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A Review of the Control of Simulium Vectors
of Onchocerciasis

J. P. McMAHON 1

The purpose of this paper is to bring together all the available information concerning
the control ofSimulium vectors ofonchocerciasis in Africa and Central and South America.

Some of the larger control schemes are described in detail. Insecticidal formulations,
rates of dosage, and methods of application are given when available, and costs per square
mile (or square kilometre) are quoted where possible as a guide to future operations.

The efficacy of ground application (larviciding) as compared with aerial application
(larviciding and adulticiding) is discussed and it is concluded that ground larviciding is
likely to achieve the best results, at less cost, in onchocercal foci where the vectors usually
breed in small, densely wooded streams.

Data in connexion with fly densities, prior and subsequent to control schemes, are quoted
when available.

All the major Simulium control schemes in Africa
and Central and South America are included in this
review, but some of the pilot schemes and most of
the insecticide trials are excluded. However, where
unusual techniques were employed or where valuable
lessons were learned, they are referred to in the text.

Control of the vectors of onchocerciasis has been
achieved in Africa and the New World with the use
of larvicides and adulticides. Larvicides have been
applied at ground level and adulticides from air-
craft.
Ground larviciding has been found to be the most

effective means of control and emulsifiable con-
centrates containing up to 33 % DDT have given
the best results. They have been applied at rates
varying between 0.03 ppm/30 min and 0.5 ppm/30
min, depending on local conditions, and at these
levels DDT is known to be non-toxic for fish. Rivers
have usually received treatment once in 7-10 days
and applications have been continued throughout
the rainy season, or for periods of not less than
3 months. Aerial larviciding is practised extensively
in Canada and the United States of America, but
it is doubtful whether this form of control would be
successful in onchocerciasis areas, mainly because
most vector Simulium species breed in small forest
streams which have dense canopies. However,

1 Entomologist, London School of Hygiene and Tropical
Medicine, Field Station, Winches Farm, St Albans, Herts.,
England.

S. damnosum breeds in Jarge, open rivers as well as
small streams and might therefore be controlled by
aerial applications in certain areas. But any form of
control which entails the use of aircraft is expensive
and might well be precluded on these grounds, save
in exceptional circumstances.

Adulticides are used in the United States of Ame-
rica but have only twice been employed in Africa.
Virtual elimination of S. damnosum was achieved in
Leopoldville (now Kinshasa) in 1948 when 26 daily
treatments were applied from the air at the rate of
20 mg/M2. But efforts to eradicate S. damnosum
failed at Mayo Kebbi in 1955 when 12 treatments
with HCH (y-BHC) were applied by aircraft at the
rate of 10 mg/M2 during a period of 6 weeks. Ground
applications of adulticides have achieved limited
success in Canada and the United States of America.
Results, however, were erratic and protection lasted
for only a few days. It would appear, therefore, that
adulticides are not generally suitable for control
schemes.
Undue prominence is given in this review to

control schemes against S. neavei and S. damnosum
in Africa because the writer was engaged in the
control of these vectors for many years. It is regretted
that schemes in the New World are not given the
prominence they deserve, but this is unavoidable
not only because of the author's lack of experience
of this part of the world, but also because of the
paucity of published data from this area.
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CONTROL OF SIMULIUM DAMNOSUM

ERADICATION OPERATIONS IN UGANDA

The most important foci of Simulium damnosum
are found along the Nile from Lake Victoria to
Lake Kyoga and from Atura to Lake Albert. The
lower reaches of the rivers draining the Ruwenzori
Mountains are also infested and the fly occurs on

the lower reaches of the rivers in West Nile Province
and near the mouth of the Nkusi River. In Uganda,
as in other parts of East Africa, the onchocerciasis
transmission picture is complicated by the presence
of zoophilic strains of S. damnosum and by the
occasional overlap with S. neavei.

Victoria Nile
The Victoria Nile is some 65 miles (100 km) in

length and carries a fringe of dense riverine forest
along the greater part of its course between Lake
Victoria and Lake Kyoga. S. damnosum adults are

found along the whole length of this forest fringe,
but breeding-sites appear to be confined to the
upper 40 miles (64 km) from the Owen Falls dam
to Mbularnuti (Barnley, 1958, and unpublished data).

Onchocerciasis has been recognized as a serious
problem in the Jinja area for many years and it was
in this area that Gibbins carried out many of his
pioneer studies on simuliids. However, the first
extensive surveys were not undertaken until 1948.
The proposal to eradicate S. damnosum from the
Victoria Nile came into prominence with the build-
ing of the Owen Falls dam at Jinja, at the headwater
of the Nile, in 1950. It was necessary to protect the
large labour force from the disease and the nuisance
of biting flies, and also to forestall disease transmis-
sion in the area of new industrial development near

the hydroelectricity works.
In the early part of 1950 an air-spraying experi-

ment was carried out and 8 km of the river banks
in the upper reaches of the Nile were treated at the
rate of 20 mg/M2 as an anti-adult measure. Satis-
factory results were achieved, but it was considered
that this was largely because of the larvicidal
action of the DDT which fortuitously fell on the
surface of the water. It was therefore decided to
apply 10 weekly larvicidal treatments to give a

concentration of 1 part DDT in 2 million parts of
water. Eradication was apparently achieved, but
reinfestation from an unknown source necessitated
re-treatment during the years 1952, 1956, 1961 and
1964. Various concentrations of DDT were used;

in the last dosing campaign it was found that
12 applications at 7-day intervals at the very low
concentration of 0.036 ppm/30 min was effective.
The upper Nile is an exceptionally favourable situa-
tion for Simulium control because there is no breed-
ing upstream of the dam and no infested tributaries
downstream. It is only necessary to apply the DDT
at a single dosing point in the dam sluice to ensure
complete control throughout an extensive area.

Evaluation of results. After the first treatment in
1952, adult S. damnosum disappeared until 1953,
when they reappeared in low densities. After the
second treatment in 1956 no flies were caught until
1960. After the third treatment in 1961 no flies were
captured until mid 1964, when a fourth treatment
was applied. It seems likely that total eradication
was achieved as a result of the 1956 and 1960 cam-
paigns. The picture is one of intermittent eradica-
tion for periods of about 4 years. The source of
reinfestation has not been determined (Colbourne &
Crosskey, unpublished report, 1965).
The Victoria Nile scheme has been very effective

and has protected a population of approximately
225 000 living in an area of 1600 square miles
(4144 kM2). Unfortunately there are inadequate
clinical and parasitological records to assess the
effect of the Simulium control on the prevalence and
severity of the disease.

Murchison Nile

Preliminary entomological surveys were carried
out in the period 1953-58 and S. damnosum breeding-
sites were found in a 50-mile (80-km) stretch of the
Nile from Amenya Rapids to the Murchison Falls.
Adult flies were found in high densities in the well-
wooded tributaries, but little biting activity was
observed on the banks of the Nile which, in this
region, are mainly grassland or sparsely wooded.
The Murchison Nile (approximately 20 000 ft3/s;

or 566 m3/s) was treated in 1959 with DDT at
0.2 ppm/30 min applied in 11 weekly treatments
from January to April (the first treatment being
0.02 ppm/60 min). The application point was at
Amenya Rapids; below it were 50 miles (80 km) of
rapids and the Karuma and Murchison Falls. The
formulation, 12% DDT in a 50/50 mixture of diesel
oil and power kerosene, was applied from a boom of
perforated polyethylene pipe 490 feet (149 m) long,
suspended across the river between two steel towers.
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After the second application the fly count, which
had averaged 20-30 per hour, fell to zero. However,
by July the flies reappeared and by October large
numbers of larvae were found in a tributary, the
Aiago River. Examination in August showed that
a large population of larvae had returned to the
Nile (Brown, 1962).

