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A Large-Scale Field Trial with Dichlorvos as a
Residual Fumigant Insecticide in Northern Nigeria*

C. V. FOLL,' C. P. PANT 2 & P. E. LIETAERT 3

An extendedfield trial with dichlorvos was carried out in the Kankiya District ofNorthern
Nigeria during 1963. Two types of dispenser were used-the dichlorvos-impregnated-
montan-wax type and the liquid-dichlorvos type. The objective of the trial was to see if
dichlorvos would interrupt the transmission of malaria under local conditions when used at
a dosage ofone dispenser per 15 m3 ofliving space. On the basis ofepidemiologicalfindings
-both parasitological and entomological-it was found that, owing to excessive ventilation
in the huts treated, an adequate concentration of dichlorvos was not maintained, and trans-
mission continued uninterrupted.

INTRODUCTION

Following the description of dichlorvos by
Mattson, Spillane & Pearce in 1955, preliminary
reports on its use as a residual insecticide against
adult mosquitos were made by Mathis et al. (1959)
and by Mathis & Maddock (1961). Studies carried
out in 1960 by Miles, Pearce & Woehst (1962)
resulted in the development of dichlorvos-vapour
dispensers, made of montan wax impregnated with
the insecticide, which were tested by Mathis, Miles
& Schoof (1961). Schoof, Pearce & Mathis (1963)
carried out further studies with dichlorvos-montan-
wax dispensers in huts of various types. Field studies
in Upper Volta with dichlorvos as a residual fumigant
have been described by Quarterman, Lotte & Schoof
(1963), Mathis et al. (1963), Funckes, Miller &
Hayes (1963) and Escudie & Sales (1963). Gratz,
Bracha & Carmichael (1963) have given an account
of a village-scale trial with dichlorvos in southern
Nigeria. Trials have also been carried out in ex-
perimental huts in Magugu, Tanzania (Hocking,
personal communication).
The dichlorvos field-research project in Northern

Nigeria (Fig. 1) was a combined project of the
Government of the Federation of Nigeria and the
World Health Organization, and its primary
objective was to study the effectiveness and value of

* From Field Trials of New Insecticides, World Health
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dichlorvos as a residual fumigant insecticide against
the local vectors of malaria and to assess its capacity
to interrupt malaria transmission. A secondary
objective was to compare the efficacy of two types
of dispenser-the so-called " solid " dispenser made
of montan wax impregnated with the insecticide
and the " liquid " dispenser consisting of a sealed
reservoir filled with dichlorvos, which could escape
to the atmosphere through a permeable plastic
barrier.

In the field trial, each type of dispenser was
used in a particular trial area, as shown in Fig. 1,
and the results of epidemiological studies carried
out in these areas were compared with those of
studies conducted in an untreated control area
north of Kankiya. Entomological or malariometric
data were not available for the region when the trial
started, although helpful information on conditions
in Northern Nigeria was obtained from unpublished
reports of the Western Sokoto project.
The field-trial team moved into Kankiya District

on 2 March 1963 and began a comprehensive
geographical survey of the region. In the first cycle
of insecticidal operations, between 14 May and
26 June 1963, dispensers were issued to households
in the trial areas at a rate of one dispenser per
21 m3 (750 ft3) of living space. A second cycle was
carried out between 4 August and 12 September
1963, at a rate of one dispenser per 15 m3 (500 ft).
A third cycle was carried out between 13 October
and 18 November 1963, again at a rate of one
dispenser per 15 rn3.
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FIG. I
KANKIYA DISTRICT, SHOWING AREAS OF THE FIELD TRIAL AND EPIDEMIOLOGICAL AREAS

~Fakuwa ~Bl

Kafin Soleo Tfahya' Dangamau~

..:::_::Tafasa Kuad

Epidemiological areas

I and 11 : so-lid di'spensers
IIl and IV: liquid dispensers
V control area
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In all, 62 villages in an area of approximately
466 km2 (180 mi2) containing some 15 300 huts or
houses with a total population of 25 200 (12 500
in the solid-dispenser area and 12 700 in the liquid-
dispenser area) were treated with dichlorvos dis-
pensers three times during that period.
The assessment of the field trial is based on the

examination of over 10000 blood slides and over
13 000 mosquitos, ofwhich about 8000 were dissected
for sporozoites and 600 for age determinations.

