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Abstract. Wuchereria bancrofti prevalence and transmission were assessed in six endemic villages in Sikasso, Mali
prior to and yearly during mass drug administration (MDA) with albendazole and ivermectin from 2002 to 2007.
Microfilaremia was determined by calibrated thick smear of night blood in adult volunteers and circulating filarial
antigen was measured using immunochromatographic card test in children < 5 years of age. Mosquitoes were collected
by human landing catch from July to December. None of the 686 subjects tested were microfilaremic 12 months after the
sixth MDA round. More importantly, circulating antigen was not detected in any of the 120 children tested, as compared
with 53% (103/194) before the institution of MDA. The number of infective bites/human/year decreased from 4.8 in 2002
to 0.04 in 2007, and only one mosquito containing a single infective larva was observed 12 months after the final MDA
round. Whether this dramatic reduction in transmission will be sustained following cessation of MDA remains to be seen.

INTRODUCTION

Lymphatic filariasis (LF) caused by Wuchereria bancrofti is
endemic throughout West Africa,1,2 where the predominant
vectors are species of the Anopheles gambiae and Anopheles
funestus complexes.1 One of the key questions that has emerged
as the Global Program for the Elimination of Lymphatic
Filariasis (GPELF) has grown globally since 20003–5 is the
impact that annual mass drug administration (MDA) of
albendazole and ivermectin (MectizanÒ) has had on the trans-
mission of the W. bancrofti infection in different epidemio-
logical settings in Africa.
Whereas the long-term impact of combination albendazole/

diethylcarbamazine (ALB/DEC) on transmission of LF has
been demonstrated in multiple epidemiologic settings,6–8 only
a few studies have examined the impact of repeated annual
administration of albendazole/ivermectin (ALB/IVER), the
regimen used throughout West Africa because of the overlap-
ping geographic distributions of LF and onchocerciasis.9–11

To evaluate the effect of ALB/IVER onW. bancrofti transmis-
sion in varied epidemiologic settings in Africa, a multi-country
study was initiated in 2001 in Mali and Ghana (West Africa)
and Kenya (East Africa). Regular assessments of prevalence
in the human population (circulating filarial antigen and
microfilarial levels), and in the Anopheles vector population
(annual transmission potential [ATP]) were conducted prior
to and during six annual MDA using ALB/IVER. We report
here the results of the portion of the study conducted in a
highly endemic area of Mali.

METHODS

Study sites. The study was undertaken in six villages of the
district of Sikasso: Dozanso, Gondaga, Missasso, N’Torla,
Niantanso, and Zanadougou. The total population of the

study area was 5,120 in 2008, according to demographic infor-
mation available from the Sikasso Regional Directorate
responsible for planning and statistics. The administrative
region of Sikasso covers 76,480 km2 in the southern Sudan
savannah area. The region has a total population of 2.45 mil-
lion, the highest population density in the country with
32 inhabitants per km2 in 2008. Prior to this study, there had
been no MDA implemented in this area. The study villages
have previously been described.12 The mean distance between
the villages is approximately 15 km occupied by cotton fields,
backwaters, and typical Sudan savanna vegetation. During the
study period, the rainfall ranged from 1,000 to 1 500 mm/year
with the rainy season extending from July to December.
Study design. To assess the impact of six consecutive annual

MDA rounds on W. bancrofti infection and transmission in
these six villages of Sikasso District, a monthly cross-sectional
entomological survey was undertaken from July to December
each year, as well as a parasitological assessment in July each
year just prior to the MDA and the entomological survey,
from 2002 to 2008. All six villages received MDA for 6 years.
During the seventh year (2008), ALB/IVER was not distrib-
uted in two villages with no evidence of ongoing transmission
to provide preliminary data in anticipation of stopping MDA
in the remaining villages the following year.
Study population. A complete census, including the name,

age, sex, and profession of every inhabitant, was performed
in the study villages every year before the parasitological
assessment. All subjects ³ 2 years of age who presented for
evaluation were included in the study.
Parasitological and clinical assessment. Each year, before

starting the mosquito collection, a parasitological assessment
was performed. Sixty microliters of night blood were obtained
by fingerprick from adult volunteers (15 years and above) for
preparation of three thick smears. The slides were stained with
Giemsa for identification and quantification of W. bancrofti

microfilariae. The adult volunteers as well as children £ 5 years
of age were tested for W. bancrofti circulating antigen using
immunochromatographic card test during the first year (at
baseline) and after the sixth MDA. The clinical assessment
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consisted of a brief interview and physical exam focusing on
characteristic manifestations of LF, namely lymphedema and
hydrocele. Any clinical stage of lymphedema (from reversible
pitting edema to elephantiasis) or hydrocele (small, big, uni-
lateral, or bilateral) was considered as a case and recorded
without additional information.
Mass drug administration. ALB/IVER was administered to