Evaluation of results. The absence of flies after the
second DDT treatment indicates that the larviciding
measures were largely effective in the Nile. However,
the rapid reappearance of adult S. damnosum and
the recolonization of the breeding-sites indicates
that the fly was never absent from the district. Re-
infestation was probably from undiscovered foci
in the smaller tributaries.

Ruwenzorifoothills
Minor control schemes have been in operation in

this area for several years. At one place on the Ruimi
River, S. damnosum was a serious problem near a
prison camp. The camp was successfully protected
by fortnightly dosing with DDT. A promising
experiment on the Nyamasagani River had to be
abandoned because of civil disturbances, but further
studies are in progress in this area.

CONTROL OPERATIONS IN NIGERIA

S. damnosum is widespread in Northern Nigeria,
especially along the River Niger and its tributaries.
An enormous area is infested; many of the rivers
are inaccessible. Both ecological and financial
difficulties prevent any widespread eradication
schemes. It has been necessary therefore to con-
centrate on limited control projects in specially
selected areas. These include:

(a) the Abuja project in the Eastern Niger Pro-
vince;

(b) the Niger Dam project near Kainji in the
Borgu Province;

(c) a number of minor schemes on the Mimi,
Kaduna and Oji rivers.

Control of S. damnosum at Abuja
The scheme was designed to discover if a signi-

ficant degree of control could be achieved in a river
system continuously exposed to reinfestation (Davies
et al., 1962).
The Abuja control area comprises about 1200

square miles (3120 km2) of hilly or slightly undulating
country. The altitude is mainly between 1000 ft and
1800 ft (300 m-550 m) above sea level. Within the

control area are numerous small isolated patches
of dense forest and often moderately heavy fringing
forest along stream sides and river banks, but the
vegetation consists mainly of thin open savanna
woodland. The human population within the control
area numbers approximately 32 000.

Preliminary entomological surveys were made
during the period September 1954 until December
1955. It was known that S. damnosum was almost
completely confined to the perennially flowing larger
rivers, for example, the Gurara, Tapa, Iku and
Usuman. During the rains of 1955 catches of adult
flies were made throughout the control area to estab-
lish a basis for comparison in post-treatment years.

Larviciding measures were considered to be the
only practical means of controlling S. damnosum
in the area. Treatment points were selected on the
Tapa, Iku and Usuman rivers for the initial larvicid-
ing in 1956. It was decided (Crosskey, 1958) not to
dose the large Gurara River (4000 ft3/s-6000 ft3/s-
113 m3/s-170 m3/s-in the rains) because the main
breeding-sites were generally inaccessible; and as
the scheme was designed to study reinfestation, this
river served as a potential source of new flies (Cross-
key, 1958). The first treatment was made at the end
of the dry season with DDT at 1.4 ppm/30 min in
12 weekly applications at 4 dosing points. In sub-
sequent years the applications were made at 7 dosing
points (4 being on the Usuman) and the dosage was
reduced first to 0.5 ppm/30 min and finally to 0.5
ppm/l 5 min. A solution in diesel oil was used in
1956 and 1957; subsequently this was replaced with
a 25% emulsifiable concentrate of Didimac 25
(Brown, 1962). In 1958, the Wuye River (a small
tributary of the Usuman) was included in the dosing
scheme because larvae of S. damnosum were found
breeding in it. Later, in 1960, heavy breeding of
S. damnosum was found in the lower reaches of the
River Wushe, also a tributary of the Usuman.

Assessment of results against the vector. Good
control was achieved and adult densities dropped in
the project area from 8.8 flies/man-hour in 1955 to
less than 1.0 fly/man-hour in 1958, 1959 and 1960
(see Table 2 in Davies et al., 1962).

Assessment of interruption of disease transmission.
The prevalence of onchocerciasis in the Abuja area
had been found by Crosskey to be 83% by skin-
snip survey. In 1956 Henry (cited by Brown, 1962)
found it to be 55%; a similar resurvey in 1960
showed it to have dropped to 31 %. The reduction
(of 60 %) was in the lowest age-group (under 9 years);
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however, there were still a few case
contracted below the age of 5 years
cerciasis incidence showed the most m
in villages more than 6 miles (9 km
the rivers, suggesting that at and beyor
the parasite densities fall below
required for transmission (Davies et

Costs. The annual total expen(
project for the years 1956 to 196C
personal emoluments and allowanc
mental staff, are given as under (afte
1962):

Total costs
f *

US $
Cost per head
of population

S **
US cents

1956 1957 1958

1 055 1 050 1 904
2954 29405331

0.66 0.65 1.19
9.24 9.20 16.66

* West African pound USS 2.80 in the years
*WWest African shilling USS 0.14 in the yeai

The cost per head of population is
of 1/- ($0.14 at the time of writing)
might well be met from local funds.:
Davies et al. (1962) have miscalculat
head as 9/8 ($1.35); this figure was
quoted by Brown (1962) in his revie
control in Africa.

Control of S. damnosum on the Nige,
Kainji, Borgu Province, Northern N

Preliminary investigations commei
1961 and extended over an area of so
miles (2331 kM2). Wet and dry seaso
S. damnosum breeding-sites were m;
principal rivers within a radius of 30
of the dam site. Systematic catches ol
nosum were made at preselected sit
established that the season of the l
activity extended from June to Oc
during 1962 and 1963, the invest
extended to include rivers and stream
miles (160 km) to the south of Kain-
an area of some 17 000 square miles (4

S. damnosum breeds all the year roi
perennial tributaries of the Niger, t
and the Maingyara. It was considere
two rivers were treated during the d
might prevent massive wet-season bi
Niger, which is unsuitable for S. d
duction in the dry season, and also i

es of infection larger tributaries which flow only during the rains.
The oncho- Larviciding of the two rivers began in mid-March

arked decrease 1962 and adult densities were reduced to zero. By
,) distant from the end of May, however, large numbers of adult
id this distance S. damnosumn were captured in the Kontagora/
the threshold Maingyara systems and the scheme was therefore
al., 1962). abandoned. Reinfestation was believed to have been

iiture on the from the rivers Awuru and Moshi to the south and
), exclusive of south-west.
-es of depart- Full-scale larviciding trials were carried out on
r Davies et al. the main Niger River in 1962. Arkotine emulsion

containing 25% DDT was used and treatments were
applied at 0.02 ppm/30 min to 0.04 ppm/30 min.
At the main dosing point the river was 300 yd-400 yd

2 578 1 524 (274 m-365 m) wide with an estimated discharge of
7 218 4267 141 000 ft3/s (ca 3900 m3/s). In the first instance

control was confined to an area included in a 15-mile
(24-km) radius of the Kainji dam site, but fly

1.61 0.95 densities remained high owing to invasion from
22.54 13.30 areas outside the controlled area. An extension of

shown. control measures in an area within a 30-mile (48-km)
rs shown. radius caused temporary reduction, but fly densities

in the region quickly rose to 26 flies/man-hour in the region of
per year and Wawa and 36 flies/man-hour in the Oli valley, not

In their paper, far from Kainji. Effective control was achieved only
ed the cost per when the Moshi, Teshi and Nono rivers, some
inadvertently 90 miles (145 km) to the south and south-west, were

w of Simulium brought under control. Regular river-dosing opera-
tions are now, undertaken over an area of nearly
3000 square miles (7770 kM2) while supplementary

r River dani at river dosing extends over another 8000 square miles
igeria (12 875 kM2). Fly counts dropped to an average of
nced in April 0-49 fly/man-hour in the region of the dam site and
mi1X OMlei90 inre have remained low since that time.
,n searches for
ade in all the
miles (48 km)

f adult S. dam-
es and it was
greatest biting
xtober. Later,
igations were
s as far as 100
ji and covered
4 000 km2).
and in the two
he Kontagora
d that if these
ry season this
reeding in the
amnosum pro-
n some of the

Evaluation of results. Excellent control has been
achieved in the inner perimeter of the 60-square-mile
(1 55-kM2) protected zone, encompassing Wawa, New
Bussa, the camp and township sites as well as the
dam site at Kainji. Fly densities were very low
during the 1963 and 1964 rainy reasons, when fly
activity is usually at its peak. The average fly count
during the period July-October was 0.10 fly/man-
hour, and even in the outer protection zone, an area
of 250 square miles (647 kin2), fly densities were on
average no greater than 0.33 fly/man-hour for the
same period.