DESCRIPTION OF THE AREA

Kankiya District (12°30'N and 7°45'E) in the
Province of Katsina, Northern Nigeria, is a flat
semi-desert savannah region, large parts of which
are covered by bush and tall grass. Guinea corn,
millet, groundnuts and cotton are fairly extensively
cultivated. In the region there is only one river,
which dries up during the dry season. Permanent
water pools occur in Machinjim, Karaski, Bela and
Kankiya itself. During this season the population
suffers from acute water shortages. In the rainy
season, borrow-pits fill with water, and there are
potential mosquito-breeding places everywhere.
During 1963, the year in which the field-trial was

carried out, there were 72.46 cm (28.53 of) in rain,
33.52 cm (12.10 in) of which fell in August. The

METEOROLOGICAL DATA

harmattan, a strong sand-laden wind from the
Sahara, began to blow in October and resulted in a
fall of humidity and temperature, with which was
associated a fall in the density of mosquitos. The
mean maximum temperature was recorded in April
and the minimum in November (meteorological
details are given in Table 1).
The villages are very strung out and may extend

over a length of 8 km (5 miles). On a random-
sample basis, the average distance between house-
holds was found to be about 155 m (170 yd). House-
holds usually have a surrounding fence of millet or
guinea-corn stalks enclosing a number of individual
houses, granaries and animal and kitchen shelters.

There are two well-differentiated types of house in
the region. First, there are rectangular solidly built
mud houses, 28-42 m3 (1000-1500 ft3) in volume,
which constitute 3%-4% of the total houses in the
region, but which, in townships or large villages such
as Dangamau or Tafashiya, may form 14% of the
total. Secondly, there are conical mud-and-thatch
houses, 10-27 m3 (350-950 ft3) in volume. One finds
minor architectural modifications; some have one
door, others (usually entrance huts or zaures) have
two doors, others may have one door and a low
(chest-high) protecting wall just inside. Besides
these houses there are the conical huts of the Fulani,
15 m3 (550 ft3) in volume. These structures are made

TABLE I

(MONTHLY AVERAGE FIGURES) FOR KAFIN SOLI, KANKIYA DISTRICT,
NORTHERN NIGERIA, 1963

Mean wet-bulb Mean dry-bulb Mean maximum Mean minimum Relative humidity
Month temperature temperature temperature temperature at 10 a.m. Rainfall

(OC) (OC) (OC) (OC) (%) (cm)

January 14.1 25.8 32.0 10.3 20.5 0

February 17.9 30.8 36.9 15.8 22.9 0

March 16.1 29.2 34.5 18.2 18.0 0

April 23.4 32.5 38.8 21.9 43.8 0

May 26.6 31.8 37.7 23.9 66.6 2.66

June 23.7 28.6 34.8 22.4 66.0 11.07

July 23.3 26.7 31.1 24.2 85.1 16.48

August 23.1 24.8 29.3 20.0 79.5 30.73

September 24.5 27.2 31.3 20.4 79.1 7.59

October 23.5 29.3 33.2 19.4 60.3 3.91

November 15.8 25.8 30.3 6.6 28.0 0

December 14.9 27.0 32.4 10.2 18.6 0
1 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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of tree branches and leaves, with sometimes a little
thatch, and they constitute about 6 %-8% of the
total habitations in the region.

Ventilation varies from house to house and
according to type. Studies of air changes were made
by the WHO Insecticides Testing Unit, Lagos. It
was found that in June there were about 30 air
changes per hour during the night as compared
with a maximal morning value of 69 air changes per
hour for the same house. Two-door houses (14%
of all houses) proved to have such a degree of
ventilation that for practical purposes they had
to be regarded as untreated. Similarly, Fulani huts
appeared to be much more ventilated than other
conical huts. Kitchen shelters-structures con-
sisting of poles supporting a thatched roof and open
at the sides (except during the rains, when they
were sometimes built up)-were found to harbour
mosquitos, as did similarly constructed animal
shelters. There were 2646 kitchen shelters and 918
animal shelters in the treated areas. Cooking was
also done in a number of the ordinary houses, the
inner surfaces of whose roofs were thickly covered
with soot.
There are two main population groups-a stable

community engaged mainly in farming and a group
of nomadic Fulanis (about 6 %-8% of the total
population) who move into the area with their
cattle at the beginning of the rains and move off
again in late November, December or early January.
There is a considerable localized movement of
people within the area to the various markets, but
they return to their home villages at nightfall.
Population density is approximately 58 per km2
(150 per mi2).
The two trial areas and the control area were

found to be geographically, architecturally, meteoro-
logically and epidemiologically homogeneous. The
actual area treated was about 446 km2 (180 mi2).

