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The Simulium Control Scheme at Abuja,
Northern Nigeria, and its Effect on the Prevalence

of Onchocerciasis in the Area
JOHN B. DAVIES1

This account of the conduct of the Similium Control Scheme at Abuja, Northern
Nigeria, over the period 1956-66 shows that, by larvicide treatment of some 160 km of
rivers with DDT in the early wet season, the Simulium damnosum density has been
reduced by about 90 % of its precontrol level each year over an area ofmore than 3000 km2.

A skin-snip survey, in which 6748 persons were examined (of whom 5700 lived within
the controlled area and 1048 in a comparison area) during 1966, indicates that there has
been no obvious decrease in prevalence of onchocerciasis, particularly among children
born since the commencement of the scheme, that could be attributed solely to the effects
of the control measures, although there are indications that a drop in severity of infection
has been achieved.

Dissections of wild-caught S. damnosum suggest that, although the fly-density was
greatly reduced by the control measures, the proportion of infective flies increased half-way
through theperiod, probably owing to the greater proportion of older flies in the post-control
populations; as a result, the estimated number of infective bites was only halved. By 1966,
however, the infective bite rate was down to about 1/30th of its original level.

It is concluded that the control scheme has demonstrated that the S. damnosum
population in a small area within a larger endemic area can be substantially reduced by
treating the rivers with DDT during the first 12 weeks of the wet season. It appears,
however, that onchocerciasis may be transmitted by a very low density of S. damnosum.

The author suggests that an ophthalmic survey would reveal whether there has been
any change in the incidence of onchocercal blindness due to the control measures, and that
an entomological investigation might show whether the continued transmission is due to
residual, resident or immigrant fly populations or whether a second vector is involved.

The Simulium Control Scheme in Abuja Emirate,
Northern Nigeria, was started by the Ministry of
Health at the end of 1954, when the Simulium
Control Unit came into being. Since the incidence
of onchocerciasis in this area was high in the pres-
ence of widespread breeding of the vector, Simulium
damnosum Theobald, the control scheme had
3 objectives:

(a) to assess the feasibility of control within an
area not isolated from other fly areas from which
continuous reinfestation could occur;

1 External staff, Medical Research Council, Trinidad
Regional Virus Laboratory, Port-of-Spain, Trinidad. The
work described was carried out while the author was serving
as WHO Consultant.

(b) to evolve a practical and economic technique
for routine annual control;

(c) to assess the effect of vector control on the
incidence of onchocerciasis within the project area.

The opening phases of the control scheme have
been described in detail, initially by Crosskey (1958)
and later, covering the first 5 years of control, by
Davies et al. (1962).
At the same time as the commencement of the

control scheme the human population was exten-
sively surveyed by means of single skin-snips to
determine the prevalence of onchocerciasis, and the
frequency of Onchocerca larvae in the vector
was determined by dissecting wild-caught female
S. damnosum (Crosskey, 1957b).
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1966 marked the tenth year of continuous control
of S. damnosum at Abuja, and the Government of
Nigeria was anxious to obtain an independent
assessment of the scheme and its effect on the
human population. The author therefore visited
Abuja as a consultant to the World Health Organi-
zation during June and July 1966 to:

(a) assess the effect of the past and present control
measures;

(b) estimate the present prevalence of onchocer-
ciasis in the human population;

(c) determine the present incidence of Onchocerca
larvae in the vector;

(d) draw conclusions from these results, and make
recommendations for the future conduct of the
scheme.
Owing to the limited time available it was not

possible to pursue the entomological investigation
very far, but it is hoped that the following account
will suffice to give an appreciation of the Simulium
and onchocerciasis situation at Abuja.

In considering the following account it should be
remembered that the basic sampling techniques
such as fly-rounds and breeding surveys were laid
down early in 1955 when practical experience of
control schemes was very limited, being more
or less restricted to the work of Taufflieb (1955) in
Mayo-Kebbi, Barnley (unpublished data, 1953) in
Uganda, and Wanson et al. (1949) at Leopoldville
(now Kinshasa). The knowledge of the local habits
of S. damnosum also was at the time limited to the
observations of Crosskey (1955). In the light of
more recent knowledge some of the methods now
employed for assessing the S. damnosum density
(e.g., 15-minute fly-rounds) may be considered
inefficient. It has been necessary to continue them,
however, in order to provide a valid comparison
with the precontrol assessments made in 1955.

THE CONTROL SCHEME

Organization
The Simnulium Control Unit at Abuja is the

responsibility of the Rural Health Division of the
Ministry of Health, Northern Nigeria, and the day-
to-day administration is conducted through the
Sleeping Sickness Service Office at Bida about
80 miles (ca 130 km) to the west, through which
all financial matters are passed.
At present the unit is staffed by I control officer,

I inspector, 4 or 5 control assistants and 1 headman.

There is also 1 driver for each of the 2 unit Land-
Rovers. During the wet season about 5 control
assistants-in-training are attached to the unit for in-
struction in the larviciding and fly-round techniques.

Description of the area

The control scheme and the area in which it is
situated have already been described in detail
(Crosskey, 1958; Davies et al., 1962), so only a
brief outline will be given here.
Abuja Emirate is not typical of most of Northern

Nigeria in that the land is formed of rolling hills and
is dotted with large granite outcrops and inselbergs.
The hills are drained by numerous small streams
whose courses are frequently interrupted by water-
falls where they flow over exposed rocks.

Reference to the map (Fig. 1) will show that the
large Gurara river, which supports S. damnosum
along most of its length, flows about 12 miles
(20 km) to the north of the Emirate and later forms
the western boundary. North of the Gurara lies
a steep watershed whose effect is that the Gurara
does not receive any significant tributaries from
the north and all streams in this area flow north-
wards into the Kaduna river system. To the east
the Emirate is bounded by another watershed from
which drain the rivers Tapa and Usuman concerned
in this scheme. I

The northern two-thirds of the Emirate is drained
by three main rivers, the Tapa, Iku and Usuman,
which are perennial S. damnosum breeding-rivers.
The Tapa has breeding-grounds along its latter half
below Chauma, the River Iku from just above
Abuja township downstream to its confluence with
the Usuman, and the Usuman along most of its
length from Mahapa downsteam. Two tributaries
of the Usuman, the rivers Wuse and Wuye, support
S. damnosum when they are in spate, usually between
July and September, depending upon the rainfall.
The controlled area is estimated at 1200 square
miles (3120 kM2), containing 100 miles (160 km) of
S. damonsum breeding-grounds and populated by
32 000 persons.
There is a single dry season each year, lasting

from mid-October to April, although only the
months from November to February average under
1 in (25 mm) of rainfall. The first storms of the
wet season occur in mid-March or early April
while the rains proper last from May until about
the first week of October, with maximum rainfall
in August and September. The mean annual rainfall
at Abuja is 65 in (165 mm) per annum, but yearly

188



FIG. I
ABUJA SIMULIUM CONTROL PROJECT AREA, WITH LARVICIDE TREATMENT-POINTS AND VILLAGES
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rainfall varies from about 60 in to 72 in (152 mm-
183 mm).

Since the main S. damnosum breeding-rivers are
dependent on the local rainfall for their water, the
abundance of S. damnosum closely follows the
rainfall pattern. Fig. 2 shows that in the precontrol
year of 1955 the -S. damnosum population did not
begin to increase until June, after the beginning
of the wet season, rising to a peak in September,
and declining almost to zero once more in December.
During January to May fly densities are too low
to be detected by fly-rounds, but breeding continues
at a low level wherever suitable conditions occur.
The population of the whole Emirate number

some 67 000 of whom about 8000 are Moslem
Hausas living mainly in and around Abuja township,
with a few in the larger villages. The remainder
of the population is composed of three pagan tribes:
the Gwari, who are widely dispersed over the
Emirate and form two-thirds of the total population;
the Bassa, in the south-west; and the Koro in the
north.
The three tribes live in small scattered villages,

and often in hamlets containing a single household.
Over the last 10 years there has been a tendency
for these hamlets to aggregate to form diffuse
villages but with the original units still separated.
Farming is the main occupation and may be

carried out many miles from the village, the men
and boys who till the land camping out for days
at a time in the planting season. Harvesting and
selling the crop is the responsibility of the women
and girls who may walk up to 30 km a day carrying
the produce to the markets in Abuja and other
principal villages. Children up to about 3 years of
age are carried on the back and accompany their
mothers on all but the shortest journeys.