all eligible subjects (not pregnant or breastfeeding within a
week of delivery, taller than 90 cm, and aged 5 years and
above) in collaboration with the district and community
health care staff using the health workers as drug distributors.
MDA coverage rates were calculated based on the number of
eligible subjects.
Entomological studies. Villagers were trained to collect

mosquitoes from 6:00 PM to 6:00 AM using the human landing
catch (HLC) method. A 12-day monthly entomological sur-
vey was carried out concomitantly by different teams in each
of the six villages to determine village-wide W. bancrofti
transmission potential. The parameters assessed included the
human biting rate (HBR), infection rate, infectivity rate,
ATP, and the entomological inoculation rate (EIR) during
the study period. From July to December each year, mosqui-
toes were collected by two collectors per room in four differ-
ent rooms in each village at night. The first collection team
worked from 6:00 PM to midnight and the second from mid-
night to 6:00 AM in each room. The collector caught the mos-
quitoes as they tried to land using a mouth aspirator
connected to a paper cup as the storage container, as devel-
oped by Coluzzi and Petrarca. The mosquitoes that were
collected during night were kept in ideal conditions (tempera-
ture, relative humidity using wet wipes) and dissected early
the following morning.
Laboratory analysis. Mosquito samples were sorted by

species (An. gambiae s.l. and An. funestus) on the basis of
morphology.13 Members of the An. gambiae complex were
identified in a sample of dissected mosquitoes by polymerase
chain reaction (PCR) assays in 2002 (at baseline) as described
by Favia and others.14

During the dissection, the head and thorax were dissected
separately for each mosquito, and recovered parasite larval
stages were categorized into L1, L2, and L3. Parity status was

determined by dissecting the ovaries and observing the tra-
cheal coils.15

Multiple entomological parameters were calculated as
previously described12,13,16:

1) Infection rate: proportion of mosquitoes found infected
after dissection with any W. bancrofti larval stage (L1–L3)

2) Infectivity rate: proportion of mosquitoes found infected
with one or more infective larvae (L3)

3) HBR: number of mosquitoes caught during the HLC +30/
(total number of collectors used per collection + number
of collection in the month)

4) EIR: HBR + infectivity rate. The results of the monthly
HBR (from all night HLC) multiplied by the W. bancrofti

infectivity rate for a given species give an estimate of the
number of infective bites of W. bancrofti received per
human per month.

5) ATP: the sum of the monthly EIR over the year.
Data management and analysis. All data were recorded

on standard data sheets and entered into the computer using
SPSS version 12 (Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL) and GraphPad Prism version 5. The c2 test
or Fisher’s exact test was used as appropriate for the compar-
ison of proportions. The confidence level was set at 95% for
all statistical tests.
A collective village-wide oral consent was obtained from

the villages’ elders as well as a signed individual written
consent form from all study participants and/or guardians.
Both the Institutional Review Board of the World Health
Organization/Tropical Diseases Research and the Ethics com-
mittee of the Faculty of Medicine of Bamako in Mali approved
the protocol and the consent forms.

RESULTS

Clinical, parasitological, and MDA. A total of 1,333 sub-
jects from six villages aged 2 years and above have been
included in the analysis. Females represented 57.8% of this
population. Lymphedema and hydrocele had prevalences of
0.3 and 2.8%, respectively (Table 1). Cross-sectional assess-
ment of the human microfilaremia prevalence rate showed
a dramatic decrease in the prevalence of W. bancrofti micro-
filaremia over the course of the study (P < 10−4) from 21.4%
(244/1139) in 2002 (Table 1) before the first MDA to 0.2%
(2/856) in 2007 and 0.0% (0/760) in 2008 after the sixth

Table 1

Baseline characteristics of the study population

Total

Male Female Lymphedema Hydrocele Mf+ Cag+

% % % % % %

Age group
2–5 years 219 47.9 52.1 0 0 ND 2.2
6–7 years 81 56.8 43.2 0 0 4.5 7.1
8–13 years 231 47.2 52.8 0 0 6.1 20.3
14–15 years 50 60 40 0 0 2 4.4
16–44 years 596 33.9 66.1 0.2 1.7 60.2 52.3
45 years and
above

156 53.2 46.8 1.3 14.1 26.2 13.7

Total 1,333 42.2 57.8 0.3 2.8 21.4 46.6
Villages*
Dozanso 120 54.2 45.8 1.7 7.7 40 61.7
Missasso 207 35.3 64.7 0 11 20.3 36.9
Gondaga 212 45.8 54.2 0 6.2 15.1 43.4
Niantanso 202 42.1 57.9 0.5 7.1 29.7 81.8
N’Torla 196 50.5 49.5 0 3 13.8 40.3
Zanadougou 202 30.7 69.3 0 6.5 17.3 24.6

Cag+ = circulating filarial antigen; Mf+ = microfilaremia, ND = not done.
*Village data are restricted to inhabitants > 5 years of age.