METHODS USED IN THE FIELD TRIAL

Geographical survey
The geographical survey was extremely thorough

because it was considered absolutely essential that
no single house should be left untreated. Each
village was mapped, households were numbered
with white paint, counts were made of individual
houses within the confines of the surrounding
household fence, names of householders were
ascertained, and details were noted of all kitchen and
animal shelters and granaries and of the approximate

sizes of houses and the types of construction. A
census was made of the population, which was
divided into three age-groups-less than two years,
two to 14 years, and over 14 years. The survey was
carried out at the height of the hot dry season, when
vegetation was minimal. During the rains, the
growth of crops is such as to preclude efficient
mapping. Checking and correction of maps was
carried out between cycles. Details of the geo-
graphical survey are given in Table 2.

TABLE 2
RESULTS OF GEOGRAPHICAL SURVEY OF TRIAL

AND CONTROL AREAS

Solid- Liquid- Co
dispenser dispenser ntrol

area area ae

No. of villages 31 31 31

No. of households 1 477 1 540 1 400

No. of houses:

2 doors 1057 1056 778

1 door 6 203 5 867 4 568

Fulani 403 716 403

Total 7 663 7 639 5 749

No. of kitchen shelters 1 592 1 054 718

No. of animal shelters 522 396 1152

No. of granaries 6 254 6 040 5 789

Population:

under 2 years 1 135 1 113 930

2-14 years 4 767 4 911 3 976

over 15 years 6825 6904 5378

Total 12 727 12 928 10 284

Placing of dichlorvos dispensers
The team was provided with two types of dispenser

for testing:
(a) Solid dispensers.' These are solid strips of

resinous material (26 cm x 6.3 cm x 0.5 cm) im-
pregnated with dichlorvos. Each strip weighs about
100 g and contains not less than 20% by weight of
dichlorvos and related compounds. There is a

1Produced and supplied by the Shell Chemical Co.,
New York, USA.
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small hole at one end to enable it to be fixed to a
roof.

(b) Liquid dispensers.' These consist of a poly-
thene reservoir containing 16 ml fluid, a ceramic
plug and a polyvinyl chloride tube, which is perme-
able by dichlorvos vapour. The dispenser is primed
with special tongs by forcing the ceramic plug from
the reservoir/tube junction to the distal end of the
tube. For each dispenser this operation had to be
completed by digital pressure and manipulation. The
fluid in the reservoir consists of 14 g of dichlorvos,
4 g of an epoxy stabilizer and 2 g of dibutylphthalate.
A protective device, consisting of a perforated metal
container with a special locking device on the lid,
was provided for each liquid dispenser because of
the potential toxicity of its contents if accidentally
broken. Keys were provided for locking and un-
locking the protective devices.
An initial dosage of one dispenser per 21 m3

(750 ft3) of living space had been decided on, but
observations early in the first cycle suggested that
this concentration was inadequate, and the second
and third cycles were carried out at a dosage of one
dispenser per 15 m3 (500 ft). In fact, hut sizes were
such that the probable concentration was nearer
one dispenser per 11 m3 (400 ft3), since the majority
of the huts had a capacity of 18-24 m3 (650-850 ft).
Previous work by Gratz et al. (1963) in southern
Nigeria had given grounds to hope that the dispensers
would be effective for 12 weeks, but rising mosquito
densities and falling bio-assay mortalities during the
first cycle indicated that we could expect a life of
only 9-10 weeks in the conditions occurring in
Northern Nigeria. The start of the second cycle of
solid dispensers was delayed by lateness in delivery.
Operational details are given in Table 3.