Control methods
A detailed account of the control measures

applied between 1956 and 1960 has been given by
Davies et al. (1962). The following is a brief summary.
To control the breeding on the 3 rivers 7 treatment-

points were chosen, 2 (No. 2 and 5) on River Tapa,
1 (No. 1), on the River Iku above Abuja, and 4
(No. 3, 4, 6 and 7) on River Usuman. In 1956
and 1957 technical-grade DDT in diesel oil was
applied over a period of 30 min, at an estimated
concentration of 1.0 ppm, once a week at each point
for 12 weeks during the early dry season (March
to May and February to April). The insecticide
was dispersed from 5-US-gallon (ca 19-litre) kerosene

tins with a single hole in the bottom. In 1958 the
formulation was changed to 25% emulsion applied
at the same concentration over the same period,
and the time of treatment was changed to the early
wet season (May to August), just as the rivers
began to rise, since the 2 previous years had shown
that the state of the rivers in the dry season was
too uncertain and the insecticide was frequently
lost in large, slow-moving pools. This change in
timing resulted in the elimination of breeding along
the whole length of the River Tapa and the Usuman
as far down as Pai for the first time. Because of
the difference in season it was necessary to treat
the River Wuye at 3 points during the last 3 weeks
of the treatment period.
The same technique was used during 1959 except

that, because of a late start in June, treatments
were continued into August, when the rivers were
so swollen that the quantity of insecticide consumed
was increased by one-half. By 1960 it was apparent
that the timing and application of the insecticide
was achieving as high a degree of mortality as could
be expected and it was decided to attempt to modify
the technique and place the treatments on as stylized
and routine a basis as possible.

In order to dispense with the tedious measuring
of the river discharge before each application and
the calculation of the dosage, during which con-
siderable errors could arise if the work was per-
formed by unskilled hands, a standard dose was
calculated for each of the 7 main treatment-points
for each week of application. This was derived
from the discharge records of the previous years.
The intention was that this schedule should be
maintained regardless of river flow, and although
there would be occasions when considerable over-
and under-dosing would occur, on the average
concentrations would be maintained at 0.5 ppm.

In addition to this new regime the dosing time
was cut from 30 min to 15 min, thereby reducing by
half the quantity of insecticide used: as this new
method appeared to have the same effect on the
larvae as previous applications, it was decided to
continue this technique annually.

Treatments, 1961-66

The period 1961-66 has not been covered by any
published reports so a summary of each year's
activities will be given below. The majority of the
facts quoted here have been gleaned from monthly
and annual reports in Ministry of Health files. A
summary of dosage rates and treatments is given in
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EFFECT OF SIMULIUM CONTROL IN NORTHERN NIGERIA, 1956-66

TABLE 1
COMPARISON OF TREATMENTS AND FORMULATIONS USED AT ABUJA FROM 1956 TO 1965

DDT I No. of Dosage Treatment Total quantity
Year formulation treatment- rate time of formulation Treatment periodformulation ~~points (ppm) (min) used a

1956 Technical grade in diesel oil 4 1.0 b 30 1 294 lb 5 March to 24 May

1957 of to .. of 7 1.0 30 2128 lb 4 Feb. to 26 April

1958 25 % emulsion 7 + 3 c 0.5 30 1 165 UK gal 26 May to 18 Aug.

1959 Pt I, 7 + 3c 0.5 30 1 683 UK gal 1 June to 27 Aug.

1960 it IV 7 +3c 0.5d 15 478 UKgal 9 May to 27 July

1961 so go 6 + 6 f 0.5 d 15 412 UK gal 7 May to 25 July

1962 to it 7 +6f 0.5d 15 526 UKgal 30 April to 18 July

1963 .., , 7 +6f 0.5d 15 .500UK gal 6 May to 22 July

1964 t o 7 + 6f 0.5 d 15 449 UK gal 4 May to 22 July

1965 ,, ,i 7 + 6f 0o,d 15 456.5 UK gal 3 May to 21 July

a I lb = 454 g; 1 UK gal = 4.54 litres.
b Dosage rate calculated to give a mean rate of 1.0 ppm over the 12 weeks.
c Three additional points on River Wuye operative for last few weeks of treatment only.
d Standard dosage technique.
e Tapa Falls treatment-point omitted.
f Additional points as in footnote c plus 2 others on River Wuse and 1 on River Madakin lku.

Table 1. The standard dosing technique was used
each year.

1961. The Tapa Falls treatment-point was omitted
partly because of its inaccessibility due to a broken
bridge but also in order to see how far the effect of
dosing at Chauma would carry. There was very
little rain during June, but rivers flowed satisfac-
torily in May and July. S. damnosum was removed
everywhere by the fifth week except for the lower
reaches of the River Tapa, especially at Wagu.
However, this point was clear by the eighth week.

In the latter part of the 1960 treatment, S. dam-
nosum had been found in 2 previously unsuspected
streams: a small tributary of the River Iku, the
Madakin Iku, about 1 mile (1.6 km) upstream of
the Iku treatment-point (No. 1), and the River Wuse
which joined the River Usuman near Tsitsibiri
(Fig. 1). To deal with these breeding-sites 3 extra
treatment-points were set up, No. 11 and 12 on the
River Wuse and No. 14 on the River Madakin Iku.
These new points were given 3 treatments each
during July.

1962. The Tapa Falls treatment-point was in-
cluded once more because of insufficient control in
the previous year. All breeding-sites except those at

Wagu (River Tapa) and Pai (River Usuman) were
clear of S. damnosum by the fourth week after
larviciding commenced, but these two sites were free
by the fifth week. The rivers on the whole flowed
well and the Madakin Iku had to be treated for the
whole period. The River Wuse was treated from
11 June and the Wuye from 25 June.

1963. Once again the rivers were flowing well at
the commencement of larviciding. The immature
stages of S. damnosum were much reduced in num-
bers by the second week and clear everywhere by
the fourth week after larviciding commenced. The
Madakin Iku was treated throughout the period and
both the Rivers Wuse and Wuye were included from
the first week of July.

1964. Lack of rain in May started the larviciding
with very low rivers. Breeding of S. damnosum was
reduced by the fourth week, but not eliminated.
Very heavy rain at the end of June brought the rivers
down in spate, making breeding-surveys difficult.
The Madakin Iku and Wuye were each treated once
only while the Wuse did not require any treatment.
Great difficulty was experienced in reaching the
Makapa treatment-point (No. 3) since the larviciding
track was washed away in several places.
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FIG. 2
DENSITY OF S. DAMNOSUM DURING THE JUNE-DECEMBER PERIODS FROM 1955 TO 1965 a
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EFFECT OF SIMULIUM CONTROL IN NORTHERN NIGERIA, 1956-66

1965. Again there was a shortage of rain at the
beginning of the larviciding in May. River levels
were low until the end of June. As a result of this,
S. damnosum was still to be found breeding at
Wagu on the River Tapa and Kwango and Pai on

the River Usuman after the ninth week of larviciding.
Breeding was also found below the Maiyanka Falls
at Abuja after the fourth week. The River Madakin
Iku was treated 4 times in July and the River Wuse
once only.

