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Abstract
We have studied the impact of large-scale treatment with ivermectin on the transmission of loiasis in a
forest village in south Cameroon where loiasis was highly endemic, with a prevalence of 30%. After one
year of parasitological and entomological surveillancewithout treatment, all consenting residents aged >5
years received ivermectin 200 pg/kg every 3 months. For ethical reasons, treatment was interrupted after
2 years, but parasitological and entomological surveillancecontinued for 18 months after the end of treatment. The prevalence of loiasis was reduced to <lo% and the mean microfilaraemia decreased by 90%
in 2 years. The prevalence and average intensity of infection remained stable during the 18 months after
treatment ended. Two vector species were identified, Chrysops dimidiata (representing about 90% of the
fly population) and C.silacea. The infection rate (all stages) in Chrysops decreased by 75% and the infective rate (percentage of Chrysops harbouring third-stage larvae of Loa Zoa in the head) decreased by 85%
in C.dimidiata and became zero in C.silacea. After the end of treatment, the infection and infective rates
increased gradually. Large-scale treatment seemed an efficientmethod for the control of L. loa transmission provided high drug coverage was achieved. Nevertheless, because of the high risk of adverse effects
when using the current microNaricida1 drugs, such a strategy remains unacceptable.
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Introduction
Loiasis is limited to the Central African rain forest
from Nigeria to the former Zaire (PlNDER, 1988).
Amongst the methods available for its control, larviciding breeding sites of the vector (Chrysops) or trapping
adult insects are ineffective or impracticable on a large
scale ( W m S & CREWE, 1963; NOIREAU,
1990).
The only means of controlling transmission of loiasis is
to eliminate the human microfilarial reservoir through
large-scale treatment with hlaricidal drugs. T o our
knowledge, the only attempt to use such a strategy was
made by DUKE & MOORE (1961) in a rubber estate at
Sapele, Nigeria. The attempt was regarded as unsuccessful by the authors.
Because of this disappointing result, together with the
difsculty of organizing ’ large-scale treatment with
diethylcarbamazine (DEC) over several days and the
increasing evidence that this drug may induce encephalopathy in patients with very high Loa loa microfilaraemia (FAIN, 198l), no further attempt was made to
control the transmission of loiasis with DEC. However,
as emphasized by DUKE & MOORE (1961), the general
strategy was theoretically promising and justified by the
facts that the human population is probably the only
reservoir of Loa, that the Chrysops population density is
low even in highly endemic areas (generally <1000/
luna), and that the flight range of the vectors is short
(generally <5 km) (CREWE & O’RoURKE, 1951;
BEESLEY& CREWE, 1963; NOIREAU et al., 1990;
CHTPPAUX et al., in press).
Over about 1O years, several studies have demonstrated that ivermectin may bring about a marked decrease
in Loa microfilaraemia (RICHARD-LENOBLE et al.,
1988; CARFvLEetal., 1991; C H I P P A U X ~1992;MAR~~~.,
TIN-PRÉVELet al., 1993; GARDON et al., 1997). This,
together with the fact that ivermectin, in contrast with
DEC, is efficient as a single oral dose and can thus be
much more easily used, and was considered at the outset of the study to be a safe treatment for loiasis,
prompted us to reinvestigate the principle of D m &
MOORE(196 1) and determine whether large-scale
treatment with this drug would have an impact on the
transmission of loiasis. The present paper reports the
results of this investigation.
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Patients and Methods
Study area and parasitological surveys
The study was conducted in Ngat (3O23’N, 11°34’E),
a village in the Central Province of Cameroon, 70 km
south of the capital Yaoundé, in an area of degraded
forest. The area has been described in detail previously
(MOMME= et al., 1994; GM¿CIA et al., 1995; CHIPPAUX et al., in press). Briefly, Ngat lies at an altitude of
600-700 m; the climate is equatorial, with 2 rainy and
2 dry seasons; the mean annual rainfall is 1600 mm and
the mean annual temperature is 24-1°C. The initial census revealed a total population of 788, of whom about
600 lived permanently in the village in small dwellings
on both sides of an earth road 10 km long. The major
occupations were subsistence agricultural farming and
cultivation of cocoa. The fields, which extend
500-2000” from the road, can be reached by a system
of forest trails perpendicular to the main road. Muddy
places finging the numerous streams and swamps overmown with raffia constitute very suitable breeding sites
For Chrysops.
The level of endemicitv of loiasis in the villane was 9s__
sessed before the first ivërmectin diSmbution.-Capillary
blood smears (30 &) were taken between 1O:OO and
15:OO from 667 volunteers aged 6 months or more,
stained with Giemsa’s stain, and examined under a microscope (MOMMEFS
et al., 1994; Gmcmet al., 1995).
Ngat was highly endemic for loiasis: in the total population, the prevalence of Loa microfilaraemia was 30.1%,
and the Williams geometric mean Loa microfilarial load
was 814 microfilariae per 30 IL of blood.
Ivermectin efficacy was assessed by parasitological
surveys one week after the first distribution (April 1993)
and just before both the second (July 1993) and third
(October 1993) treatment rounds. The next 2 surveys
(in July and October 1993) were carried out on microfilaraemic persons only. Further parasitological surveys
were spaced to avoid withdrawal from treatment; they
were performed in April 1994, April 1995, and finally in
April 1996, and involved the whole population.
Entomological studies were also conducted to determine the dispersal of Chy s q ~ i
sn the study area, and to
evaluate the annual fluctuation in the density of the fly
population and in the Loa infection rates.
Treatment schedule
At the outset of the study, the long-term effect of ivermectin on Loa microfilaraemia was not documented,
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and it was assumed, wrongly (GARDON
et al., 1997),
that the level of parasitaemia would have increased considerably 6 and 12 months after a single dose. As our
objective was to obtain the optimum effect of treatment
on transmission, we decided to treat the population at
intervals of 3 months over 2 years, from April 1993 to
April 1995. It was also planned to limit the first treatment to individuals who had undergone a parasitological examination previously; from the second treatment
round, however, ivermectin would be distributed to all
the volunteers attending for the treatment, whether they
had undergone an initial parasitological examination or
not. This strategy was modified because serious reactions, including disorders of consciousness, were recorded after the first dose in 2 patients who had very
high Loa microfilaraemia (199OOO/mL and 217000/
mL, respectively) (CHIPPAUX et al., 1993). Assuming
that the risk of developing such reactions was related to
the intensity of infection, and because a single dose of
ivermectin brings about a marked decrease in microfilaraemia, even in patients with very high initial values, we
decided to limit the subsequent distribution to those individuals who had received a first treatment. New residents, who had settled in the treatment area between
April 1993 and July 1994, were thus excluded from the
treatment, because some of them were assumed to harbour high infections and to be at risk of serious reactions. However, after having noticed that these new
residents constituted an increasing proportion of the
population, and thus a significant microfilarial reservoir, we decided, in November 1994 and April 1995, to
examine parasitologically those new residents who expressed their wish to receive ivermectin, and to treat
them if their microfilaraemia was < 1O OOO/mL.
At each treatment round, the drug was administered
at a dose of 200 pgkg of body weight, taking into account the usual exclusion criteria: children 6years of
age, weight <15 kg, pregnancy, first month of lactation,
and severe illness. The dose of 200 pgkg was chosen because RICHARD-LENOBLE et al. (1988) demonstrated
that it was much more effective on Loa microfilaraemia
than a dose of 150 pg/kg (the latter being presently the
standard dose for the treatment of onchocerciasis). The
rounds lasted one week on each of the first 3 d, the distribution team was installed at a different place, in the
house of the village chief or in that of a quarter chief;
these 3 distribution points had been selected so that the
most remote residents lived within 1 km of a dosing
point. During the last 4 d of the week, a mobile team
walked along the main road of the village in order to give
ivermectin to the individuals who were absent from the
distribution point, and to record and treat any reactions
to ivermectin. The drug coverage at each distribution
round, and the effect of the successive treatments on
Loa microfilaraemia, have been reported previously
(RANQUE et al., 1996).