Dispensers were attached by 30-cm (12-in) lengths
of wire to hut roofs, midway between the eaves and
central peak, at a height of about 2.6 m (8 ft).
The work was done in each village by four squads,
each comprising a headman and four labourers, and
the villagers readily co-operated in carrying dis-
pensers, ladders and other equipment. Full details
of all logistics involved in the priming and placing
of each type of dispenser were kept, and it was
found that, although both types were easily placed
in the field, the time spent priming liquid dispensers
increased by about 40% the total time taken to
place them in position, compared with the time
taken to place the solid dispensers.

1 Produced and supplied by CIBA Ltd., Basle, Switzer-
land.

TABLE 3
OPERATIONAL DETAILS

Solid-dispenser area Liquid-dispenser area

First cycle: 14.5.63 to 31.5.63 First cycle: 1.6.63 to 26.6.63

Ratio: one dispenser per Ratio: one dispenser per
21 m3 (750 ft3) 21 m3 (750 ft3)

No of dispensers: No. of dispensers:
solid, 10 329 solid, 3 456 a
liquid, none liquid, 9124

No. of man-days: 256 No. of man-days: 310 b

Second cycle: Second cycle:
24.8.63 to 12.9.63 4.8.63 to 26.8.63

Ratio: one dispenser per Ratio: one dispenser per
15 m3 (500 ft3) 15 m3 (500 ft3)

No. of dispensers: No. of dispensers:
solid, 13 936 solid, 636 c
liquid, none liquid, 14 410

No. of man-days: 252 No. of man-days: 364 d1

Third cycle: Third cycle:
30.10.63 to 18.11.63 13.10.63 to 4.11.63

Ratio: one dispenser per Ratio: one dispenser per
15 ms (500 ft3) 15 m3 (500 ft3)

No. of dispensers: No. of dispensers:
solid, 15 098 solid, 1 040c
liquid, none liquid, 13 797

No. of man-days: 240 No. of man-days: 328 e

a Includes 318 solid dispensers in temporary Fulani houses
and 3138 solid dispensers used to complete the liquid area when
a further supply of liquid devices was delayed.

b Made up of 80 man-days priming liquid dispensers,
192 placing liquid dispensers and 48 placing solid dispensers.

c Solid dispensers placed in temporary Fulani houses.
d Made up of 116 man-days priming liquid dispensers and

248 man-days placing them. The rains slowed up field work
during this cycle for both areas.

e Made up of 80 man-days priming liquid dispensers and
248 man-days placing them.

Toxicity
The solid dispenser offers practically no toxicity

risk. The liquid dispenser, on the other hand, is
potentially very toxic-particularly if the liquid
escapes from the tube and is in direct contact with
skin surfaces or if it is swallowed. All members of
the field squads placing dispensers or priming liquid
dispensers wore thick rubber gloves. No liquid
dispensers were placed in temporary Fulani huts
because it was thought that these less sophisticated
nomadic peoples might not be sufficiently impressed
by the danger.
As a further precaution against accidents with

liquid dispensers, a campaign of public education
was undertaken, and the headman in charge of
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each squad in the field warned individual house-
holders not to touch the dispensers. As far as we
are aware, there was no case of our warnings not
being heeded, and no ill-effects were reported.

MALARIOMETRIC SURVEYS AND SPECLAL

PARASITOLOGICAL INVESTIGATIONS

Two malariometric surveys were carried out-a
pre-operational survey of the whole district during
the dry season and one immediately after the rains.
Blood slides were taken from all infants born in the
trial areas and the control area after the first cycle
of operations, and these infants were subsequently
followed up by means of monthly blood slides.

Dry-weather malariometric survey

In the dry-weather survey, some 5187 blood slides
were examined, and the following crude parasite
rates were obtained: infants 33.8%, children aged
2-4 years 67.4%, children aged 5-10 years 38.7%,
and adults 7.8 %. This survey was carried out in
two parts: first, a general blood-slide and spleen
examination of children and a blood examination of
adults in 13 different places throughout the Kanikya
district during March; and, secondly, a blood
examination of children aged less than two years in
villages in the trial and control areas immediately
before placing the dispensers in May and June
(excluding children examined in March).