1966. Treatments were observed while being per-

formed during the middle of June. At each appli-
cation the river discharge was estimated using a

Watts current meter and measurements as described
elsewhere (Crosskey, 1958). This was not necessary
for the proper conduct of the standard-dose tech-
nique, but was done in order to train the junior staff
in measuring discharges. All larviciding was dis-
continued from 8 to 20 June owing to the unavail-
ability of spares for the larviciding vehicle. The
River Usuman was inspected for S. damnosum
breeding at Gwagwa, Tsitsibiri, and Gwagwalada
on 21 June and none could be found although a few
larvae believed to be S. cervicornutum were found at
each place. The Tapa Falls were inspected on

26 June, 2 days after larviciding had recommenced
on that river. At one breeding-site S. damnosum
pupae were plentiful although no larvae could be
found, presumably having been killed by the insec-
ticide. Hence it is certain that the River Tapa was

supporting quite heavy breeding until 24 June. No
S. damnosum could be dound at Wagu on 13 July.
No breeding was found in the River Iku at Abuja on

21 June, but the river was in spate and difficult to
survey. /

One further change was made when larviciding
recommenced after 20 June. The larviciding track
to Kwango on the River Usuman became impassable
owing to a broken bridge and treatments had to
be made further downstream at Tsitsibiri (Point
No. 13).
Treatment of the Rivers Wuye and Wuse and

Madakin Iku began during the last week of June.
The programme began on 2 May and ended on

27 July.

Effect on S. damnosum density. The Simulium
density is assessed by means of 43 catching-stations,
grouped into 5 fly-rounds, each of which is patrolled
once a week. These have been described in detail
by Crosskey (1958) and Davies et al. (1962). Each
round consists of 7-10 catching-stations which are

visited in turn by a team of catchers for 15 min each
time. The catchers sit with their legs bared and
collect all flies that land to bite during the 15-min
period. The biting rate is computed as flies man-
hour from the equation;

No. of flies caught
No. of catchers x time in hours

A summary of the annual densities obtained from
the unit records for the months June to December
from 1955 to 1965 is given in Table 2. By comparing
the annual density with the precontrol density as
obtained in 1955 an estimate of the degree of con-
trol can be obtained. This is expressed as percentage
control (or alternatively as percentage reduction in
density). It will be seen that during none of the last
5 years did the degree of control fall below 90%.
This compares well with the previous 5 years,
1956-60, which showed 88% or more control,
except for 1957, when the insecticide application
was deemed a failure but even so produced 83 %
control over the whole area.
Monthly densities for every year in the period

1955-65 are shown graphically in Fig. 2. These
show that from 1963 the densities were on the
average lower than in the previous control years and
that the peak catches usually experienced in Sep-
tember and October were not so pronounced. By
comparison with the precontrol year of 1955 the
records of the years 1963-65 show a very good
degree of control.

Incomplete records for 1966 again indicate a
great reduction in flies. During June only 7 S. dam-
nosum were caught in the whole area, giving a
density of 0.033 fly/man-hour (4 in Abuja town,
density 0.035 fly/man-hour). July was similar with
a total of 18 (density 0.13 fly/man-hour) of which 1
was from Abuja town (density 0.018 fly/manhour).
(See Postscript, page 205, for further 1966 data.)

Discussion on control scheme

On examination of the technique used during the
larviciding in 1966 there was no reason to suspect
that control was not being conducted satisfactorily.
In spite of the 2 weeks' cessation of larviciding both
the Rivers Iku and Usuman appeared to be free of
immature stages of S. damnosum. The River Tapa
was not free just before larviciding recommenced,
but for how long it had been reinfested is not known.
It was certainly free within a few days of the recom-
mencement of larviciding. This situation is con-
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TABLE 2
SUMMARY OF ANNUAL MEAN DENSITIES (JUNE-DECEMBER) OF ADULT S. L)AMNOSUM CAUGHT

IN ABUJA TOWNSHIP AND OVER THE PROJECT AREA IN THE YEARS 1955 TO 1965

Year

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

Project area

No. of
S. damnosum Man-hours

caught

2 241

216

2 033

412

494

1 937

791

1 710

593

702

444

252.3

667.0

1 363.5

1 030.5

649.1

1 977.5

2 018.7

2 066.5

1 883.5

1 916.8

1 953.3

Density
(flies/man-hour)I
8.882

0.324

1.491

0.400

0.761

0.980

0.392

0.827

0.315

0.366

0.227

Control
(%)

Precontrol

96.35

83.21

95.50

91.43

88.97

95.59

90.69

96.45

95.88

97.44

firmed by the fact that during July, 14 out of the
18 flies caught during that month were taken on
fly-round No. 2 in the vicinity of the River Tapa.
Of the remaining 4 flies, I was captured in Abuja
township, near the River Iku, and the other 3 from
fly-round No. 3 near the River Usuman.

If the foregoing account of the annual effect of
larviciding as determined by the breeding-surveys is
compared with the annual fly-densities in Table 2 it
will be noticed that in 1965, when control was not
good (in that sections of the River Usuman were
not cleared of S. damnosum until after the ninth
week of larviciding), the fly-round records indicated
the highest degree of control obtained during the
10 years of application. In contrast to this the fly
density in 1957 (1.49 flies/man-hour; 83.2% control)
supported the belief that the larviciding had been
a partial failure that year.

This anomaly tempts one to suspect that fly-
rounds are not providing a true estimate of the
S. damnosum density since one would expect to
find higher densities in years of poor control. The
fly-round is open to many abuses and sources of
error, but still remains the only practical method of
assessing the S. damnosum population. Catches are
affected by weather conditions, time of day, and the
individual attractiveness of the bait person. In
the early stages of the scheme a normal catching
team consisted of 3 or 4 persons. In 1960 this

Abuja township

No. of
S. damnosum Man-hours

caught

1 189

71

978

253

142

536

264

419

206

151

62

120.0

332.3

640.3

524.8

320.3

682.5

573.3

741.0

661.0

557.5

647.5

Density
(flies/

man-hour)

9.908

0.214

1.527

0.482

0.443

0.785

0.460

0.565

0.312

0.270

0.096

Control
(%)

Precontrol

97.84

84.59

95.14

95.53

92.08

95.36

94.30

96.85

97.26

99.03

number was increased to 5 (note the increase in
man-hours, Table 2) and from 1961 the number
varied from 2 to 9. This was because the scheme was
being used for training junior staff and there were
usually as many trainees as regular staff engaged at
Abuja. It was not usually practicable to split the
catchers into several teams since the distances
travelled (up to 80 km) on each round required the
use of a vehicle.
Whether 8 catchers would catch twice as many

flies as 4 is debatable. Under conditions of high
insect-density, that is probably true enough. But
what happens when densities are low? If there are
only 4 hungry flies in a certain locality at a given
time it would not be possible to catch more than
those 4 flies regardless of the number of catchers
employed. On the other hand, 8 persons as a group
are probably more attractive than 4 and would
probably catch more flies, but it is unlikely that the
catch would increase in the same proportion as the
number of catchers.
The result of this is that the density figures

recorded for the years 1961-65 are probably con-
servative and a better estimate might be obtained by
doubling the densities in Table 2 and decreasing
the degree of control similarly. However, even after
applying this correction the years 1964 and 1965
indicate a high degree of control at 91.8% and
94.9% respectively.
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Although the author has no personal experience
of the precontrol S. damnosum density at Abuja,
Crosskey (personal communication) states that
there was never any difficulty in catching S. dam-
nosum in the area during the wet season of 1955,
the Pottery Rapids and Zuba being particularly
good localities. There is no doubt that this is no
longer the case. During June and July the author
spent about 2 hours at each site, catching only a
single fly at the Pottery Rapids, nor did he see any
S. damnosum adults anywhere else in the area.

In spite of the possibility that the recorded fly-
round catches might overestimate the degree of
control achieved by the scheme, the fact remains
that S. damnosum adults are now scarce within the
controlled area.