Latest reports (1965), however, indicate that while
fly densities remain low in the inner 60-square-mile
protected zone, fly densities have increased slightly
in the outer protected zone.

This vast focus includes not only the huge River
Niger, but large riverine systems such as the Oli,
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Moshi, Swashi, Menai, Teshi, Awun and the
Kontagora, each discharging thousands of cubic
feet of water per second during the rainy season.
It is encouraging to note that in spite of the
magnitude of the problem, it has been possible to
achieve a high degree of control.

Costs. Disease/vector control on the Niger dam
project has involved a recurrent expenditure of
between £30 000 and £35 000 (US$ 84 000-USS
98 000) annually, a large proportion of which is
absorbed by the anti-Simulium campaign. The high
costs of control are due to the upkeep of hundreds
of motorable bush tracks and to the cost of insec-
ticides; each application ofDDT for the River Niger
alone costs between £300 and £500 (USS 840-
US$ 1400) per treatment.
The total number of people employed in the

construction of the dam was in the region of 13 000
in 1965 and the population was expected to rise
between 15 000 and 18 000 by 1966. The cost per
head is nearly £2 (US$ 5.6) per annum, a figure well
beyond the resources of most African rural com-
munities. However, the area affected by the control
is in the region of nearly 12 000 square miles
(31 079 kM2). Here the population density is at
present very low, but with the completion of the
dam the area will become more prosperous and more
heavily populated, so if the Simulium control scheme
continues the eventual costs per head may be well
below the present figure.

Other vector control schemes in Nigeria
Three other control schemes have been instituted

in Nigeria, near Kaduna, Lokoja and Enugu. A
fourth scheme is under consideration for the control
of S. damnosum in the region of the Hawal River,
a tributary of the River Benue in north-eastern
Nigeria. Very few data are available in connexion
with any of these schemes.

Kaduna. The River Kaduna is infested with
S. damnosum for a distance of 100-200 miles (161 km-
322 km) below Kaduna, the capital city of Northern
Nigeria. The focus is small, but onchocerciasis is a
serious problem with infection rates as high as
100% in some villages.
A brief survey was carried out by Crosskey in 1950

and a field assistant was posted there so that fly
densities could be assessed during the proposed
dosing scheme. The project commenced in 1956
when 12 weekly treatments of DDT were applied at
the rate of 0.5 ppm/30 min. Similar treatments were
applied in 1957 and 1958. Only one application was

made in 1959 and the treatment was discontinued in
1960. The population density of adult flies, which
in 1955 ranged up to 30 flies/man-hour, remained
low until 1960.

Lokoja. A brief entomological survey was made
in 1958 and showed that a 25-mile (36-km) stretch
of the Mimi River in the region of Lokoja was
infested with S. damnosum. The local health
inspector supervised the subsequent control meas-
ures, but no details are available. Systematic check
surveys have not been made.

Enugu. In Eastern Nigeria, S. damnosum is quite
abundant in the Enugu area, where biting activity
is high, but there is little evidence of onchocerciasis.
A brief entomological survey was carried out in 1954
at the request of the Eastern Electricity Board;
subsequently a restricted dosing scheme was started
on the Oji River. Regular treatments with DDT in
dieselene were applied at 5-day intervals and were
repeated for at least 3 years. No data on the effect
of these measures have been published.

CONTROL OPERATIONS IN GHANA

In Ghana, onchocerciasis is most prevalent in the
northern territories where the infection rates range
from 80% to 100 %. The vector, S. damnosum,
occurs in the Black, White and Red Voltas and their
tributaries (Brown, 1962).
No large-scale control schemes have been attemp-

ted in Northern Ghana. J. D. M. Marr (unpub-
lished report, 1965) summarizes the position as
follows: " very little control work was done in this
area. A few trials with 10% DDT in fuel oil on the
Red Volta and the Morago met with little success.
In 1959 a 25% emulsifiable concentrate was applied
to the Sisili, but no reduction of the fly was evi-
dent .. .". Results of some of the principal dosing
trials during the period 1954-60 are given in the
accompanying table. A more ambitious project was
carried out in north-west Ghana; an account of this
scheme is given below. A short account is also given
of a control project in Southern Ghana.

Control of S. damnosum in Northern Ghana
An area of some 2000 square miles (5180 km2) in

north-west Ghana was chosen for the control
scheme. It is bounded in the north by the Ghana/
Upper Volta border, in the south by the Wala
traditional area, on the west by the Black Volta and
on the east by a granite watershed. The area is
drained by three rivers-the Black Volta, Kamba
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INSECTICIDAL TRIALS CARRIED OUT IN GHANA, 1954-60

Year Riverine systems [ Inicand dosage rates Evaluation of results

1954 Sisili and 10 % DDT in fuel oil was applied at A reduction in the adult densities of about 70 % was
Kanyanbia the rate of 0.1 ppm/15 min at 4-day observed during August only, followed by a rapid

intervals. Seven applications were reinfestation.
made in the rainy season during July
and August.

1954/55 Kamba (tributary of I part 10 % DDT solution in kerosene, Simulium damnosum larvae were eliminated from the
the Black Volta) plus I part soap and 10 parts clay. Kamba River (380 ft3/s; 10.7 m3/s) from the point of

This mixture was applied at a DDT application of the larvicide to its junction with the
dosage of 0.03 ppm/23 min. Black Volta 24 miles (38 km) downstream.

1954-55 Black Volta The same formulation as used for the At the time of the trials the Black Volta was running at
Kamba (above) was applied at the 1600 ft3/s (45 m'/s). Complete control of S. damnosum
rate of 0.044 ppm/30 min. larvae was obtained up to 50 miles (80 km) and partial

control (45 %) was observed at a point 100 miles
(160 km) downstream. Four more applications were
made at 4-day intervals in January 1962, which reduced
the adult density to zero in March, but shortly after-
wards this section of the river was recolonized by
S. damnosum.

1957 Red Volta 10 % DDT in fuel oil (dosage rate un- Results were unsatisfactory as only 50 % control was
known). achieved. It was observed that the larvicide by-passed

certain sections of the river. These trials were repeated
in 1959 when similar poor results were obtained.

1957 Morago stream and 10 % DDT in fuel oil (dosage rate un- Complete control was obtained in this narrow, fast-
dam spillway at known). flowing stream. But in repeated trials in 1959 only
Buguri partial control was achieved.

1959 Black Volta Didimac emulsifiable concentrate; Complete larval control was obtained for 50 miles
DDT applied at 0.1 ppm/30 min. (80 km) downstream.

1959-60 Black Volta Didimac emulsifiable concentrate; Good control was obtained in the Black Volta and the
Kamba River DDT applied at 0.1 ppm/30 min in Kamba River, but control of the Sisili was less success-
Sisili River each river. ful.

and Bekpong. The Black Volta is bordered by dense
forest and the other rivers and streams are fringed
with light riverine bush. The vegetation is savanna
bush and open grassland interspersed with tall trees
(Noamesi, unpublished report, 1964).