A marked village-to-village variation was noted
in the crude parasite rate amongst children, but,
when the two trial areas and the control area were
considered from an epidemiological point of view,
the three areas were homogeneous at this time
(Table 4).
The parasite formula was: Plasmodium falciparum

87.4 %; P. malariae 12.5%; P. ovale 0.1 %. Mixed
infections (P. falciparum + P. malariae) constituted
12.6%. It was also found that 19% of the positive
slides contained gametocytes of P. falciparum. The
spleen rate obtained during the March survey for
2442 children aged 2-10 years (examined lying down)
was 53.3%. Average enlarged spleens were calcu-
lated for each of the age-groups, and the results are

given in Table 5.

Post-rains malariometric survey

During December a further blood-slide survey was
carried out in the trial and control areas. In all,
some 2417 slides were examined, and when the
results were arranged in area distribution the
homogeneity was again clearly demonstrated
(Table 4).
No infants were included in this series because

they are adequately dealt with separately. Crude
parasite rates were: for children aged 2-4 years,
88.6%; for children aged 5-10 years, 75.4%; and
for adults, 26.2%. From 1615 slides taken from
children in the age-group 1-15 years, a crude parasite

TABLE 4
CRUDE PARASITE RATES OBTAINED IN DRY-WEATHER AND POST-RAINS MALARIOMETRIC SURVEYS

IN THE KANKIYA DISTRICT IN 1963

Proportion of subjects with positive blood slides (%) a

Dry-weather survey Post-rains survey
Age-group- ______-______ ___________________

Solid- Liquid- CotrIl Solid- Liquid- C
dispenser dispenser Cnarea dispenser dispenser Corntaolaearaarea area area area

Under 3 weeks 0 (3) 0 (8) 0 (3)

3 weeks to 2 months 15.8 (19) 0 (23) 9.1 (11)

3 months to 5 months 14.3 (42) 17.8 (56) 17.9 (39) Infants: special study

6 months to 11 months 47.4 (116) 46.9 (128) 50.0 (66)
12 months to 23 months 71.0 (224) 76.9 (297) 73.8 (145) 68.8 (32) 76.1 (71) 71.1 (38)
2 years to 4 years 76.9 (296) 80.0 (409) 67.8 (283) 91.2 (249) 90.9 (209) 84.4 (269)
5 years to 10 years 51.7 (180) 50.0 (314) 40.7 (145) 75.6 (213) 74.2 (221) 76.4 (246)

a The figures in parentheses represent the total number of persons examined in each case.
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TABLE 5
SPLEEN RATES AND AVERAGE ENLARGED SPLEENS OF CHILDREN IN THE KANKIYA DISTRICT IN 1963

rate of 79.8 % was obtained. The parasite formula
was: P. falciparum 90.6%; P. malariae 9.4%. Mixed
infections (P. falciparum + P. malariae) were seen

in 10.2%. Gametocytes of P. falciparum were seen

in 5.9% of the slides.
During the post-rains survey, 1407 children in the

age-group 2-10 years were examined. A crude
parasite rate of 45.8% was found, which may be
compared with the dry-weather-survey figure of
53.3%. Comparison of the average enlarged spleens
for children in the age-groups 2-4 and 5-10 years
are given in Table 5. The children were examined
lying down for precise palpation of the spleen.

Infant and follow-up infant surveys

For the purposes of this survey the following
definitions were used:

(a) A newborn infant was one whose blood was

being taken for the first time by the blood collectors
for inclusion in the series and who was born during
or after the first cycle of operations. A few infants
were included who were born about a month before
the placing of the dispensers but who were subse-
quently found to have negative blood slides.

(b) A follow-up infant was one who had been
examined already as a newborn infant and who was

then examined at monthly intervals until such time
as its blood slide was found to be positive (i.e. until
malaria parasites were found). When this happened,
the child was treated with a single dose ofchloroquine
in accordance with its age and was examined no

more as far as this series was concerned.
By the end of December, a total of 2242 blood

slides had been taken from 1063 newborn infants and
from 1179 follow-up infants.
Each newborn infant was entered in a card-index,

a record being made of its name, sex, age, father's
name, village, village unit, house number and date
of examination. Blood-slide results were entered
monthly, together with any treatment given.
For epidemiological assessment, four epidemio-

logical areas were demarcated within the region of
the field trial, and the control area was regarded as a

fifth, as shown in the diagram in Fig. 1. Areas I and
II were treated with solid dispensers and areas III
and IV were trated with liquid dispensers.