Cost of control scheme
Davies et al. (1962) give the annual cost of main-

taining the Abuja Simulium Control Scheme for the
years 1956 to 1960 as varying between £1050 and
£2578 depending on the season of application and
the quantity of insecticide used. These costs repre-
sented the money actually spent during the course
of the work, but did not include staff emoluments,
capital expenditure or depreciation of equipment,
notably vehicles.
For the proper conduct of the scheme 2 Land-

Rovers are essential, one for larviciding during 3
months of the year, and the other for the fly-rounds
and to act as a stand-by should the larviciding
vehicle break down. For the remainder of the year
(August to April) it would be possible to manage
with 1 reliable Land-Rover.
The minimum staff required for the scheme is

1 control officer-in-charge, with an inspector as
second-in-command, 4 field assistants for assisting
with the larviciding and carrying out the fly-rounds,
1 headman to supervise the road maintenance gangs,
2 drivers and a watchman for the headquarters
buildings and stores.
A breakdown of the estimated annual cost is given

in Table 3. This is calculated not so much from
actual' expenditure as from the work done in an
average year. Transport costs have been estimated
at 4d. per mile (1.6 km). This is intended to cover
fuel, maintenance and depreciation, which itself
amounts to about £300 per annum per vehicle. Per-
manent staff salaries represent estimated total annual
emoluments including all allowances.
The total cost of controlling S. damnosum over an

area of 2100 square miles (about 5500 kM2) with a

TABLE 3
ESTIMATED COST OF SIMULIUM CONTROL SCHEME, 1965

Item f Cost

Labour for road maintenance larviciding
(30 men, 10 days at 5s. Od. per day) £E90

Labour for larviciding
(3 men, 72 days at 5s. Od. per day) £54

Labour for maintenance of office access road
(4 men, 9 months at 5s. Od. per day) £236

Insecticide, 456 UK gal Arkotine, 25 % DDT £470

Operation of vehicles for larviciding
(240 miles/week, 12 weeks at 4d./mile) £576

Operation of vehicles for fly-rounds
(270 miles/week, 35 weeks at 4d.imile) £1 830

Maintenance of office buildings £60

Incidental costs £40

Subtotal £3356

Permanent staff, -total emoluments:-

I control officer £1 250

I inspector £E600
4 field assistants £E876

1 headman £220

2 drivers £218

I watchman £95

Subtotal £3 259

Total estimated cost £6 615

population of 32 000 is £6615 per annum. This
represents a cost of £3 3s. Od. per square mile
(2.6 kM2) or £0 4s. 2d. per head of population-a
substantial increase over the previous estimated cost
of 9.8d. per head. The cost to the government would
lie somewhere between these two estimates since
most of the staff are permanent employees and would
be employed elsewhere if this scheme did not exist.
Also during the inactive period, January to April,
the senior staff are employed on Simulium survey
work elsewhere.

ONCHOCERCIASIS SURVEYS

Precontrol surveys

The two main precontrol surveys to determine
the prevalence of onchocerciasis in the area were
carried out between 1955 and 1957 by two separate
teams. One team was supervised by R. W. Crosskey,
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who examined 1173 persons in Abuja township in
1955 and a further 11 000 persons from 82 villages
in 1957. As a result of this second survey Crosskey
& Crosskey (1959) published a quantitative assess-
ment of the infections of young persons under
20 years of age. A second team supervised by
P. Henry examined 5422 persons from 22 villages
in February 1956.1
The technique used by each team was basically that

of Kershaw, Duke & Budden (1954) in that a single
small skin-snip (about 2 mm x 2 mm) was taken
from just above the left or right iliac crest, placed
in a drop of normal saline on a microscope slide,
and examined microscopically after 5-15 min. An
estimate of the number of microfilariae emerging
from the skin-snip was recorded against the donor's
village, name, age and sex.
There was one important difference in technique

between the two teams. Crosskey used a binocular
dissecting microscope to examine each slide and
recorded the total number of microfilariae from each
skin-snip, while Henry's team used monocular
microscopes with low-power objectives and recorded
the approximate number of microfilariae in the
densest field.

Post-control surveys, 1960

To assess the effect of the first 5 years' control
measures on the prevalence of onchocerciasis in the
protected area, Henry,1 using the same technique
as before, resurveyed 70 villages containing 12 234
persons during 1960. In addition, a further 6 villages
containing 1325 persons situated in the south-west
corner of the Emirate and outside the controlled
area were examined as a comparison or " control"
area.
As a result of this follow-up survey Davies (1963)

examined the results of 37 selected villages and
concluded that:

(1) between 1956 and 1960 there was a reduction
of onchocerciasis of the order of 30% among
males and 40% among females, and that this
reduction was nearly constant in all age-groups;

(2) the observed reduction was greater than might
be expected from a cessation in transmission alone;

(3) there was no appreciable change in the mini-
mum age at which children first became infected
and that children born since the commencement of
the scheme were still being infected;

'Unpublished records, Ministry of Health files.

TABLE 4

VILLAGES SELECTED FOR EXAMINATION IN 1966,
THE NUMBERS BY WHICH THEY ARE INDICATED

ON THE MAP (FIG. 1)
AND THEIR DISTANCE

FROM THE NEAREST S. DAMNOSUM BREEDING-SITE

Distance from nearest
S. damnosum

Village in Fi. 1 breeding-site

miles km

Originally surveyed
by Crosskey:
Abuchi 6 3.1 5.0

Dakun 1 2.0 3.2

Dawaki 12 3.6 5.8

Hanyagada 19 1.8 2.9

Jibi 8 3.5 5.6

Kata 5 5.0 8.0

Pai 21 0.5 0.8

Shekaweri 9 2.3 3.6

Maitama 15 6.5 10.5

Asokoro 16 7.5 12.1

Originally surveyed
by Henry
Boyi 3 2.7 4.3

Dutse Pe 11 2.1 3.4

Garam 2 6.0 9.7

Gwagwalada 20 0.5 0.8

Idu 14 3.6 5.8

Ija Gwari 4 3.5 5.6

Jiwa 18 0.5 0.8

Kwamba 7 3.6 5.8

Sagwari 10 2.3 3.6

Zuba 17 3.5 5.6

Gwagwa 13 0.5 0.8

Comparison area:
Ashara 27 6.5 10.5

Dafa 22 5.5 8.8

Gumbo 24 1.5 2.4

Kwaita 25 0.5 0.8

Piri 23 3.0 4.8

Rabaji 26 3.0 4.8

(4) villages at the edge of the controlled area
showed a greater drop in prevalence than those
near the centre.
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TABLE 5
NUMBER OF PERSONS EXAMINED IN EACH AGE-GROUP IN SOUTH-WEST ABUJA DURING 1957 AND 1966,

AND PREVALENCES FOR 1957, 1960 AND 1966a

______-f Males Females
Year Skin-snips ----

0-9 10-19 20491 30-39 40-49 >50 Total 0-9 10-19 20-29 30-39 40-49 >50 Total_

years years years Iyears iyears years years years years years years years

No. examined 49 45 54 42 29 57 276 30 20 62 62 35 57 266

1957 b Positive
No. 19 43 .53 42 29 57 243 10 11 47 39 22 45 174
% 38.78 95.56 98.15 100.0 100.0 100.0 88.04 33.33 55.00 75.81 62.90 62.86 78.95 65.41

1960 a, b Positive (%) 27.03 65.45 89.10 82.95 79.37 85.71 73.71 25.00 56.25 65.00 62.07 78.95 73.68 58.89

No. examined 133 39 90 143 126 46 577 98 13 94 150 76 40 471

1966 Positive
No. 39 31 81 126 106 39 422 17 7 58 82 51 26 241

I% 29.32 79.49 90.00 88.11 84.13 84.78 73.14 17.35 53.85 61.70 54.67 67.11 65.00 51.17-

a It should be noted that the prevalence figures for 1960 are not strictly comparable with those for 1957 and 1966 as the former
are based on the approximate number of microfilariae in the densest microscope field and the latter on the total microfilariae from
each skin-snip.

b Unpublished records, Ministry of Health files; quoted in Davies (1963), Fig. 4.

Post-control surveys, 1966

Selection of villages. Since the time available for
this survey was limited it was not possible to examine
the same 37 villages as had been selected for analysis
in 1960. Of these 37, 20 had been originally sur-
veyed by Crosskey's team and 17 by Henry's. From
these 2 groups, 21 villages were drawn at random to
represent the control area. The original 6 villages
in south-west Abuja were retained for comparison.
These villages are indicated on the map (Fig. 1) and
listed in Table 4, where their distance from the
nearest breeding-site is shown.

In the following analysis the prevalence of oncho-
cerciasis is compared by means of 10-year age-
groups, both in the comparison area outside the
effect of the control measures and in the control
area, where villages were grouped according to their
distance from the nearest S. damnosum breeding-
grounds.

In all, 6748 persons from both areas were exa-
mined. The technique used involved the examina-
tion of the snips by binocular microscope in the
same manner as used in the Crosskey survey of
1957. The skin-snips were placed in saline for
approximately 10 min before examination, and were
moved in the drop of saline before examination in
order to reveal any microfilariae that might be
hidden under the piece of skin.