Assessment of the Loa infection rate in Chrysops
From November 1992 to November 1993, catches of
Chrysops were made every week on 2 consecutive days.
After November 1993, it was decided for logistical reasons to limit the entomological study to the periods of
high transmission of L. Zoa, i.e., according to the preliminary results, April-May and October-November. Fly
catches were thus organized in April-May 1994, 1995,
and 1996, and in October-November 1995 and 1996.
Each of these catches lasted 15-20 consecutive days.
Flies were caught between 06:OO and 18:OOin hand nets
by individuals stationed by a wood fire, the smoke of
which appeared to attract the flies (DUKE, 1955). The
same 6 catching sites, representative of the various places visited by the villagers, were used throughout the
study. These sites were located in the centre of the village, i.e., in places where an optimum impact on transmission would be expected. All the flies caught were
kept separately in glass tubes closed with a cotton-wool
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plug. A label on each tube indicated the catching site,
day, and hour. At the laboratory, all flies were specifically identified, and a sample was examined for parity, following the method of DUKE:(1960), and the presence
of Loa larvae.
The Chrysops population density was evaluated as the
mean number of flies per person-day. The head, thorax
and abdomen were dissected separately in order to distinguish infected and infective flies.
The infection rate was d e h e d as the proportion of
dissected flies containing developing forms of any stage
of L. Zoa, and the infective rate corresponded to the proportion of dissected flies with third-stage larvae 6 3 )in
the head or mouthparts.