It was anticipated that areas II and III would give
optimal results since they were protected from out-
side interference by areas I and IV.
The distribution of newborn infants according to

epidemiological area, and the percentage of positive
infants month by month, are shown in Table 6.

TABLE 6
PERCENTAGE OF POSITIVE BLOOD SLIDES FROM NEWBORN INFANTS

IN THE EPIDEMIOLOGICAL AREAS, AUGUST TO DECEMBER 1963 a

Month Area I Area II Area III Area IV Area V

August 0 (21) 7.6 (13) 5 (20) 12 (25)

September 25.7 (35) 30.7 (26) 32.2 (31) 19.0 (21) 24.4 (41)

October 39.6 (53) 32.3 (31) 27.6 (58) 35.0 (80) 29.8 (87)

November 14.9 (67) 20.0 (10) 12.0 (25) 17.7 (45) 25.8 (31)

December 9.1 (22) 11.8 (17) 41.7 (24)b 15.6 (32) 17.5 (40)

a Figures in parentheses represent number examined.
b Eight positive newborn infants who were not seen before were examined in Tufani during the

survey.
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TABLE 7
PERCENTAGE OF POSITIVE SLIDES OBTAINED IN FOLLOW-UP STUDIES

IN THE EPIDEMIOLOGICAL AREAS, AUGUST TO DECEMBER 1963 a

Month [ Area I Area II Area III Area IV Area V

August 10 (10) 23 (13) 0 (1) 10 (30) -

September 72.5 (16) 41.4 (41) 8.4 (24) 36.2 (69) -

October 32.1 (39) 23.1 (39) 25.5 (49) 19.0 (63) 41.6 (24)

November 21.2 (66) 21.4 (41) 15.0 (60) 17.2 (87) 21.5 (65)

December 14.0 (93) 13.3 (45) 11.8 (68) 12.5 (112) 23.2 (69)

a Figures in parentheses represent number examined.

The finding of positive infants is of limited value
epidemiologically unless they are young when first
examined. At the start of this work some of the
" newborn " were over three months of age, but
as we progressed, and efficiency improved, the
newborn infants were registered earlier, and many

were first examined when less than a month old;
thus the accuracy of their age determination in-
creased. Samples of ages were checked against the
village-unit scribe's birth books. The finding of a

positive blood slide on the first examination of a

six-week-old infant is just as valuable from an

epidemiological point of view as a positive follow-up,
because the likely time of infection may be accurately
pin-pointed.
The results of the follow-up blood examinations

are given in Table 7. As stated above, it had been
hoped that results from epidemiological areas II and
III would be better than those from areas I and IV,
and certainly than those from area V. This hope was

not fulfilled, and there is little difference between
the four epidemiological areas or, in fact, between
any epidemiological area and the control area.

Approximately 20 %-25 % of all follow-up blood
slides were positive in October and November.
The reduction in December was almost certainly due
to reduced transmission caused by the reduced
mosquito densities of November.

It was thought that the results of the follow-up
examinations would be influenced by the age of
the children being examined; that is to say, if a large
proportion of the children in any one area were under
the age of three months a false " good impression "
of that area might be obtained, because children up
to the age of three months have some degree of
transmitted passive immunity (Bruce-Chwatt, 1963).
With these facts in mind, it was decided to compare

the results of the examinations of follow-up infants
aged three months or more (i.e., to exclude all
infants under three months). The comparison of
the two trial areas and the control area is shown in
Table 8. Although the numbers involved are not
very large, there is a suggestion that the percentage
of positive follow-up infants in the control area is
greater than that in the trial areas. This would
indicate that the dichlorvos dispensers reduce to a
slight extent the amount of malaria transmission,
and, in fact, hut mosquito densities in the trial areas
were lower than those in the control area.