Comparison area. The 6 villages in south-west
Abuja which lie outside the control area were origi-
nally surveyed by Crosskey in 1957. He found that the
prevalence of positive skin-snips among males was
particularly high, all those examined over the age of
29 being infected. Details of the numbers of persons
examined in each age-group during 1957 and 1966 are
given in Table 5, together with the prevalence ob-
tained by Henry's survey of 1960 for comparison."
The data show that among males there was an

over-all drop in prevalence from 88.04% in 1957
to 73.71 % in 1960. The prevalences in 1966 were
nearly the same as those of 1960. Examination of
the individual age-groups shows that this reduction
is spread over all ages and that there is a closer
agreement between the findings of the 1960 and
1966 surveys than between those of 1957 and 1966.
With females the general impression is one of a
steady reduction in prevalence over the years 1957-
1960-1966 in agreement with the over-all figures of
65.41 %-58.89%-51.71 %. This is true for the 0-9,
20-29, and > 50-year age-groups but the others
differ from this pattern by showing nearly equal or
higher prevalences during 1960.
These figures should be treated with caution since

the 1957 survey was based on rather small samples

1 Unpublished records, Ministry of Health files; quoted
in Davies (1963), Fig. 4.
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in each age-group, and although the results in this
analysis have not been tested statistically quite
large variations could be expected.
As a result of the 1960 survey it was concluded

that there had been a natural reduction in pre-

valence among males of the order of 16% of the
1957 figures (Davies, 1963). This situation does not
seem to have changed appreciably in the next 5 years.

On the other hand, the slight reduction among

females, which was not considered significant in
1960, had increased in all age-groups (except the
40-49-year group in which it would seem that there
was a sampling error in 1956) leading to a drop in
prevalence of the order of 11% over the 9 years.

It would seem, therefore, that there was a slight
decrease in the prevalence of onchocerciasis (of the
order of 15% in males and 14% in females) during
the 9-year period. Since this area is outside the
effect of the control measures this drop must be
due either to differences in samples, survey tech-
niques or a natural change in the habits and' mode
of life of the people. This must be borne in mind
when considering the prevalences within the con-

trolled area.

Surveys within the controlled area. Twenty-one
villages lying within the controlled area were chosen
for examination. Because infection rates vary

markedly from one village to the next it was necessary

to make a direct comparison between the pre-

valence determined by previous surveys in the same

villages, otherwise the results might be biased by
the choice of villages in each year. To get these
early figures it was necessary to return to the original
field-books and extract the data for each of the
chosen villages. Since this was a time-consuming
business it was done for the 1956-57 survey only
so that no direct comparison is available for 1960.
The villages were also grouped according to their

distance from the nearest S. damnosum breeding-
grounds, since Crosskey & Crosskey (1959) had
shown that the prevalence as well as the intensity
of infection decreased with distance from the nearest
breeding-area.
The first analysis is made on the basis of the

presence or absence of microfilariae in a single skin-
snip from each person. The second approach con-

cerns the numbers of microfilariae observed in
skin-snips from young persons between the ages of
3 and 20 years in the same distance-ranges.

Qualitative assessment within the controlled area.

The prevalence of onchocerciasis as determined by
the presence or absence of microfilariae from a

single skin-snip from persons within the controlled
area is set out in Table 6. In all' distance ranges and
age-groups there was a slight decrease in prevalence
among males-from 63.51 % to 59.41 % (6.46%
reduction)-and a greater drop among females
from 49.64% to 33.60% (32.31 % reduction).
Examining the data in more detail, there appeared

to be little change in prevalence among either sex
in the 0-9-year age-group in all distance-ranges.
The greatest consistent drop appears in the 10-19-
year age-group in both sexes and all distance-ranges.
In general the villages in the 0-2-mile (0-3-km)
range appear to have been the least affected while
those over 6 miles (10 km) from S. damnosum
breeding (although admittedly only 2 in number)
show the greatest changes. This is most apparent
in all persons under the age of 39.
However, there appears to be little sign of the

general 30% drop in prevalence among males
reported after the 1960 survey (Davies, 1963).
Conversely females appear to show a drop in pre-
valence similar to that of 40% reported in 1960
(Davies, 1963).
When these results are compared with those in

the comparison area, where males showed a 16%
and females an 11 % reduction in onchocerciasis, it
can only be concluded that the 1966 survey indicates
that there has been no effect on the prevalence of
this disease among males that has not also appeared
outside the area. Females appear to show an
average drop in prevalence of the order of 32%;
this does not appear in the 0-9-year age-group, but
among older persons. This again is not as great as
the 40% drop reported in 1960, probably due to the
disparity in the youngest and oldest age-groups, but
is closer than the male prevalence.
The most important fact that emerges is that

there was no appreciable change in prevalence in the
0-9-year age-group. After 10 years of reduced vector
density it would be expected that the most obvious
change would be among persons born since the
commencement of the control scheme, but it is
this group that shows the closest agreement with
the 1956-57 prevalence.

Quantitative assessment within the controlled area.
During their survey of 1957 Crosskey& Crosskey esti-
mated the total number of microfilariae emerging from
each skin-snip and classified the results into 4 groups:

+ = 1- 5 microfilariae in the skin-snip,
+ + = 6- 20 microfilariae in the skin-snip,

+++ = 21-100 microfilariae in the skin-snip,
+ + + + = over 100 microfilariae in the skin-snip.
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TABLE 6
NUMBERS OF PERSONS EXAMINED AND NUMBERS WITH POSITIVE SKIN-SNIPS, BY SEX AND IN AGE-GROUP

AT 3 DISTANCE-RANGES FROM S. DAMNOSUM BREEDING-SITE IN 1956-57 AND 1966

Distance Males IFemales
frmosmS Ya Sknsis 0-9 10-19 20-29 30-39 40-49 >, 50 0-9 10-19 20-29 30-39 40-49 >50

breeding-site years years years years years years years years years years years years

No. examined 42 137 109 98 93 65 81 69 125 '102 58 49
Positive1956-57
No. 31 120 102 90 89 63 11 31 83 73 43 40

0-2 miles %21.83 87.59 93.58 91.84 95.70 96.92 13.58 44.93 66.40 71.57 74.14 81.63
(0-3.2 km)

(6 villages) No. examined 165 77 131 214 160 99 150 42 143 199 103 47
Positive

.1966 No. '43 50 108 186 142 88 18 13 72 100 59 30
26.06 64.94 82.44 86.92 88.75 j_88.89 12.00 30.95 50.35 50.25 57.28_ 63.83

No. examined 463 344 260 205 173 119 396 235 411 350 149 104

15-7PositiveNo. 69 182 211 183 158 107 47 71 231 234 15 83
2- ies %14.90 52.91 81.15 89.27 91.35 89.92 11.87 30.21 56.20 ,66.86 77.18 179.81

(3.2-9.7 km) I __
(13 vilages) No. examined 611 253 266 369 346 153 476 160 _253 422 274____ 147

Positive
1966 No. 189 114 188 308 277 133 44 30 92 170 129 74

%14.57 45.06 70.68 83.47 80.06 89.0-3 9.24 18.75 36.36 40.48 47.08 50.34

No. examined 39 35 36 34 45 50 41 26 59 45 32 27

1956-57 Positive
No. 14 16 22 31 33 43 2 10 34 24 18 '21

6-10 miles 10.26 45.71 61.11 91.18 73.33 86.00 4.88 38.46 57.63 53.33 56.25 77.78
(9.7-16.1 kin)
(2 villages) No. examined 49 19 33 43 57 15 50 13 20 81 40 20

Positive
1966 No. 4 1 9 28 40 10 4 0 2 25 14111

% ~~~8.16 5.26 27.27 65.12 70.18 66.67 8.00 0.0 10.00 30.86 35.00 55.00

No. examined 644 516 405 337 311 234 518 330 595 497 239 '180
1557Positive

No. 104 318 335 304 280 213 60 112 348 331 176 144
Total for all %16.15 61.63 82.72 90.21 90.03 91.03 11.58 33.94 58.49 66.60 73.64 80.00

ranges -(21 villages) No. examined 825 349 430 626 563 267 676 215 416 702 417 214
Positive

1966 No. 136 165 305 522 459 231 66 43 166 295 202 '115
%16.48 47.28 70.93 83.39 81.53 86.52 9.76 20.00 39.90 42.02 48.44 53.74

No. examined 2 447 2259

1557Positive15-7 No. 1 554 1 171
Total for all 63.51 49.64

ranges
and age- No. examined 3 060 2 640
groups Positive

1966 No. 1 818 887
% ~~~~~~~59.41 33.60

No. examined 4 806
Positive

1956-57~No. 2 725

Total for a!l %56.70
ranges and
both sexes No. examined 5 700

Positive
1966 No. 2 705

% ~~~~~~~~~~~~~~~47.46
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They examined 3265 persons between the ages of
3 and 20 years from 82 villages distributed widely
over the Emirate. Many of these villages lay outside
the present controlled area but the data presented in
their analysis should apply to the general state of
onchocerciasis over the whole area. The results of
this survey have been published elsewhere (Crosskey
& Crosskey, 1959) in a paper in which the numbers
of persons observed with skin-snips containing
microfilariae and the distance of the village from
the nearest breeding-ground are compared.