Results
Drug coverage
Of the 788 inhabitants at the beginning of the study,
32 (317%) died, 268 (30.9%) left the village, and 20
(2.3%) refused treatment. Between April 1993 and
April 1995, 130 subjects entered the study. The drug
coverage achieved at the various treatment rounds
ranged between about 46% and 80% of the whole population, and about 74% and 94% of the persons with
pre-treatment Loa microfilaraemia (Table 1).
Table 1. Ivermectin treatments, Ngat (Cameroon)
Treatment
dates
April 1993
July 1993
October 1993
January 1994
April 1994
July 1994
October 1994
January 1995
April 1995

Perceptage treated
No. of
Microfilaraemic
residents All residents
residents
603
585
571
677
67 1
659
649
75 1
565

79.9
74.7
87-9
73-7
93-8
91-2
89-8
90-7
93.4
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Fig. 1. Lou Zoa microfilaraemia, January 1992-April 1996
(means+SD).

The decrease in microfilaraemia of the subjects who
received all 9 doses of ivermectin has been reported by
-QUE
et al. (1996) and is shown in Fig. 1.
Chrysops population densiiy
Population densities of C. dimidiata were much higher than those of C. silacea. For the former species, the
biting rates recorded at the different catching rounds
varied ffom 16.3 to 95.4 bites per person-day, whereas
they ranged between 1.2 and 9.0 bites per person-day
for the latter (Fig. 2). The highest biting rates of C. dimidiata were recorded in April-May 1994 and 1996,
and the lowest in October-November 1992, 1995 and
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Fig. 2.Density of Clzfysops,November 1992-Novembcr 1996;
T, andT9 indicate the first and last rounds of ivermectin treatment.

1996 (and, unusually, in April-May 1993). This suggests that the population density for this species is higher at the beginning of the short rainy season than at the
end of the main rainy season. In contrast, the population density of C. silacea tended to be higher in October-November (biting rates between 4.7 and 9.0 bites
per person-day) than in April-May (biting rates between 1.2 and 7.9 bites per person-day).
/”
When both species were considered together, the
maximum densities and infection rates, and thus the
maximum intensity of transmission, were recorded in
April-May and October-November (CHIPPAUXet al.,
in press). During the whole study, C. silacea represented
only 4 8 % of the human-biting Chrysops population in
April-May and 16-26% in October-November.

Injéctiorz and ilzfective rates of Chrysops
The total numbers of C. dimidiata and C. silacea dissected were 26947 and 3294, respectively (Table 2).
For both species, the parous rates did not differ markedly from one catching round to another: they generally
ranged from 24% to 28% for C. dimidiata and from 23%

Nov. A r. Nov. Apr. Nov. Apr. Nov. Apr. Nov.
92 95 93 94 94 95 95 96 96
Fig. 3.Third-stage larvae (L3) of Lou loa in Chrysops; the bars
indicate the average number per head of infected flies, and the
curves shows the infection rate.

At the same time, the infection rate of C. silacea had decreased, with a Pvalue (0.053) close to the limit of significance; in addition, none of the infected flies of this
species was infective. The infection rates recorded in
April-May 1994 and April-May 1995 were not significantly different for each of the 2 species. However, the
infective rate of C. dimidiata continued to decrease significantly (PC0.05).
The last ivermectin treatment was given in April-May
1995; at this time, the infection and infective rates for
both species of Chrysops were at a minimum. They then
tended to increase gradually until November 1996. The
increases in the infection and infective rates of C. dimidiata, and in the infection rate of C. silacea, were not significant between April-May and October-November
1995, but they were significant between April-May
1995 and April-May 1996 (P<0.05). In November
1996, i.e., 18 months after the last ivermectin distribution, the infection rates of both species were still lower
than their respective initial values: they were about 70%
of the rates recorded just before the first treatment in
April 1993. The infective rates were 50-54% of the initial values.