Systematic preliminary entomological surveys
were carried out during a 3-year period from 1957
to 1960, when all rivers and streams were searched
for S. damnosum breeding-sites and adult catches
were made at preselected sites. Dosing operations
commenced in 1960, when the Black Volta, Kamba
and Bekpong, as well as 7 streams and 4 dam spill-
ways were brought under control. Didimac 25 DDT
emulsifiable concentrate was used and was applied
at rates of from 0.05 ppm/30 min to 0.10 ppm/30
min at 7-day intervals. Treatments were applied
throughout the rainy season, but some dosing points
on the Kamba were inaccessible at the height of the

rains. Where possible, check surveys were carried out
1-2 days after each treatment.

Evaluation of results. Results were generally good
and fly densities were reduced from around 20 flies/
man-hour to 40 flies/man-hour to between 1 and 2
flies/man-hour in 1960. Similar results were obtained
during 1961, but densities in the region of the Kamba
rose at some points to between 2 and 4 flies/man-
hour. During 1962 fly densities in the region of the
Black Volta were generally low, but rather high
catches were recorded at Kpamfa. High catching
rates were also recorded in the region of the Kamba,
where densities reached 10.63 flies/man-hour at
Kulkani during October.
There is no doubt that the rather high densities

in the region of the Kamba were due to the irregular
larvicidal treatments. Adherence to the dosing
time-table was impossible during the height of the
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rains because the roads became impassable. This
serves to underline the importance of good road
communications in any scheme where ground
larviciding is contemplated.

Control of S. damnosum in Southern Ghana
In 1962 the Volta River Authority organized a

control project to protect the workers engaged in the
construction of a new dam at Akosombo. The
scheme was based on a brief preliminary survey
carried out in early 1962 and the first DDT treatment
was applied in November the same year.
The area is drained principally by the Volta River,

which has a well-defined channel with a minimum of
tributaries. The even flow of the Volta is interrupted
by a number of rapids where prolific production of
S. damnosum takes place. Adult S. damnosum
densities were not high and rarely exceeded 5.0 flies/
man-hour.

Control was confined to the Volta River and none
of the tributaries received treatment. The dosing
point was at Dodi, 17 miles (27 km) upstream from
Akosombo and satisfactory control was achieved
over a 30-mile (48-km) stretch of the Volta when the
river was high, but was less effective in the dry
season when the river was very low. Insecticide
treatments commenced in November 1962 with
nine treatments of DDT at the rate of 0.1 ppm/30
min applied every 10 days, and was later increased
to 0.3 ppm/30 min. The effect of this treatment was
short-lived and it was necessary to treat the river
again during March-July 1963. It was not possible
to treat the river during the late wet and early dry
season in 1963 owing to high-level floods, and
treatment was postponed until February 1964. With
the closure of the diversion tunnel in May 1964 and
the subsequent filling up of the lake, breeding-
grounds upstream began to be submerged and no
further treatments were therefore necessary. A few
sites below the dam continued to breed S. dam-
nosum, but the densities were low and it was con-
sidered that the situation called for no further
control measures.

Evaluation of results. Control appeared to be
effective, as post-treatment fly densities remained
low at between 0.02 and 0.7 fly/man-hour as com-
pared with pretreatment densities of between 1.11
and 2.87 flies/man-hour recorded during the period
July-November 1962. Fly densities may, however,
have been much higher at other periods of the year.

Costs of the scheme are not available, but they
must have been considerably less than those for the

Kainji scheme on the River Niger dam in Northern
Nigeria, where more extensive control measures
were undertaken."

CONTROL OPERATIONS IN SIERRA LEONE (TONKOLILI)

The entire country is infested with S. damnosum,
with the notable exception of the sierra itself around
Freetown and the southern coastal plain. It is drained
by 9 rivers each with a dry-season discharge of
1000 fts/s to 10 000 ft3/s (28 m3/s-283 m3/s) at the
downstream limit of breeding. The prevalence
of onchocerciasis was found by Blacklock to be
50% at Tumbodu on the Upper Rewa and by Mills
to be 30% at Marampa on the Sell River (Brown,
1962). The fly densities range up to 250 flies/man-
hour at Port Toko near the Lower Seli (Brown, 1962).

Present knowledge concerning the distribution and
the incidence of the vector, S. damnosum, is incom-
plete as no systematic entomological surveys have
been made. Large-scale control measures have not
been instituted, presumably because of the lack of
funds. One small scheme has, however, been under-
taken in the region of the Tonkolili River by the
Sierra Leone Development Company Ltd in order
to afford protection for its staff engaged in mining
activities in that area.

Insecticide treatments were commenced in April
1957 with 7 treatments of DDT at 1 ppm/30 min
applied every 10 days to the river and to its tributa-
ries. This work was done by surveyors who were
especially exposed to infection. Fly densities had
been shown to be 23 flies/man-hour in September
1955 (wet season) falling to about 10 flies/man-hour
in the dry season (Brown, 1962, quoting Lewis,
1956, 1958). Systematic treatments were later
inaugurated by Crisp, who applied a series of fort-
nightly treatments at 1 ppm/30 min from December
1957 to March 1958 (Crisp, unpublished reports,
1957-59). Applications were resumed in December
1958 and continued every 2 weeks for an entire
year. (Dosages were initially applied at the rate
of 1 ppm/30 min but were reduced to 0.5 ppm/30
min in August 1958). Routine fortnightly treatments
were reintroduced in June 1960 at the rate of 0.5
ppm/30 min and were continued during 1961.

Evaluation of results. Good control was achieved
during treatment periods when fly densities were

1In an unpublished report (Volta River Authority,
July 1964) total costs of the scheme (excluding personal
emoluments) was given at £5542, of which £3155 was
non-recurrent and £2387 was recurrent.
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recorded at 0.7-0.8 fly/man-hour, but densities
increased during non-treatment periods to 6.2 flies/
man-hour.

In his report for 1960 (unpublished), the Medical
Officer of the Sierra Leone Development Company
Ltd of Tonkolili states, " By the end of 1960 it was
clear that we had established control throughout
the valley. In other words, fortnightly larviciding
with Didimac at Waka Junction could control
S. damnosum breeding in the Tonkolili as it pursued
its tortuous 40-mile long course to the Seli. At the
same time it was known that the Seli was still infected
with the vector and that reinvasion was always
possible ".

CONTROL IN THE CONGO RIVER AT KINSHASA

Because of the political disturbances in the Congo
there has been little or no control in this region in
recent years. The position up to 1960 was reviewed
by Brown (1962). Citing Lebrun (1954), he noted
that there were at least 6 foci of S. damnosum-
including Kinshasa (formerly Leopoldville), Lomani,
Sankuru and Kivu. Only at Kinshasa was there any
serious attempt to control the fly.

Onchocerciasis' transmitted by S. damnosum posed
the most serious problem at Kinshasa, where 100%
of the African population was infected (with 5%
blind), and 45 % of the resident Europeans had the
disease (Brown 1962, quoting Wanson, Courtois &
Lebied, 1949). The larvae bred in the rapids of the
Congo during the period when the river was low
from June to August. They were found attached not
only to rocks, but also to Pennisetum (horse tails)
and to floating masses of Echinochloa. The adults
would rest on vegetation on the islands in the rapids,
the males clustering on the flowers of Baphia. Fly
densities reached a peak in August and September
(Brown, 1962).
The massive discharge of the Congo, which, even

in low water, is 1 000 000 ft3/s (28 300 m0/s), made
it impossible to add larvicide to the river as a whole.
Adult control was first attempted by dusting the
vegetation in the most heavily infested suburbs of
Kinshasa with 10%/ DDT dust at 20 kg/ha; it proved
entirely ineffective. An aircraft was therefore used
and a DDT aerosol was produced by injecting a 20%
DDT solution, in 3 parts xylene and 7 parts gas-oil,
into the exhaust stack. The eastern river bank, the
islands in the rapids and the western river bank were
treated at a target dosage of 20 mg DDT per m2
between September and December 1948, and a vir-
tually complete kill of adult flies and of larvae in

