatment
daytime samples, mf intensities were very low. Thus the
mf GMIs were 1-:2%, 1:6%, 1-5% and 2-0% of the night-
time intensities in the ivermectin, albendazole, combina-
tion of ivermectin and albendazole, and placebo groups,
respectively. There was no statistically significant differ-
ence between the post-treatment mf intensities in the 4
groups (1-way; P = 0-97). Furthermore, when analysed
pairwise, there were no significant differences between
pre- and post-treatment mf GMIs in any of the treatment
groups (paired t-test; P = 0-4, 0-2, 0-06 and 0-1 in the
wvermectin, albendazole, combination of ivermectin and
albendazole, and placebo groups, respectively).

Discussion

The collection of blood samples at night for diagnosis
of lymphatic filariasis with nocturnal periodic microfilar-
aemia is inconvenient for patients and investigators, and
may be a major cause for the general scarcity of investiga-
tions on this widespread infection. In lymphatic filariasis
endemic areas the co-operation of communities for night
blood surveys is furthermore difficult to obtain, partly
because sampling time is often past the local bedtime and
partly because of suspicion. Nocturnal periodic lympha-
tic filariasis is endemic in Ghana (DUNYO eral., 1996) as
well as in many other parts of Africa (MICHAEL &
BUNDY, 1997) but, on account of the possibility of the
occurrence of onchocerciasis and/or loiasis in the en-
demic communities, the use of DEC in even the provo-
cative day test dose is contraindicated (WHO, 1995).
Ivermectin alone or perhaps its combination with alben-
dazole is now considered the treatment of choice for
lymphatic filariasis in such regions (OTTESEN er al.,
1997), and the present study was conducted to investi-
gate whether these drugs administered orally alone or in
combination would induce a provocative day test effect
on nocturnally periodic W. bancrofti mf.

Ivermectin, albendazole or their combination did not
exhibit any significant ability to provoke daytime libera-
tion of mfinto the peripheral circulation. The drugs were
administered in the dosages recommended for treat-
ment, and the timing between treatment and post-
treatment blood sampling was similar to that normally
used for the DEC provocative day test (MANSON-BAHR
& WIJERS, 1974; MCMAHON et al., 1979a). It cannot be
excluded that a provocative effect of the drugs occurred
earlier or later than the 30-50 min target interval or

would have occurred with either lower or higher dosages
of the drugs. A change in timing or dosage would,
however, make the provocation test less convenient for
practical use, especially under field conditions.

The marked contrast between the rapid provocative
day action of DEC and the seeming absence of such an
effect by ivermectin, although both drugs are microfilar-
icidal, is probably a reflection of differences in the
pharmacodynamics and mode of action of these drugs.
Both drugs are rapidly absorbed after oral administra-
tion. Although DEC has remained the mainstay of the
treatment of lymphatic filariasis for decades, its mode of
action as well as the mechanism by which it provokes
daytime liberation of mf of nocturnally periodic W.
bancrofti into peripheral circulation are still uncertain.
Ivermectin generally causes muscle paralysis of nema-
tode worms (DE SILVA et al., 1997) and one could have
expected an outpouring of paralysed mf into the periph-
eral circulation after ivermectin treatment, but this did
not happen. Albendazole is poorly absorbed and mainly
appears to have an embryotoxic and/or adulticidal effect
on filarial worms (DE SILVA er al., 1997), and therefore it
is less surprising that no provocative day effect on mfwas
seen with this drug.

In recent years, simple and reliable immunological
tests based on detection of specific circulating adult W.
bancrofti antigens have appeared on the market (SIMON-
SEN & DUNYO, 1999) which can also be used on daytime
blood samples for lymphatic filariasis diagnosis. A major
limitation of these tests is that they are expensive and not
easily available in most endemic areas. Furthermore,
they cannot be used to evaluate directly the parasitolo-
gical response to filariasis treatment programmes if the
drug involved has no effect on adult worms. Thus, since
ivermectin is not adulticidal (DE SILVA et al., 1997),
circulating filarial antigen tests cannot be used to evalu-
ate the parasitological response to ivermectin treatment
programmes on the short term. The search should,
therefore, continue for a diagnostic test for mf that is
cheap, non-invasive, acceptable and convenient to pa-
tients and investigators to replace the current night blood
sampling technique, especially in areas where the DEC
provocative day test is contraindicated.
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