Table 2. Infection rate of Loa Zoa in Chrysops, Ngat (Cameroon)

Dates
Nov. 92
Apr. 93
Nov. 93
Apr. 94
Nov. 94
Apr. 95
Nov. 95
Apr. 96
Nov. 96

Chrysops silacea
No. of insects
With L3
Dissected Infecteda
larvaeb
47
87
103
75
364
932
1039
647

5(10-6)
l(20)
9(10-3)
3(33)
10 (9.7)
4(40)
2 (2-7j
None captured
9 (2.5)
O
38 (4-1)
17(45)
51 (4.9)
13(25)
47 (7.3)
12(25)

o -

Total no.
of L3
larvaeC

Chrysops dinzidiata
No. of insects
With L3
Dissected Infected”
larvaeb

37 (7-4)
97(10-8)
596(59.6)
O

240
1457
332
1367

O
792 (20.8)
724 (14.2)
560 (11-9)

6286
2867
12605
1793

17(7*1)
108(7.4)
19 (5.7)
38(2.8)
None captured
124(2.0)
60 (2.1)
375 (3-0)
94(5.2)

Total no.
of L3
larvaeC

7(4l)
31 (29)
5 (26)
ll(29)

302(17-8)
2209 (20.5)
137 (7-2)
1058 (27.8)

23(19)
14 (23)
89 (24)
20(21)

388
231
2504
539

(3.1)
(3.9)
(6.7)
(5.7)

aNumbers in parentheses show the number infected as a percentage of those dissected.
bNumbers in parentheses show the number with third-stage (L3) larvae as a percentage of those infected with any stage.
Wumbers in parentheses are the mean number of thiid-stage 63) larvae per infected fly.
!

to 30% for C.silacea.
In April 1993, just before the first ivermectin distribution, the infection rates of C. dimidiata and C. silacea
were 7.4% and 10-3%, respectively, and the infective
rates were 3.0% and 4.6%. Six months later, the infection and the infective rates were not significantly different from the pre-treatment values; however, the
infective rate tended to increase for C. silacea and to decrease for C. dimidiata. In April-May 1994, i.e., 3
months after the third ivermectin distribution, the infection and infective rates of C. dimidiata (2.8% and 1.2%
respectively) were significantly lower (Pc1O-7 and
P=0.0025, respectively) than the pre- treatment values.

Discussion
DEC, albendazole and ivermectin are filaricidal
drugs which bring about a marked decrease in Loa microfilaraemia, but have little direct effect on the adult
stage of the parasite, which is assumed to be the cause
of most of the signs of the disease. The current individual treatment of loiasis is thus not satisfactory. It is possible that large scale treatment with a microfilaricidal
drug may reduce the microfilaricidal reservoir, and
therefore the intensity of transmission of Loa, the population of adult worms, and the prevalence or severity of
symptoms related to the latter. The only evaluation of
the possibility of reducing the transmission of Loa
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through large scale treatment has been carried out by
DUKE & MOORE (1961) in an area of Nigeria where the
main vector was C. silacea. The objective was to treat,
with a 20 d course of DEC, all individuals, among a total population of 5120 persons at risk, who harboured
Loa microfilariae. However, about 35% of the population did not attend for the pre-treatment blood examination. The authors assumed that the proportion of
microfilaraemic persons, and their microfilarial loads,
would be similar in the subjects who attended for examination and those who did not. They thus estimated that
35% of the microfilaria carriers had not been treated,
and that the treatment brought about a reduction of the
infection potential of the whole population at risk to
only 30% of the pre-treatment level. After treatment,
the infection rate of C.silacea was reduced to 50% of the
pre-treatment value; in contrast, no reduction was observed in the infection rate of C.dimidiata. The authors
concluded that these fairly disappointing results were
mainly related to the unsatisfactory drug coverage.
The general principles of the present study were similar to those of DUKE & MOORE(1961). However, besides the fact that the drug distribution was repeated
every 3 months, we made 2 other alterations. First, we
decided to treat the total population of the study area,
and not only those subjects who carried Loa microfilariae. Doing this, we were certain not to exclude from
treatment some microfilaria carriers who had not been
detected at the outset of the study because their microfilaraemia was very low. This strategy was also ethically
justified because Ascaris infection was common in the
area; as ivermectin is very effective against this parasite,
it was thought that even persons who were not microfilaraemic would take advantage of the treatment. The
second alteration concerned the location of the catching
sites within the study area, which were chosen so that
the distance between them and the nearest untreated
community exceeded 5 km, the maximum flight range
of C.silacea and C. dimidiata (see BEESLEY& CREWE,
1963; CHIPPAUX et al., in press). It was hoped that the
flies caught would not, therefore, have taken a potentially infective blood meal on individuals living outside
the treatment area.
The most surprising observation was the fact that the
infection and infective rates in April and November
1993, i.e., after the first and third treatment rounds,
were reduced only very slightly, if at all. As the entomological surveys were carried out at the same time as the
treatment round, we assumed that, in April 1993, most
of the flies had become infected either before ivermectin
distribution or before the drug had had an effect on microfilaraemia. In November 1993, the unexpected result was less easily explained. Two possible reasons are:
(i) infected flies originated from outside the treated area, and (ii) untreated infected residents (about 1 5 2 0 %
of the microfilaria carriers a t this time) and infected visitors constituted an adequate parasite reservoir. The
first hypothesis can be rejected as the flight range was
less than the distance between the catching zone and
untreated communities, and because of the marked decrease in infection rates in April 1994 and April 1995.
The reductions in infection and infective rates, and in
the average number of L 3 per infected fly, from April
1994, could be attributed to the drug treatment. A direct impact of ivermectin on Loa larvae should reduce
the percentage of Chrysops harbowing L3, which was
not observed (Table 2). In April 1994 (fifth treatment
round), more than 85% of the entire population, and
95% of microfilaria carriers, received at least one ivermectin dose, which is enough to reduce the parasite
load for one year or more (GARDONet aZ., 1997). The
low infection and infective rates remained stable until
April 1995, due to the parasite reservoir remaining reduced the prevalence of microfilaria carriers in April
1995 was 6.7% (RANQUE et al., 1996). Treatment was
stopped in April 1995 because of the risk of reactions in