the river was obtained. In March and April 1949
it became necessary to treat the Ndjoue, Luwa and
Zumune rivers on the west side, since they were
the source of flies repopulating the Congo islands.
This resulted in an apparently total elimination of
S. damnosum from the district.
However, 10 years later, Kinshasa was still

being kept free of S. damnosum only by continued
annual applications. These were accomplished by
the use of helicopters, and 4% HCH was substituted
for DDT as an exhaust aerosol. The most difficult
problem was the Ndjoue River on the west side, in
which infestation persisted, despite aerial treatment
of its lower 10 km each year, until 1952. Since 1952
annual applications have been made on the eastern
side of the River Congo as part of a scheme to control
Anopheles gambiae. During this period only some
20 flies (S. damnosum) a year have been discovered at
Kinshasa and these are considered to have originated
at Ndjoue across the river. The number of new cases
of onchocerciasis in Kinshasa since 1949 has been
zero. After the installation of a dam 2 km above its
mouth, the Ndjoue was treated in 1959 by adding
larvicide to the reservoir. However, this river became
repopulated 6 months later and by 1960 the adult
density was very high. With a high prevalence of
onchocerciasis in the African population along the
Ndjoue, this focus remains a serious one (Brown,
1962).

Evaluation of results. During the 1948 campaign,
DDT aerosol treatments were applied to adult
resting-places and these included small islands in the
rapids as well as the adjacent wooded banks of the
River Congo. Although the main effort was believed
to have been against the adult flies, it is possible
that a considerable larviciding effect was achieved.
At the same time there may have been a similar
ecological upset to that described by Barnley (1958
and unpublished data). He observed that, subsequent
to DDT larviciding treatments of the Victoria Nile,
filamentous algae growths of about 1½Y2 to 2 inches
(3-5 cm) long were found attached to rocks and
trailing vegetation, rendering these sites unsuitable
for the early stages of Simuliidae. Some of the larval
sites on the Congo may have escaped treatment and
this would account for the continued presence of
S. damnosum adults in the vicinity of Kinshasa. On
the other hand, these flies may have emanated from
breeding-places in the upper reaches of the Ndjoue,
Foulakari, Luwa and Zumune rivers to the west,
which are now suspected to be within the flight range
of S. damnosum. The evidence suggests that the

422



CONTROL OF SIMULIUM VECTORS OF ONCHOCERCIASIS: A REVIEW

Congo in the region of Kinshasa is not a true isolate
and that it is unlikely that eradication could be
achieved without treating a much more extensive
area. Nevertheless, there can be no doubt that the
extensive air spraying of the Congo at Kinshasa has
been outstandingly successful in keeping the city
and its environs free from the fly.

CONTROL MEASURES IN THE MAYO KEBBI AREA, CHAD

Onchocerciasis was first observed in the region
of the Mayo Kebbi River, Lere District, Chad, in
1950. The first entomological survey was made in
1954, when the early stages of S. damnosum were

found breeding in the rivers and adults were captured
in large numbers. Both banks of the river are fringed
with dense, evergreen bush, but the surrounding
country is dry savanna, merging into semi-desert
wasteland.
The first insecticidal attack was made in 1955 on

the Mayo Kebbi where S. damnosum bred in a 55-km
stretch extending upstream from Tessoko to the
entry of the Mayo Ligam. This is an isolated fly
population, the nearest neighbours being 100 km
to the south, on the Mayo Wemba, a tributary of the
Benue River. Most of the larvae were found at the
mouth of the Ligam and at Birimi. Adults accumu-

lated between these points at the mouth of the Mayo
Ledde and at the Chutes Gauthiot, where they were
in excess of 400 flies/man-hour in the evergreen
vegetation. The Mayo Kebbi was treated in the dry
season when the flow was only 8 fts/s (226 litres/s);
between 15 February and 1 April 1955 it received
6 successive applications at 3 points of gamma-HCH
at 1 ppm/30 min-2.5 ppm/30 min. This treatment was
applied by mixing part of a 15% lindane emulsion
concentrate (Pechinery-Progil) with 1 part of clay
or laterite and 5 parts of water. During the same

period 10 adulticide applications were made along
the Mayo Kebbi with 2% lindane in gas-oil emitted
as aerosols from the exhaust stacks of two Bell
helicopters. The larvae had completely disappeared
by 21 February and the adults by 1 March.

Despite the relatively high dosage, which killed
many fish, eradication of S. damnosum was not
achieved since the flies returned in the following wet
season. The reason for failure is still unknown. There
were stretches of 15 km above the Chutes Gauthiot
and 20 km below the Ligam dosing point which were
too inaccessible to be checked. The tributaries
(Mayo Ligam, Ledde and Tam) were not treated
because they were completely dry at the time. Larvi-

ciding treatments were therefore continued from 1956
to 1958, gamma-HCH being applied at weekly
intervals in " crash " concentrations of 3 ppm/i min.
In 1959 this was replaced by DDT at 6 ppm/i min
(Louis, unpublished, quoted by Brown, 1962).
Adulticides were used only in 1955, but larvicide
treatments are now applied annually during the dry
season.

Evaluation ofresults. Eradication was not achieved
in 1955. The flies returned in the following July,
2 months after the rains had started. Taufflieb (1956)
is of the opinion that two factors were responsible
for failure, (a) adult aestivation and (b) ineffective
larviciding due to insufficient dosing points. Louis
(unpublished) supports this view when he states that
numerous dosing points are necessary when rivers
are low and sluggish. Ovazza (personal communica-
tion) considers that the Mayo Kebbi is well within
the flight range of the S. danmosum breeding-grounds
in the Mayo Wemba, a tributary of the River Benue,
some 100 km to the south.
No simple explanation can be given for the failure

of the two-pronged attack against S. damnosum in
1955 when adulticides as well as larvicides were used.
It would appear, however, that the larviciding
measures were not completely effective because
similar treatments during subsequent years have
achieved nothing more than control. Adulticiding
measures may have failed because treatments were
confined to the main river and adult flies may have
been aestivating in the upper reaches of the dry
tributaries. The area may have been rapidly re-
infested from the south, but this is unlikely. In short,
until the problems of aestivation and flight range are
resolved, the cause of failure must remain in doubt.
The project, however, cannot be regarded as a
complete failure because a high degree of control has
been achieved. Fly densitiLs have been reduced to an
average rate of 20 flies/man-hour throughout the
year. But-of more significance-during the dry
season, when the maximum transmission used to
take place, the fly density is almost nil.

PILOT SCHEMES IN THE IVORY COAST AND
UPPER VOLTA

Preparatory work has been conducted by the
Organisation de Coordination et de Cooperation
pour la Lutte contre les Grandes Endemies, involving
the governments of Dahomey, Togo, Ivory Coast,
Upper Volta, Niger and Guinea, under the aegis of
the Office de la Recherche Scientifique et Technique
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Outre-Mer, with operational headquarters at the
Centre Muraz, Bobo-Dioulasso, Upper Volta
(Brown, 1962). Since 1956, a number of pilot
schemes and dosing trials have been carried out with
a view to instituting permanent control in areas of
high endemicity. The results have been encouraging,
but no large-scale projects have yet been completed.

Upper reaches of the Black Volta

A pilot scheme was instituted in Upper Volta to
the west of Bobo-Dioulasso in 1962, when the upper
reaches of the Black Volta and 5 tributaries were

treated with DDT emulsion from October 1962 to
February 1963. Large rivers received 10 daily
treatments at the rate of 0.5 ppm/30 min and the
tributaries were dosed at the rate of 1.0 ppm/30 min.
In order to prevent reinfestation of the pilot project
area, a fly-free zone was established by larviciding
2 adjacent rivers: the Farako in Mali and the Comoe
in Upper Volta.