If an infant had had a negative blood slide a
month prior to that at which it was found to be
positive, it was probable that the infection had taken
place either in the two weeks immediately following
the last negative examination or at any rate not
earlier than two weeks before it. Thus if infants were
examined every month it should be possible to
estimate to within a month the probable time of
infection. The records of the positive cases found in
October, November and December were examined,

TABLE 8
PERCENTAGE OF POSITIVE SLIDES OBTAINED
IN FOLLOW-UP STUDIES ON INFANTS AGED

THREE MONTHS OR MORE a

Area October INovember IDecember

Solid-dispenser area 34.9 (43) 30.0 (67) 20.7 (87)

Liquid-dispenser area 29.7 (74) 21.7 (92) 16.0 (131)

Control area -b 40.9 (22) 28.6 (42)

a Figures in parentheses represent number examined.
b Numbers very small.
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TABLE 9
ESTIMATED TIME OF INFECTION OF INFANTS YIELDING POSITIVE BLOOD SLIDES DURING

THE EXAMINATION PERIOD AUGUST-DECEMBER 1963 a

Area I Area II Area IlIl Area IV

Possibly infected before 1st cycle 1 0 0 6

Possibly infected during 1st cycle 52 29 (4) 32 (3) 61 (6)

Possibly infected during 2nd cycle 57 (16) 54 (11) 62 (19) 108 (22)

Possibly infected during 3rd cycle 15 8 22 (2) 35 (4)

a The figures in parentheses represent the number of these possibilities that were in fact pro-
babilities. The figures in the table represent the distribution of possibilities, not the actual number
of cases. In any one case the infection may have occurred in either of two cycles, and both possi-
bilities are recorded. The actual number of cases were: area 1, 82; area 11, 67; area III, 69; area IV, 115.

and a note made of the month of the previous
negative examination. In October 73.8% of the
positive cases had been negative in September, and
in November 83.0% of the positive cases had been
negative in October. This demonstrated that trans-
mission was taking place at a high rate in September
and October. It may be noted that sporozoite rates
for Anopheles gambiae in the control area in Septem-
ber and October were 3.71 % and 3.53 % respectively.
An analysis of these results must be largely con-

jectural because in the majority of the cases it is
quite impossible to say exactly when infection
occurred. Many infants, by the time their blood
slides were found to be positive, could have been
infected during more than one cycle of insecticide
application. The positive cases were divided into
two groups-" probably infected" in a certain
period and " possibly infected " in the same period.
The results are summarized in Table 9. In

considering this table it should be borne in mind
that in areas I and II (solid dispensers) the second
cycle had to be postponed for a while owing to the
late delivery of dispensers.
The method of analysis is not entirely satisfactory,

but it does give a clear indication that transmission
continued regardless of dispensers.

ENTOMOLOGICAL TECHNIQUES AND RESULTS

The main objective of the entomological work
was to study the effect of widespread dichlorvos
application on the vector population. The following
criteria were used to evaluate the action of the
insecticide:

(a) the effect on the resting and biting densities
of the vector species;

(b) the effect on the sporozoite rates in the two
trial areas as compared to the control area;

(c) the effect on the behaviour of anopheline
species and their movements; and

(d) the effect on the age composition of the vector
species.

In addition to the investigations involved in the
above work, bio-assays were conducted to check
the dissipation rate of the dichlorvos dispensers,
and tests were carried out to investigate the level
of susceptibility of A. gambiae to dichlorvos.

Techniques

The mosquito densities in the huts were obtained
by the pyrethrum space-spray technique, for which
the huts were ideally suited by virtue of their type
of construction. A 25% pyrethrum extract diluted
to 0.1 % to 0.2 %0 was used. Observations were made
twice a week in 12-16 huts in the treated area and
once a week in 6-8 huts in the control area. In each
treated area, a village with almost perennial breeding
grounds was selected as a constant site for the hut-
density measurements, and measurements were also
made in one other village, the choice of which was
changed every week. The observation villages were
located in epidemiological areas II and III (Fig. 1).
In view of the weekly or twice-weekly frequency of
observations, individual huts to be sprayed were not
predetermined, and emphasis was placed on spraying
as wide and representative a selection of huts as
possible. Anophelines collected were identified and
classified according to their stage of blood digestion
and ovarian development. Salivary-gland dissec-
tions were carried out, and the glands were examined
for the presence of sporozoites.
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TABLE 10
MOSQUITO SPECIES COLLECTED IN TRIAL AND CONTROL AREAS,

APRIL-DECEMBER 1963a

Species | Solid-dispenser Liquid-dispenser Control area TotalSpecies area area Cnrlae oa