Figure 1. Geometric mean prevalence of Wuchereria bancrofti
and microfilaremia prevalence by age over the six consecutive mass
drug administration rounds in the study area.
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MDA round (data not shown). The geometric mean micro-
filaria (mf) densities in microfilaria-positive individuals also
decreased from 103 mf/mL in 2002 to 63 mf/mL in 2006,
17 mf/mL in 2007 and to 0 mf/mL in 2008 (data not shown).
Subjects aged 45 and above had the highest W. bancrofti

microfilaremia prevalence (41.6%) and geometric mean micro-
filaria density (137 mf/mL) (Figure 1). The antigen car-
riage rate in children also decreased during this period from
53.09% (103/194) in 2002 to 0.0% (0/120) in 2008 (P < 10−4)
(Table 2).
The coverage rate for the eligible population varied from

67% to 78% during the first five MDA. In the four villages
treated in 2008, coverage remained high at 89.6% (3201/
3574). Mild adverse events were reported by 0.6% (13/2135)
of the subjects in 2002 and the frequency decreased over time
with only a few cases of mild headache reported in 2008 (data
not shown). No severe adverse events were recorded during
the study.
Entomology patterns. An. gambiae complex members rep-

resented 90.1% of the vector fauna at baseline. Their mean
infectivity rate was 2.3 (372/16,230) whereas An. funestus

complex members had an infectivity rate of 2.3% (372/16,230).
The annual transmission potential was 76 and 8 infective bites
per human per year, respectively, for An. funestus and An.
gambiae complexes (Table 3). Among the 15,869 An. gambiae

complex members examined by PCR for specific species
identification, 99.02% (15,713/15,869) were An. gambiae s.
s. and 0.98% (156/15,869) were Anopheles arabiensis. The
most common sibling species of An. gambiae s.s. in all locali-
ties were the Bamako/Savannah molecular form (S form),
which comprised 95.09% (14,942/15,713) of the mosquitoes
examined, followed by the Mopti molecular form (M form),
which accounted for 3.8% (data not shown).
The annual vector HBR decreased over time from 605.9

bites per human per year in 2001 (Table 3) to 203.96 bites per
human per year in 2007 (Table 4). The vector infection rate
(An. gambiae s.l. and An. funestus) also decreased dramati-
cally (by more than 98.11%) from 4.1% (718/17701) in 2001
(Table 3) to 0.04% (2/4680) in 2007, 12 months after the sixth
MDA (Table 4). Of the two infected An. gambiae complex

mosquitoes, one harboured a single infective L3 larva and the
second one, a single non-infective L2 larva. Thus, the mos-
quito infectivity rate in 2007 was 0.02% (1/4,680) (Table 4).
Due to the combination of a decrease in mosquito biting rates
and lower numbers of infective mosquitoes, the EIR (number
of infective bites per human per year) decreased by 99.7%
from 4.8 in 2001 to 0.05 in 2006 and to 0.04 in 2007, 12 months
after the sixth MDA (Table 4). A similar effect was noted
on the ATP, which decreased by 99.95% (Table 4). For An.
funestus complex, the EIR (1.2 infective bites per person per
month) and the ATP (seven infective bites per person per
year) decreased by 100% by the end of sixth MDA evaluation
while for An. gambiae complex, the EIR (12.6 infective bites
per person per month) and the ATP (75.3 infective bites
per person per year) decreased, respectively, to 0.04 and 0.2
(Supplemental Tables 1 and 2).
Of note, the two infected mosquitoes were found in two

different villages, Dozanso and Niatanso, resulting in average
infection rates of 0.11% (N = 916) and 0.28% (N = 362),
respectively. Thus, despite an average EIR of 0.04 infective
bites per person during the study period, the EIR in 2007
was 0 in all of the villages except Dozanso, where it was 0.28
(data not shown).