Results. The area became completely reinfested
18 months after cessation of treatment. Excellent
control was achieved although flies were always
present in one tributary. Adult densities were

reduced to one fly per week in areas where 700 flies
were previously captured per week by one man in a

12-hour working day.
Routine dosing has now been instituted in the

Mali area, where 5 dry-season treatments, at 10-day
intervals, have been applied. Up to 1965 no flies had
been captured.

Ivory Coast

Two control projects have been instituted in the
Ivory Coast. The first, in the northern area, is in
open savanna country and the second, in the forest
zone, is in the south.

Northern area. Preliminary entomological surveys

were carried out during a period of 3 years (1962-64),
when the distribution and densities of S. damnosum
were recorded. Peak biting activity occurred in the
wet season, when densities reached 400 flies per

man-day (12 hours) falling to 7-10 per man-day in
the dry season. Onchocerciasis is a serious problem
in this area.

The object of the scheme was to protect the highly
important agricultural community in the region of
the River Bandama, where some 40 000 people live in
an area of 4240 km2 (1636 square miles). The pro-

ject area is drained by two riverine systems, the
Bagoe and the Bandama, and both main rivers are

perennial. The Bagoe, a tributary of the Niger,
breeds S. damnosum throughout the year and is
therefore dosed at 7-9 points every 10 days at rates
varying between 0.3 ppm/30 min and 0.5 ppm/30 min,
depending on the season of the year. The Bandama
runs southwards towards the sea and is dosed,
together with its two main tributaries, at 19 different
points during the dry season, because it is only at
this time of the year that breeding occurs. Larviciding
treatments were instituted in 1965, but no results
were available at the time of writing.

Important extensions are planned in this area
during the next 5 years and control will be extended
to include south-east Mali and west Upper Volta,
where the population exceeds 1 000 000 and where
over 150 000 people are infected with onchocerciasis.
The aim is to separate the savanna zone, the east
from the west, so that transmission can be reduced.
Mass medical treatment campaigns will be carried
out at the time of the control.

Southern area. The second scheme will be put into
operation at the end of 1965 when a forest area some
300 miles (480 km) to the south of the first scheme
will be taken into control. This area is centred on the
middle reaches of the River Bandama where a
35-mile (55-km) stretch of the river is heavily infested
with S. damnosum. Except for a large tributary
which joins the Bandama at the same point, no local
breeding-places exist. The nearest foci occur
approximately 70 miles (110 km) to the east and
west.
A pilot scheme was carried out during 1963, when

excellent results were obtained. S. damnosum den-
sities were reduced from 1200 per man-day to
between 5 and 10 per man-day. A 30% DDT
emulsion was used and it was applied at three dosing
points at the rate of 0.1 ppm/30 min for 3 or 4 con-
secutive applications and this treatment was repeated
every 3 months.

Onchocerciasis is endemic in this area, but is not a
serious problem. In some villages up to 70% of the
adult population are infected, but ocular complica-
tions are absent and children below the age of 15 are
rarely infected. The vicious attacks of S. damnosum
not only make life unbearable, but they seriously
interfere with the economic activities of this highly
important farming and industrial community.

Control measures will not only interrupt trans-
mission, but considerable relief will be obtained
from the attacks of the fly. No extension of this
scheme is contemplated, but similar measures may
be adopted elsewhere.
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CONTROL OF SIMULIUM NEA VEI

Simulium neavei is not as widespread as S. dam-
nosum and for this reason it is of secondary import-
ance, although in some areas it is a more efficient
vector. Vectors of the S. neavei complex are found
in Uganda, Tanzania and the Democratic Republic
of the Congo, and in a very small pocket in north-
western Kenya. Before the eradication scheme in
Kenya, the larvae of S. neavei were found only on
the carapace of the freshwater crab, Potamonautes
niloticus, in sunny cascades of the large forest rivers;
they did not occur in small forest streams where
P. niloticus was succeeded by P. granvicki. On the
other hand, in Uganda, S. neavei occurs on two crab
hosts-P. niloticus in the large rivers and P. loveni
(Uganda form) in small forest streams-and in
Tanzania another member of the S. neavei complex,
S. woodi, is the vector and it occurs on yet another
species of crab, P. lirragensis.

ERADICATION IN KENYA

S. neavei was virtually eradicated from Kenya in
1956. Only a very small area now remains infested
and this is an extension of a much larger focus
existing on the western slopes of Mount Elgon in
Uganda. Originally there were 4 foci: the large
Kakamega/Kaimosi area in north Nyanza and 3 in
south Nyanza, 2 of which were very small pockets.
These small foci, Kodera and Riana, were probably
linked to the larger Kisii/Kericho focus which lies to
the south, but became isolated during the last few
years by the efforts of an expanding farming popula-
tion. Eradication was largely achieved with the use
of larvicides, but S. neavei was eliminated from
Riana as a result of a bush-clearing experiment.

In the larger foci breeding was profuse and wide-
spread, and adult densities varied from less than
1 fly/man-hour to as much as 200-300 flies/man-
hour in the upper reaches of the Yala, in Kaimosi
District, and 200 flies/man-hour in the region of the
River Kipsonoi, in the Kericho District.

Total costs of eradication were not high, but they
showed variations from district to district largely
because of the nature and the accessibility of the
terrain as well as the numbers of rivers which were
required to be treated. Total survey and control
costs were as follows:

KakamegafKaimosi (1947)
Kakamega/Kaimosi (1951/52)
Kisii/Kericho (1952)

Cost per Cost per km2
square mile (approx.)
£ s. d. USS

2 4 0 2.38
113 0 1.78
1 0 0 1.08

Conditions in Kenya were unusually favourable
for successful eradication schemes. Although the
foci extended over some 4000 square miles (10 360
km2), breeding was mainly limited to areas of easy
access and well served by roads. Elsewhere, S.
neavei is often found in circumstances where eradica-
tion is difficult to achieve and modified control
schemes must be adopted.

Kodera, South Nyanza
A small pilot scheme was successfully completed

in 1946 when S. neavei was eradicated from an area
of 65 square miles (168 km2). Two local rivers were
treated with 13 applications of DDT at 2.5 ppm/
30 min between January and June. The last adult
fly was captured on 23 March 1946 and none has
been caught since.

Riana, South Nyanza
The riverine forest along the Riana and the Yabi

was removed in 1943. This achieved complete
eradication of S. neavei and no flies have been cap-
tured since 1947 (Buckley, 1951).

Kakamega/Kaimosi area, North Nyanza
The first attempt at eradication was made in 1947,

when all the rivers and streams in an area of 1500
square miles (3884 kM2) were treated with 11 applica-
tions of DDT at 1.0 ppm/30 min to 2.5 ppm/30 min.
However, S. neavei reappeared within a few months
and the scheme was temporarily abandoned. This
was before the phoretic association of S. neavei with
crabs had been discovered, so at this time it was
impossible to determine the full extent of the breed-
ing-sites.

In 1954, with the new knowledge of the more
extensive distribution of breeding, the focus was
again treated. The area was increased to 2000
square miles (5180 kM2) to include infested rivers
which were outside the forest zone. Seven treatments
of DDT at 0.5 ppm/30 min to 2.0 ppm/30 min were
applied at 10 daily intervals and achieved almost
complete success, but a small stretch of the Yala
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River was found infested with S. neavei in December
1955. Re-treatment of this river during 1956 resulted
in the complete disappearance of S. neavei from the
district.

Evaluation of results. The 1947 control scheme
was based on the distribution of adult flies and, as a
result, some of the infested streams were not treated
because no adult flies had been captured on them.
At this time, because of the limited knowledge of the
habits of the vector species, the scheme was bound
to have failed. S. neavei was finally eradicated from
this district in 1954-56 when dosing measures, based
on larval surveys, were applied to all infested rivers
and streams. No adult flies have been captured in
the Kakamega/Kaimosi area since December 1955,
and the earlier stages have not been seen during
frequent check surveys made since that time.