It was considered that it would be interesting to
compare their survey with the present one to see
if there was any reduction in microfilarial density
between the two surveys.

Crosskey & Crosskey's original data were classified
into 2-year age-groups. For the purpose of the
present comparison the data have been regrouped
into 2 age-groups: to 3-10 years and 11-20 years.
This is because the 1966 survey involved only 2076
persons below the age of 20 and fewer villages,
resulting in smaller numbers of persons in each age-
group, particularly in the 6-10-mile (10-16-km)
range of villages.
The regrouped data for 1957 and 1966 are pre-

sented in Table 7, where the numbers of persons
examined in each age-group and the numbers with
positive skin-snips at the 4 densities are indicated
together with the percentage ofeach level of infection.
Examining the totals for all distance-ranges and

age-groups there appears to have been an appre-
ciable reduction in infection at all levels in both
sexes. Within the 0-2-mile (0-3-km) range males
in the 3-10-year age-group show a reduction at all
levels of microfilarial density. Between 11 and
20 years there is no change in the + and + + levels
but the number of infections at the + + + level
appears to have been reduced to one-third. There
were no skin snips at the + + + + level of infection
in 1966. Females in the same distance-range appear
to show about half the prevalence at the +, + + and
+ + + levels as in 1957.
In the 6-10-mile (10-16-km) range of villages the

low numbers of persons examined tend to make
comparison difficult in the absence of a statistical
analysis. However, no males or females in the
3-10-year age-group carried an infection higher than
the + level and only 1 out of 27 of both sexes in the
11-20-year age-group was infected in 1966.
The intermediate range of villages, 2-6 miles

(3-10 km) from breeding-grounds, contained larger
numbers of persons. Once again infections in males

at the + + + level appear to have been reduced to
one-third or less in both age-groups and there is a
consistent if smaller reduction at the + and + +
levels. On the other hand, young females in the
3-10-year age-group appear to show little change in
intensity of infection while those over 11 years of
age show a reduction in infection to between one-
half to one-third of the 1957 level at the +, + + and
+ + + levels.
The over-all picture presented by this quantitative

assessment is one of a general reduction in pre-
valence at all distance ranges, both age-groups and
at all infection levels. This must be qualified by
stressing that here there was no direct comparison
between the same group of villages so that it is
possible that a bias may be exerted by the selection
of villages in the two different years.
However, once again children born since the

commencement of this control scheme (3-10-year
age-group) have become infected with oncho-
cerciasis, although at a slightly reduced level and
proportionately fewer children, particularly males,
in this age-group appear to achieve the + + + and
+ + + + level of infection.

Identification of microfilariae. As a rough check
on the identity of the microfilariae obtained from
the skin-snips 31 slides were selected at random
during the course of the survey. These were stained
with Giemsa and examined under an oil-immersion
objective.

It was possible to identify the microfilariae on
22 of these slides, the remaining 9 being either badly
stained or having lost their microfilariae during the
staining process. Every one of the identifiable
microfilariae was identified as Onchocerca sp. by the
absence of a sheath and the presence of the 3 single
nuclei well separated from the tip of a long pointed
tail, and all were presumably 0. volvulus.

Discussion on onchocerciasis surveys
In the comparison area the surveys of 1957, 1960

and 1966 indicate a closer agreement in the older
age-groups, particularly among females, with the
later surveys (1960 and 1966) showing a greater
similarity in prevalence than the early 1957 survey.
Both the later surveys indicate a drop in prevalence
in the youngest age-group in both sexes.

In contrast, the 1966 qualitative survey in the
controlled area indicates no appreciable change in
prevalence among males and females in the 0-9-year
age-group. This is in the area where the vector has
been reduced and one would expect a reduction in
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TABLE 7
NUMBERS OF PERSONS AGED 20 YEARS AND UNDER EXAMINED IN 1957 AND 1966 AND NUMBERS INFECTED

WITH MICROFILARIAE AT FOUR LEVELS a, GROUPED ACCORDING TO SEX, AGE AND DISTANCE
FROM NEAREST S. DAMNOSUM BREEDING-SITE

1I Males Females
Distance from Age-S. damnosum Age-p ea Infected a

breeding- (roup) Year Exa- Exa- Infected a
site ( lelr|)mined + ++ +++ +++.+ mined + ++ +++ ++++

405 111 49 25 3 214 39 9
- 27.41 12.10 6.17 0.74 - 18.23 4.21

163

397

24
14.73

85
21.41

69 17
- 24.64

540 124
- 22.96

15 4 0
9.20 2.45 0.0

118 158 6
29.72 39.80 1.51

20
29.00

40
7.41

9 0
13.04 0.0

20 0
3.70 0.0

653 61 33 11 0
- 9.34 5.05 1.68 0.0

411 118
- 28.71

92
22.38

114
27.74

3
0.73

2
0.98

0

0.0

0

0.0

1
0.81

0

0.0

13
0.64

2
0.17

158

191

17
10.76

72
37.70

4
2.53

39
20.42

44 10 5
- 22.73 11.36

367

499

233

67
17.82

52
10.42

88
37.77

141 13
9.22

127

52

81

10

1 222

916

10
2.66

13
2.61

25
10.73

6
4.26

. 1._
6 2
4.72 1.57

2 0
3.85 0.0

17 8
21.00 9.88

0 0
0.0 0.0

289 93
23.65 7.61

94 28
10.40 3.10

No. 204 41 37 15
% _- 20.10 18.14 7.35

166 10
- 6.02

4
2.41

2
1.20

1966 No. 60 6 0 0

% - 10.00 0.0 0.0

124

17

2 043

1166

32
25.81

0

0.0

480
23.49

149
12.78

15
12.10

5.88

318
15.57

106
9.10

7
5.65

0
0.0

326
15.96

39
3.34

3 l0
1.40 0.0

1 0
0.63 0.0

27 0
14.14 0.0

0.0 0.

3 0
0.80 0.0

4 0
0.80 0.0

11 1
4.72 0.43

4
2.84

0
0.0

0
0.0

1
1.23

0
0.0

45
3.68

9
1.00

0
0.0

0
0.0

0
0.0

0
0.0

0
0.0

1
0.08

0
0.0

X + = 1- 5 microfilariae in the skin-snip.
+ + = 6- 20 microfilariae in the skin-snip.

+ + + = 21-100 microfilariae in the skin-snip.
+ + + + = over 100 microfilariae in the skin-snip.

No.

No.

No.

NO.

No.

No.

No.

1957

1966

1957

1966

1957

1966

1957

1966

1957

3-10

11-20

3-10

11-20

3-10

0-2 miles
(0-3.2 km)

2-6 miles
(3.24.7 km)

6-10 miles
(9.7-16.1 km)

No.

11-20

Total all
ranges
and

age-groups

1957

1966

1957

1966

No.

No.

No.