DISCUSSION

Consistent with the data from other studies,9–11 six rounds of
MDA with albendazole and ivermectin were extremely effec-
tive in reducing the prevalence of W. bancrofti microfilaremia
in residents of a highly endemic area of Mali. Although testing
for microfilaremia was limited to 53.02% (604/1139) of the total
population eligible for MDA in the six villages, it is unlikely
that the infection rate in the remaining population was sub-
stantially higher than that in the tested subjects. Thus, the
observed impact of MDA on W. bancrofti microfilaremia in
the present study is compatible with the long-term objective
of the GPELF to interrupt transmission using MDA alone.
As previously reported in the baseline study,12 the domi-

nant vector, An. gambiae s.l., continued to account for more
than 90% of the mosquito vectors collected in this area over
the 7 years of the study, followed by An. funestus (data not
shown). The overall trend in any given year was characterized
by a high frequency of An. gambiae s.l. early in the rainy
season followed by a gradual decrease in An. gambiae s.l. and
a gradual increase in the abundance of An. funestus toward
the end of the rainy season.12 These changes are related to the
climatic conditions over the year and not a result of MDA.13

In addition to seasonal variation, the vector density, and
consequently the HBR, showed significant yearly variation
from 2001 to 2008. The dramatic decrease in HBR following
the first MDA in the study area has previously been reported
and was most likely due to increased awareness of the study
area population with respect to the role of mosquitoes in

Table 2

Variation in the Wuchereria bancrofti circulating antigen carriage
rate among individuals of 5 years and older in 2002 and 2008

Localities

Baseline (2002) Post 6 MDA (2008)

No. tested Pos % No. tested Pos %

Dozanso 120 48 40 86 0 0
Missasso 207 42 20.2 138 0 0
Gondaga 212 32 15.1 167 0 0
Niantanso 202 60 24.8 129 0 0
N’Torla 196 27 13.7 141 0 0
Zanadougou 202 35 17.3 99 0 0
Total 1139 244 21.4 760 0 0

MDA = mass drug administration; No. = number; Pos = positive.

Table 3

Baseline vector characteristics in the study area prior to the MDA

Species No. of collected (%) No. of dissected No. of infected (%) No. of infective (%) HBR EIR ATP

Anopheles gambiae s.l. 20957 (90.1) 16230 646 (4.0) 372 (2.3) 545.8 12.6 76
Anopheles funestus 2308 (9.9) 1471 72 (4.9) 30 (2.0) 60.1 1.2 8
Overall 23265 (100) 17701 718 (4.1) 402 (2.3) 605.9 13.9 84

ATP = annual transmission potential; EIR = entomological inoculation rate; HBR = human biting rate; MDA = mass drug administration; No. = number.
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disease transmission (resulting in less breeding sites and
increased use of insecticide-treated nets) and the effect of iver-
mectin on mosquito survivorship.12 Long-lasting insecticide-
treated nets (LLITNs) were provided for free only to mothers
just after delivery at the community health center from 2002 to
2004. Beginning in 2005, LLITN availability in the six villages
increased because of the free distribution campaigns for vector
control related to malaria prevention. Although yearly varia-
tions in HBR are not unusual in Mali and have been observed
in the neighboring sites of Pimperena (unpublished data), this
would not be expected to have a significant effect on EIR
without a concomitant change in the vector infectivity rate.
Despite high levels of transmission prior to the institution

of MDA, the vector infection and infectivity rates decreased
to a very low, but detectable, level in 2007. Only two captured
mosquitoes were infected withW. bancrofti, of which only one
was infective, representing a more than 99% reduction in the
infectivity rate. No differences were apparent between the
two villages that continued to have infected mosquitoes and
the four other villages with respect to overall compliance with
the program or distance to non-MDA villages.
The mean EIR and ATP were also reduced by more than

99% after six MDA rounds. Although persistence of trans-
mission despite low levels of microfilaremia in the human
population has been reported with Culex species that exhibit
limitation (decreasing yield of infective larvae per mf as the
number of ingested mf increases),An. gambiae andAn. funestus
complexes demonstrate facilitation (increasing yield of infective
larvae per mf as the number of ingested mf increases).17,18 Con-
sequently, the dramatic reduction in transmission intensity (only
one infective larvae recovered and an infectivity rate of the
anopheles vectors of 0.02% (the cutoff of 0.03% has been
proposed) is likely sufficient to interrupt transmission in this
rural area of Sikasso district19 as sexual reproduction is required
in the human host to produce microfilaria.
Nevertheless, caution should be exercised in stopping MDA

as there be might be variation in the efficiency of the different
sibling species within the An. gambiae group of mosquitoes;
thus continued close surveillance for resurgence of transmis-
sion will be essential. In this regard, a staggered approach to
stopping, as undertaken in this study, may be most prudent.
In summary, the data to date suggest that six rounds ofMDA

with albendazole and ivermectin may be sufficient to interrupt
transmission in a highly endemic region of Mali where Anoph-
eles is the main vector. Annual evaluation of the human and
vector populations for evidence of W. bancrofti infection con-
tinues in the study villages following cessation of MDA and will
be essential to validate this conclusion. Although the effects
of vector control measures, such as impregnated mosquito

bednets, were not assessed in this study, such interventions
may provide additional benefit, particularly in the maintenance
of transmission interruption after MDA is stopped, and should
be explored in future studies.
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