KisijiKericho area, South Nyanza
A preliminary survey was carried out in 1952,

when the external boundaries of two, large, adjacent
foci were delineated. As a result the rivers in an area
of 1150 square miles (2979 km2) in the Kisii/Kericho
district were treated with 10 applications of DDT
at 0.5 ppm/30 min to 1.0 ppm/30 min between
October 1952 and January 1953. Eradication was
achieved. The last adult S. neavei was captured in
this district in October 1952 and, despite frequent
searches, the earlier stages have not been found
since that year.

Effect of S. neavei control on the transmission of
onchocerciasis in Kenya
Onchocerciasis was endemic in all four foci

(Buckley, 1949), and is probably still present in the
older age-groups in some areas. No new cases have,
however, been reported in children born since the
eradication of the vector. In Kodera in 1946, 37% of
children aged 4-8 years and 7% in the 3-4-year age-
group had positive skin biopsies (Garnham &
McMahon, 1947), During subsequent surveys
carried out in 1950 and 1953, infections in the
4-8-year age-group had dropped to 5.8% and 5.0%
respectively and no infections were found in children
aged 3-4 years (Garnham & McMahon, 1954). Later,
in 1957, 11 years after the vector had been eradicated,
no infections were found in children below the age
of 15 (Nelson & Grounds, 1958).

CONTROL OPERATIONS IN UGANDA

S. neavei is widely distributed through the uplands
of Uganda. This is due to a topographical rather

than a climatic factor. Free-flowing rivers suitable
for S. neavei and its phoretic hosts exist only where
descending mountain slopes or escarpments provide
suitable conditions. There are limits to S. neavei
breeding in that it does not occur above 7000 feet
(2100 m) in the highlands, because here the rivers
are too cold, and it does not breed in the hot plains,
for example, below 2030 feet (620 m), at the bottom
of the Albert escarpment. The flight range of
S. neavei is severely limited and in Uganda it is
confined to either rain forests or riverine forests
(Barnley, unpublished report, 1961).

Simulium neavei transmits onchocerciasis in the
following foci:

(a) the western side of Mount Elgon in eastern
Uganda;

(b) Kigesi Province in south-west Uganda;
(c) the foothills of the Ruwenzori Mountains in

the extreme west;
(d) along the escarpment to the east of Lake

Albert in western Uganda, including the Bogoma
and Budongo foci;

(e) the highlands of the West Nile District in the
extreme north-west, near the Congo border.

Control measures have been undertaken in three
of the foci-namely, Mount Elgon, the West Nile
District and in the Budongo Forest. Investigations
carried out in the Bugoma Forest and in the Ruwen-
zori Foothills indicate that onchocerciasis is of less
importance in these districts and for this reason
control measures have not, as yet, been instituted.
In Kigezi, where the prevalence of onchocerciasis is
high, control operations have been delayed because
of the likelihood of rapid reinfestation from the
adjacent Congo.

The eradication scheme in the Mount Elgon area

S. neavei is confined to the western and southern
slopes of Mount Elgon, in the area of highest rainfall,
covering approximately 600 square miles (1550 km2).
The terrain is precipitous and is heavily wooded,
except in the valleys and the lower hill slopes. The
crab host is P. niloticus in the lower regions but
higher up, in the small forest streams, it is P. loveni.1
A preliminary entomological survey in 1956 indicated
that an eradication project might succeed and treat-
ments were commenced early in the following year.

All known rivers and streams in the area were
treated with 12 applications of DDT at 0.5 ppm/

1 Formerly known as P. baraudi.
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30 min at fortnightly intervals between January and
April (Brown, 1962, quoting Barnley & Prentice,
1958). Arkotine 18 (an 18% emulsifiable concen-
trate) was used for the larger streams (up to 70 ft3/s;
2 m3/s). Smaller streams (less than S ft3/s; 140 litres/s)
were treated with a token dose of 1 litre of Arkotine
18, or with bags of vermiculite which had been
soaked in this concentrate.

Evaluation ofresults. The S. neavei population was
reduced to a low density by mid-February, when
heavy rains set in, but eradication was not achieved.
New streamlets were formed and some of them
were probably colonized by the crab host, P. loveni.
It was impossible at this stage to make a resurvey
and so some of the streams remained undetected
and for that reason were not dosed. Within a few
months, fly densities were again high in many of
the valleys.

Control of S. neavei in the Budongo Forest

The forest lies in the centre of a belt of S. neavei
that extends along the whole length of the escarp-
ment to the east of Lake Albert. The adult flies were
found throughout the forest and the immature stages
breed in small, heavily shaded streams in association
with the crab P. loveni (Barnley & Prentice, 1958).
Over 80% of the employees in a forestry concession
in this area were found to be infected with oncho-
cerciasis, which was prevalent among the local
population.
The Budongo-Siba area, totalling 160 square miles

(414 kM2), was treated, presumably with a view to
eradication, in 1955-56 with DDT at 0.5 ppm/30
min in 12 successive applications at 10-day intervals.
There was a total of 20 dosing points on 5 streams
through the forest and Arkotine emulsifiable con-
centrate was used (Brown, 1962). The number of
ffies was reduced, but repopulation developed within
6 months.
A new series of treatments was initiated in August

1956, and DDT was applied at 0.2 ppm/30 min at
fortnightly intervals for 12 months. At the end of this
period, the early stages could not be found in the
rivers and the adult fly had completely disappeared.
To avoid the possible reinfestation from neighbour-
ing untreated foci, maintenance doses at the same
rate have since been applied to the rivers at intervals
of 6 weeks by the staff of the Budongo Saw Mills
Company. The total cost of the insecticide is £60
($168) per annum (Barnley, unpublished report,
1961).

Evaluation ofresults. No adult S. neavei have been
captured in an area of 250 square miles (647 km2) in
the Budongo Forest since 1957 and no new cases of
onchocerciasis have been reported among the staff
and students of the Forestry School since 1956. This
is a remarkable achievement and suggests that
similar measures could be adopted in non-isolated
areas of high economic importance where eradica-
tion is impracticable.

Control of S. neavei in the West Nile District
S. neavei occurs in the highlands of the district, in

rivers originating on the watershed dividing the Nile
and the Congo basins. Throughout this area of
some 2000 square miles (5180 kM2) the early stages
can be found in considerable numbers in large and
small streams. It is extremely difficult, however, to
capture adult flies feeding on man. The incidence of
this disease in several valleys approaches 100% of
the total population, but in others the distribution
of onchocerciasis is very patchy (Nelson, 1958).
A pilot scheme was initiated in 1955, when 4 rivers

and 2 tributaries in the Bondo area received 12 DDT
treatments at 0.5 ppm/30 min at weekly intervals.

Evaluation of results. S. neavei disappeared and
was not found during check surveys until 18 months
later. This may indicate that spot eradication had
been achieved and that reinfestation came from
neighbouring valleys.

CONTROL OPERATIONS IN THE EASTERN CONGO

S. neavei occurs in the large tropical rain forest
in the Oriental Region of the Eastern Congo. The
terrain is undulating and, apart from considerable
areas of wooded marsh, is covered with primary
and secondary forest.
Two onchocerciasis foci, Bokuma and Bambelota,

occur south of the River Congo near the River
Lomani, where numerous streams and small rivers
flow perennially. The early stages of S. neavei were
found attached to an unnamed species of crab
(Potamidae) and the adult flies fed regularly on man.
Onchocerciasis was seen in most of the villages
throughout the district and in some of them 100%.
of the adult population were infected.

All infested streams were treated with a 25%
emulsifiable concentrate (Neocide M25) at 0.2
ppm/30 min for 10 applications at 10-day intervals.