No.
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prevalence in this age-group. In the older age-
groups the male prevalence in 1966 was closer to
that found in 1956-57 whereas among females there
was generally good agreement between the later
surveys of 1960 and 1966.
The differences between the comparison area

surveys are reasonably consistent and may there-
fore be attributed to differences in survey technique,
such as the use of monocular or binocular micro-
scopes for examining the snips, or to genuine changes
in prevalence inherent in the population.
The results of the controlled area surveys are not

so easy to explain since there is inconsistency be-
tween the two sexes. This would appear to eliminate
the effect of difference in technique since one would
expect both sexes to be affected similarly. Does this
mean that the prevalence of onchocerciasis has
changed in a different manner in males than among
females ? Taking the data at their face value it
would appear that the disease was reduced, by the
control measures presumably, during the first
5 years of the scheme. However, during the second
5 years males of all age-groups (except those 10-19 at
the end of the period) reverted almost to their
original level of infection. In contrast, while the
prevalence among females was similarly reduced
during the first 5 years it does not appear to have
reverted during the latter 5 years of the scheme
except in the earliest age-group.

If the results of the quantitative survey are con-
sidered in this light they would appear to support
the above picture among females (except for the
0-9-year age-group) but suggest that there was no
such reversion among males.
The data are clear on one point. In both sexes the

prevalence of onchocerciasis among the 0-9-year age-
group in 1966 was similar to that found in 1956-57,
in contrast to an apparent reduction in the compa-
rison area. Hence infections were still being actively
contracted within the controlled area, although the
quantitative survey suggests that the level of intensity
of infection might be reduced, since fewer cases at
the + + + and + + + + levels were observed in 1966.

INFECTION OF ADULT S. DAMNOSUM
WITH ONCHOCERCA LARVAE

At the commencement of this control scheme,
S. damnosum which had been captured during the
course of the precontrol assessment of fly densities
in 1955 were dissected to determine the infection
and infectivity-rates of Onchocerca larvae in the
natural biting population.

The data so collected have been presented by
Crosskey (1957b), who dissected 861 flies over the
period June to October 1955. From the frequency
of infective forms (third-stage larvae) in the flies it
was inferred that the probability of contracting
the disease was greater in June and October, the be-
ginning and the end of the wet season, when fly-
densities were low, than during the peak fly months
of August and September. It was suggested that
the reason for this was that the proportion of old
flies (and therefore those more likely to be para-
sitized) at these times was greater than at times of
maximum breeding.

After 5 years of control a second assessment of the
infection rate, involving 350 flies caught during
July and August 1961, was compared with 427 flies
from a similar period in 1957 (Davies, 1965).
During the present study it was possible to dissect

a further 91 flies which had been caught between
July and August 1961 and preserved in alcohol.
Of these 91 flies, 9 contained developing larvae, 1 a
single infective larva in the head and another a
third-stage larva in the thorax.
During 1966 it was possible to dissect only 114

S. damnosum (7 in June, 17 in July, 90 in August)
because of the low numbers caught on the fly-
rounds. Five of these contained developing forms;
one other had 2 third-stage larvae, 1 in the thorax
and in the head. All the infected S. damnosum
except 2 with developing forms came from the
24 flies caught during June and July. The over-all
proportion of infective flies for these months in
1966 was 0.88%, comparable to the precontrol rate
of 0.7%.
The combined data are presented in Table 8 and

compared with the precontrol infection rate obtained
in 1955. In 1961 the fly-density during July and
August had been reduced to about one-tenth of
the precontrol level. However, the proportion of
infective flies was found to be about 5 times greater,
with the result that the proportion of infective bites
was only halved. In 1966, however, the infection
rate was much the same as in the precontrol year but
the fly-density had been very much reduced, lowering
the infective bite rate to about 1/30th of its previous
level.

It would seem that the infection rate varies widely
from year to year. 1961 was a year in which control
was not so efficient, probably owing to the omission
of the Tapa Falls treatment-point for reasons already
given. The over-all fly-densities for July and August
for that year were the second highest recorded
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TABLE 8
INFECTION OF S. DAMNOSUM WITH ONCHOCERCA AT ABUJA DURING 1955, 1961 AND 1966,
AND ESTIMATED NUMBER OF INFECTIVE BITES THAT MIGHT BE RECEIVED PER DAY

No. of S. damnosum S. damnosum Mean fly Estimated no. of Estimated no. of
Period S. damnosum infected n ctive density bites per day infective

dissected No. % No. (flies/man-hour) (flies/man bites per day

July-August 1955 a 427 24 5.62 3 0.7 12.6 126 0.88
(precontrol)

July-August 1961 441 46 10.43 13 2.95 1.37 13.7 0.46
(post-control)

June-August 1966 114 5 4.39 1 0.88 0.29 2.9 0.026
(post-control)

a Data obtained from Crosskey (1957b).

since control began, possibly owing to the failure
to eliminate breeding on the lower reaches of the
Tapa river until the end of June; hence a proportion
of these infective flies could have emerged from this
river after the commencement of larviciding. In
1966 it is notable that 3/24 flies caught in June and
July during the larviciding period were infected,
whereas only 2/90 were infected with developing
forms in August. Presumably the June-July flies
originated from the prelarviciding population while
the August flies belonged to the new post-larvi-
ciding generation.

IDENTIFICATION OF INFECTIVE 0. VOL VULUS LARVAE

During the foregoing dissections, 2 0. volvulus
larvae were recovered from the heads of 2 flies and

2 from the thoraces. These 4 larvae were mounted
in glycerol and examined. Unfortunately by the
time it was possible to examine and measure these
larvae microscopically the stain had faded and the
internal structure could not be distinguished. The
external measurements obtained are given in Table 9,
where they are compared with those given by
Nelson & Pester (1962).

If it is assumed that the 2 larvae from the head
are mature infective (third-stage) larvae (the absence
of discernible internal structure might indicate that
they were not mature), it would appear that the
larva from fly 22/1966 is not 0. volvulus on account
of its being too short and thick. The larva from
fly 400/1961, however, is probably a large 0. vol-
vulus since it compares reasonably well with Nelson

TABLE 9
MEASUREMENTS OF 4 LARVAE a FROM HEAD AND THORAX OF S. DAMNOSUM

CAUGHT IN ABUJA IN 1961 AND 1966 COMPARED WITH MEASUREMENTS
GIVEN BY NELSON & PESTER (1962)

Measurement GA)

Fly No. Site of larva Width
Length Nerve ring

Tail Head Max.

22/1966 Head 493 23.2 23.2 ?

22/1966 Thorax 493 11.6 11.6 17.4 ?

400/t961 Head 690 17.4 11.6 17.4 ?

405/1961 Thorax 516 17.4 11.6 17.4 69.6

Nelson & Pester Mean 566 13.3 9.1 18.7 80.5
(1962)

Min. 510 10 8.5 17 70

Max. 630 16 11.0 21 90

a Mounted in glycerol and measured with a micrometer eye-piece and low-power objective.
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& Pester's measurements. It should be noted that
these measurements were made with a low-power
objective so that their degree of accuracy is lower
than would be obtained by using a higher magnifi-
cation.
One very large nematode larva (believed to be

Mermis sp.) was found in the thorax of a single
S. damnosum (No. 377 caught during 1961).

CONCLUSIONS

The first and second objectives of the Simulium
Control Scheme at Abuja, Northern Nigeria, have
been accomplished. It has been shown that it is
possible substantially to reduce the S. damnosum
population throughout the wet season by the weekly
application of DDT to the breeding-rivers during
a 12-week period in the early wet season. This was
achieved over an area of 1200 square miles (3120 kM2)
with a radius of approximately 16 miles (26 km),
less than the probable flight range of S. damnosum.
This degree of control was maintained during the
last 5 years by locally trained field staff with only
occasional supervision by an entomologist.
The validity of fly-round estimates of fly-density

has been questioned, but there is no doubt that
S. damnosum is now scarce where it was once
plentiful, and immature forms are absent from the
rivers during larviciding, whereas they used to be
abundant at that time of year.
The effect of the control measures on the incidence

of onchocerciasis has been disappointing in that it
is clear that children born since the commencement
of the scheme are being infected at much the same
rate as before, although there is evidence that they
are not attaining as high a level of microfilarial
density as before.
The very encouraging drop in prevalence indicated

by the 5-year skin-snip survey has not been sub-
stantiated, except perhaps among women. In this
respect it should be pointed out that at the time it
was considered that the drop in prevalence was
greater than could be expected from the cessation of
transmission alone, but it is now suspected that
there may have been a bias due to survey technique.
The implications of these results are most serious

in view of the many onchocerciasis control schemes
in operation or projected for West Africa. It
appears that onchocerciasis at Abuja has continued
to be transmitted in spite of a low density of S. dam-
nosum. If the fly-densities shown in Fig. 2 are
accepted, they indicate that during the wet season

each year the fly population has been reduced to
a very low level. Since during the remainder of
the year S. damnosum is virtually absent, onchocer-
ciasis would seem to have been transmitted at mean
densities of the order of 0.2 to 0.8 fly/man-hour.
The other alternatives-that infections were

obtained during visits outside the controlled area,
by brief outbreaks of high fly-density during the
control period or during the occasional year of less
effective control (e.g., 1957, 1960 and 1962)-would
indicate that infection could take place during
comparatively brief periods of exposure to normal
densities of S. damnosum, a situation of equal
seriousness. For this reason it is important that an
attempt should be made to determine whether there
has been a reduction in onchocercal blindness,
since this is the ultimate aim of the control measures.