i

..

457

areas highly endemic for loiasis (CKIppAux et al.,
1996), even though those already treated could have
continued to receive the drug without risk. In April
1995, a number of immigrants potentially infected with
L. Zoa arrived in the village, making it ethically difficult
to continue mass treatment. After November 1995, the
infection and infective rates increased gradually until
the end of the study in November 1996. The geometric
mean parasite density did not vary significantlybetween
April 1995 and April 1996 (Fig. 1) but the prevalence
of microfilaraemia rose from 6.7% to 14.2%. It is likely
that the increased number of microfilaria carriers, mainly recent immigrants who formed a quarter of the village
population in April 1996, was sufficient to increase the
infectivity rate in Chrysops. Thus, it seems that continued high drug coverage is essential to obtain and maintain a significant decrease in the human infection rate.

Conclusion
This study confirmed that the human parasite reservoir can be drastically reduced by large-scale treatment
(WQUE
et al., 1996). There was also a notable reducBon of the infection rate in Chrysops, especially in the
number of infective larvae in the heads of the insects.
Large-scale treatment therefore seems to be efficient
and is a potential control strategy providing that drug
coverage exceeds 90% of the microfilaria carriers. Nevertheless, considering the risks of severe adverse effects
in patients with high microfilaraemigand treated with
ivermectin (CHETAUX et al., 1996), large-scale treatment cannot be recommended.
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LONDON SCHOOL OF HYGIENE
& TROPICAL MEDICINE

ALUMNI ASSOCIATION
Did you work or study at the LONDON SCHOOL OF
HYGIENE & TROPICAL MEDICINE? Are you a member of
the Alumni Association?
The Association currently has over 9,000 members on the database, and addresses for over 6,000 of these. We want to contact
more alumni who are not aware of the Association, and to re-establish contact with those with whom we have lost touch.

Membership of the Association is free, and open to all former students and staff of the School. The Association seeks to
develop closer links between alumni and the School, and to act as an information exchange network. It aims to provide a means
for alumni to exchange experiences, and for us to keep them updated on developments and changes in the School's research and
teaching activities. Alumni receive regular copies of the Alumni News and the School's Annual Report, and are invited to attend
Reunions which are held during major scientific meetings throughout the world.
The School will be celebrating its centenary during 1999, and a programme of special activities and events has been planned.
Dates and times will be adveaised on the School's Website as well as through academic channels of communication. We hope
to welcome as many alumni as possible in this celebratory year, and would like to invite you to join us as we look back over the
achievements of the School and its alumni during one hundred years of tropical medicine and public health, and forward to plans
for the future.

For more inforination, please contact:
Tel +44 (0)I 71 927 2073
Fax 1-44 (i)171580 7593
E-mail alumni@lshtm.ac.uk
Website http://www.lshtm.ac. uk

Dr Anna Dennison
Alumni Association Secretay
London School of Hygiene h Tropical Medicine
Keppel Street LOhDON WCIE 7HT UK
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