Evaluation of results. Eradication was not
achieved although adult densities remained low for a
period of 3 months. The early stages of S. neavei
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were found on crabs 4 months after the dosing
operations were discontinued and it was evident
that reinfestation came from unsurveyed streams in

areas to the south. These results indicate the
impracticability of eradication schemes in non-
isolated forest areas.

VECTOR CONTROL IN CENTRAL AND SOUTH AMERICA

Onchocerciasis has long, been regarded as a
serious problem in Mexico and Guatemala and more
recently the disease has been found to be prevalent
in parts of Venezuela. Control in the Americas is
complicated by the presence of a variety of vectors
including S. metallicum, S. ochraceum and S. calli-
dum. There may even be a number of secondary
vectors, for example, S. gonzalezi, S. veracruzanum
and S. haematopotum (Chavas Nufiez, 1963; Vargas,
1962).
Although the first successful control of a vector

of onchocerciasis was reported from Guatemala,
where Fairchild & Barreda (1945) first used DDT,
no widespread eradication schemes have been
attempted in Guatemala or Mexico, and only limited
control of the flies has been achieved in these
countries. Failure to control the flies is largely
due to the inaccessibility of breeding-sites and in
many areas this has resulted in a policy of control
based on less expensive therapeutic measures,
including denodulation. However, in Venezuela,
vector control has been given priority and some
success has been achieved.

MEXICO

Control of the vector species of Simuliidae was
first undertaken in Mexico in 1954 when a pilot
scheme was instituted in the region of the Rio
Despoblado in the State of Chiapas.

Control is, at present, being carried out in the two
onchocerciasis zones in the States of Oaxaca and
Chiapas (Crosskey, 1959). Control is exceedingly
difficult because breeding takes place in rivers in
heavily dissected mountains clothed with tropical
forest and watered by innumerable, swift, turbulent
rivulets and streams. Range after range of irregularly
folded, steep-sided mountains with very uneven
valleys make penetration very difficult, especially
by road (Crosskey, 1959, quoting Dalmat, 1955).
Ground applications of larvicides were first used

in 1954, when DDT was applied in the form of
wettable powders (50% DDT) and emulsifiable
concentrates (33 % DDT in Xylol and Triton).

Streams were treated every 15-20 days throughout
the year. There was a marked reduction in adult
densities and larvae were eradicated from streams
which had been treated, but it was necessary to apply
booster doses at every 300 m (Diaz, 1956, 1959).

Dieldrin has recently replaced DDT and is applied
at 0.25 ppm/30 min every 20 days. Only a few rivers
in the States of Oaxaca and Chiapas are at present
being controlled. Control undoubtedly brings about
a reduction in the Simulium population, but frequent
and continuous larvicidings are necessary to main-
tain this reduction and as soon as insecticidal
control is relinquished the flies re-establish them-
selves. Thus, enormous effort is required under
Mexican conditions for comparatively little return
(Crosskey, 1959).

GUATEMALA

Fairchild & Barreda (1945) were the first to use
DDT against the vector species of Simuliidae when
they applied it to rivers and streams in an oncho-
cerciasis area of 8 square miles (20 km2) in the
region of Yepocapa in 1944-45; when it was applied
at the rate of 0.1 ppm/60 min, larvae were eliminated
for distances of 2000 feet (610 m) in small streams
and for much greater distances in rivers.

In 1952-53 Lea and Dalmat, working in the same
region, treated 1500 streams in an area of 80 square
miles (207 kM2) during a period of 3 months, when
complete eradication of larvae was achieved. Small
streams were treated with DDT at 0.1 ppm/3 min
and large streams and rivers at 2 ppm/3 min or
0.1 ppm/60 min. Adult densities were significantly
reduced during the control period (Lea & Dalmat,
1955).
These trials were not followed up and no control

of the vector species of Simuliidae is at present
being carried out in Guatemala, presumably because
of the enormous difficulties presented by the terrain.

VENEZUELA

A campaign was begun to eradicate the disease
in 1958, one aspect being the control of simuliids.
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Promising results were obtained during a pilot
scheme when DDT was applied to streams at points
6 miles (9 km) apart at the rate of 1 ppm, which was
later reduced to 0.5 ppm (Ibaniez de Aldecoa, 1961).

It would appear that control measures are now
fully established. Lewis & Ibafnez de Aldecoa (1962)

state that antilarval measures have been begun by
the Onchocerciasis Campaign Organization; DDT (a
25%° emulsion) was used at the rate of 1 part ofDDT
per million parts of water, but difficulties arose
because fish were affected. No results of the initia
phases of the scheme have, as yet, been published.
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RIESUMt

L'auteur passe en revue les principaux aspects de la
lutte menee contre les simulides vecteurs de l'oncho-
cercose dans plusieurs regions du monde. Des precisions
sont fournies sur les caract6ristiques des foyers traites,
la duree des applications insecticides, les preparations et
techniques utilisees (concentrations, dosages, frequence),
les densit6s des populations d'insectes, le couit des
mesures d'assainissement.

Les r6sultats de ces operations sont en gen6ral satisfai-
sants, mais des echecs ont ete enregistres par endroits a la
suite de traitements incomplets ou irreguliers. Dans la
region du Nil Victoria (Ouganda), l'emploi des larvicides
a entraine l'eradication du vecteur, Simulium damnosum,
pendant des periodes de 3 a 4 ans. Le premier essai de
larvicides a et6 effectu6 en 1946, au Kenya, contre
S. neavei et les premiers epandages a6riens d'aerosols
ont eu lieu a Kinshasa (Republique d6mocratique du
Congo) en 1948. La preparation la plus utilisee est
le DDT en concentre pour emulsion a des dosages
variant de 0,04 partie par million (Niger) et 0,036
partie par million (Ouganda) a 1,4 partie par million
(Nigeria).
En Afrique, la destruction de S. damnosum a ete entre-

prise dans de nombreux pays: Ouganda, Nigeria, Ghana,
Sierra Leone, Congo (R6publique democratique), Tchad,
C6te d'lvoire et Haute-Volta. Partout, elle a repose sur
l'emploi des larvicides sauf a Kinshasa, oui l'on a recouru

aux epandages aeriens d'a6rosols, et au Tchad, oiu le
traitement par larvicides a ete combin6 aux epandages
d'adulticides par h6licoptere.
Le combat contre S. neavei a ete men6 au Kenya, en

Ouganda et dans 1'est du Congo (R6publique d6mocra-
tique). Au Kenya, oiu il existait a l'origine quatre foyers,
1'eradication du vecteur a ete virtuellement r6alisee en
1956. Ces r6sultats ont 6te obtenus grace a l'utilisation
des larvicides, sauf dans le foyer de Riana oiu l'on a pro-
ced6 par elimination de la veggtation riveraine. En
Ouganda, trois projets ont ete menes a leur terme avec
succes. Dans 1'est du Congo, S. neavei infeste un vaste
territoire. Deux foyers secondaires traites par larvicides
ont e rapidement envahis de nouveau, ce qui demontre
l'inutifit6 des actions dirig6es contre des foyers non isoles.
En Amerique centrale et en Amerique du Sud, la lutte

est rendue difficile par suite de la grande variete des
simulides vecteurs. Au Mexique, dans les Etats de
Oaxaca et de Chiapas, on utilise actuellement les larvi-
cides a base de dieldrine. Les resultats sont bons, mais
seul le traitement ininterrompu des rivieres empeche la
reinfestation. Au Guatemala, deux tentatives de lutte
contre les simulid6s, en 1944-1945 et 1952-1953, sont
restees sans lendemain et aucune action n'est actuelle-
ment en cours dans ce pays. Au Venezuela, une cam-
pagne pilote utilisant le DDT a debute en 1958. Ses
resultats ne sont pas encore connus.
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