In order to obtain the maximum information from
this control scheme it would be desirable to find
answers to the following questions:

1. Has the apparent reduction in microfilarial den-
sity in the human population resulted in a lowering
of the incidence of onchocercal blindness?
2. How accurate an estimate of the S. damnosum
population have the fly-rounds given?
3. If the fly-round estimates have been reasonably
accurate, has the transmission of onchocerciasis
been maintained by

(a) flies originating from so far undetected
pockets of S. damnosum breeding which may have
escaped the effects of larviciding;
(b) immigrant flies originating from nearby
uncontrolled rivers;
(c) resident flies which emerged during the dry
season and which have survived the 12-week
larviciding period;
(d) the wet-season post-larviciding or the low
dry-season populations;
(e) other vectors?

The first question could probably be answered
by an ophthalmic survey to determine the incidence
of onchocercal lesions and blindness in a sample of
the population. It is believed that the original data
on which Budden's (1956) survey was based are
still available in the ophthalmic unit at Kaduna for
use as base-line data.

Determining the accuracy of the fly-round results
would probably require 2 years' work and could
be combined with an investigation into the origins
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of the biting S. damnosum and their significance in
the transmission of the disease. A second fly-
catching team could patrol not only the standard
fly-rounds but also a more extensive series of
catching-points using a system of whole-day catches
together with traps if these can be developed. The
results of these two surveys could then be compared
and, if they were in agreement, it could be assumed
that the original technique was reasonably accurate.
At the same time all S. damnosum caught should be
aged, and dissected for Onchocerca larvae. This
would give a picture of the age distribution and
infectivity of the small S. damnosum population
present in spite of larviciding. If this population is
predominantly young then it may be assumed that it
originated from uncontrolled breeding nearby, but
if predominantly old (and it would be useful to
know how old) it must be assumed that the flies
have either survived from before the larviciding
period each year or have entered the area from
outside. It would also be useful to determine whether
Le Berre's (1966) estimate of one month for the
normal life-span also applies in this area.

In order to obtain a fair comparison for the age

and infectivity data it would be necessary to discon-
tinue larviciding for the second year. Since it is
reasonably certain that by the end of each dry
season the S. damnosum population returns to
normal, the cessation of larviciding should result
in a return to the precontrol population levels as

found in 1955. This would also check the possibility
of 1955 being a year of abnormally high fly-density.
The same fly-rounds together with age and infec-
tivity dissections of flies should give a " normal "
pattern of age-distribution and infection. (In view
of the continued infection of persons since larviciding
commenced a discontinuance of 1 year would not
be disastrous from the human point of view.)
Crosskey (1957b) has shown that during the wet
season of 1955 infectivity was inversely proportional
to fly density, and it would be reassuring to have
this observation reconfirmed. An age-distribution
analysis of catches over this period should show
a large proportion of old flies at the end of the dry
season with young flies predominant during June-
August, 'the older populations returning during
September and October when the rivers fall and
the production of young, newly emerged flies
decreases.

It is believed that a clue to the cause of the con-

tinued transmission of onchocerciasis may lie in the
apparent increase in infectivity among flies dissected

in 1961. Using* the "infective bite " criterion, it
has been shown that the effect of the control mea-

sures may be greatly reduced in some years by the
greater proportion of flies carrying infective Oncho-
cerca larvae. This apparent increase in infectivity is
probably caused by the higher proportion of older
flies in the samples. The staining technique of
Nelson & Pester, however, does not permit the
flies to be aged. For this reason it would be advan-
tageous if the dissections referred to above were

carried out on freshly caught flies which could be
both aged (by examination of the ovaries) and
examined for Onchocerca larvae.

Examination of infective larvae obtained during
this survey suggests that other species of Onchocerca
than 0. volvulus are present in S. damnosum. It will
therefore' be necessary to identify as many infective
larvae as possible. Identification of a small sample
of microfilariae from the human population showed
no evidence of the presence of microfilariae other
than 0. volvulus.
The possibility of a second'vector, perhaps nor-

mally of minor importance, should not be over-

looked. Although S. damnosum is the only anthro-
pophilic simuliid of any importance in this area

(S. bovis, which Crosskey (1957a) reported as con-

taining filarial larvae, being relatively scarce and
confined to the junction of the Tapa and Gurara
Rivers), there are many other man-biting insects.
Tabanids and Haematopota are common as are

mosquitos and an unidentified ceratopogonid (not
Culicoides spp.).

POSTSCRIPT

Since the writing of this report, the following
fly-density figures for 1966 (all fly-rounds) have been
received, indicating 98.31 % control over-all:

Month S. damnosum
~caught Man-hours Flies/

man-hour

7 208.00 0.03

18 143.25 0.13

93 251.25 0.37

108 222.50 0.49

17 233.50 0.07

12 236.50 0.05

0 185.25 0.00

255 1 480.25 0.15
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RESUMt

Le present rapport d6crit brievement le programme de
lutte contre les simulies applique a Abuja (Nig6ria du
Nord) pendant la periode 1956-1966. En traitant les
cours d'eau au DDT sur une longueur de 160 km, on a
reduit chaque annee, sur un territoire de 3100 kM2,
la densite de Simulium damnosum d'environ 90% par
rapport a son niveau ant6rieur.
Une enquete par biopsies cutanees, entreprise en 1966,

et portant sur 6748 personnes (dont 5700 habitaient
dans la zone traitee et 1048 dans une zone temoin),
indique qu'il n'y a pas eu de r6duction manifeste de la
pr6valence de l'onchocercose, en particulier chez les
enfants nes depuis la mise en route du programme,
que l'on puisse attribuer uniquement aux mesures de
lutte, bien que celles-ci paraissent avoir amene une
attenuation de la gravite de l'infection.

Les dissections de S. damnosum sauvages, effectuees
en 1961 et en 1966, suggerent que la proportion des
mouches activement infectieuses peut etre par moments
d'environ le quintuple de ce qu'elle etait lors des dissec-
tions pratiqu6es avant la mise en train du programme.
Ce phenomene est peut-etre duO i ce que la proportion
des mouches agees est plus forte dans les populations

simuliennes posterieures au debut des op6rations anti-
larvaires. Il en resulte que, si la densite des simulies a
fortement baiss6 sous l'effet de ces mesures, le nombre
estimatif des piqures infectantes par jour a vari6 de 0,46
en 1961 a 0,026 en 1966, alors qu'il etait de 0,88 en 1955,
avant le traitement.
Le programme d'Abuja a donc r6ussi a demontrer

que le traitement des cours d'eau au DDT pendant les
douze premieres semaines de la saison des pluies permet
de reduire substantiellement la population de S. dam-
nosum dans un petit secteur d'une vaste zone d'endemie.
Neanmoins, il semble que l'onchocercose puisse se
transmettre meme lorsque la densite de S. damnosum
est tres faible.

I1 est recommand6 que le programme soit poursuivi
jusqu'a ce qu'il soit possible d'organiser une enquete
ophtalmologique en vue de d6terminer si les mesures de
lutte ont amen6 un changement quelconque dans l'inci-
dence de la cecit6 d'origine onchocerquienne, ainsi qu'une
enquete entomologique destinee qA etablir si la persis-
tance de la transmission est due a des populations de
simulies residuelles, locales ou immigrantes, ou si un
second vecteur est en cause.
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