A. gambiae 1 098 (340) 1 427 (964) 5 019 (719) 7 544 (2 023)

A. funestus 501 (187) 305 (130) 1 469 (571) 2 275 (888)

A. ruflpes 19 (8) 106 (100) 45 (10) 170 (118)

A. wellcomei 0 (0) 0 (0) 1 (0) 1 (0)

A. nili 1 (0) 1 (0) 1 (0) 3 (0)

A. pharoensis 7 (0) 0 (0) 1 (0) 8 (0)

A. flavicosta 1 (0) 0 (0) 1 (0) 2 (0)

A. leesoni (?) 0 (0) 1 (0) 0 (0) 1 (0)

Unidentified 6 (4) 5 (1) 23 (6) 34 (11)

Culex spp. 113 (11) 83 (104) 273 (44) 469 (159)

Total ] 1746(550) ] 1928(1299) 6833(1 350) 10507 (3 199)

a Figures refer to female specimens. Figures in parentheses show the male specimens col-
lected in addition.

Various adaptations of the pyrethrum-spray
technique were used to collect anophelines from
structures such as Fulani huts, kitchen and animal
shelters, granaries and eaves. Window traps with
fixed entry funnels were used, but the majority of
the huts had no suitable openings in which traps
could be fixed, and it was feared that alterations to
the normal ventilation of the huts might occur if
special openings were constructed, leading to a
reduction in the concentration of the fumigant
insecticide. Dissections for physiological age were
carried out using the technique of Polovodova
(1947, 1949) described by Detinova (1962).

Biting rates were obtained on the basis of all-
night human-bait catches. For bio-assays of
dichlorvos, laboratory-bred A. gambiae (two or
more days old and freshly fed) were used. The
exposure period was 12 hours and the recovery
period 24 hours. Mosquitos, 15-20 at a time, were
exposed in a mosquito-netting cage suspended
from the roof at a height of about 4 ft, that is to say,
roughly equidistant from the floor and the dispenser.
Two such cages were used per hut, and at least three
to five huts were used per observation.
The resistance of mosquitos to dichlorvos was

tested by the tentative procedure described by the
WHO Expert Committee on Insecticides (1963).

This technique depends on exposing mosquitos to
an atmosphere concentrated with dichlorvos va-
pours and noting the rate of knockdown and the
time taken for a 100% kill.

Observations on the vector species

Of the eight species identified from the area
(Table 10), Anopheles gambiae and Anopheles
funestus were incriminated as vectors on the results
of sporozoite findings. Table 11 gives the results of
gland dissections from all areas. Fig. 2 shows the
period of dominance of the two species, and it will
be seen that the trend in all three areas is similar,
which further supports the assumption that the
three areas selected were homogeneous. The trend
of sporozoite rates in the control area may be seen
in Fig. 3. In April and May a total of 1613 A. gam-
biae and 95 A. funestus were dissected, and no posi-
tive results were recorded. The first positive A.
gambiae in the control area was recorded in the
second week of June, after the rains had started
and humidity was rising. Infected A. gambiae con-
tinued to be collected until November, and sporo-
roite rates ofup to 3.7% were recorded in September.
A. funestus, on the other hand, appeared late,
towards the end of the rains, and was found positive
for sporozoites until December. Thus A. gambiae
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TABLE 11
SPOROZOITE RATES IN THE TREATED AND CONTROL AREAS

Treated areas Control area (comparable period)

A. gambiae A. funestus A. gambiae A. funestus

of area Cycle Sporozoite rate Sporozoite rate Sporozoite rate Sporozoite rate
No. (with 95 % No. (with 95 % No. (with 95 % No. (with 95 %

dissected confidence dissected confidence dissected confidence dissected confidence
limits) limits) limits) limits)

First 832 0.72 %0 22 0 1637 1.34 % 71 1.41 %
(0.26-1.57) (0.78-1.9) (small sample)

Solid- Second 239 1.67 %0 431 0.93 %0 592 4.05 % 626 0.16 %
dispenser (0.03-3.31) (0.25-2.38) (2.45-5.65) (0.004-0.89)
area

Third 3 1 positive 20 0 58 1.72 207 1.93%
(small sample) (0-5.12) (0.03-3.83)

First 634 0.47 % 9 0 1139 1.58 % 38 0
(0.09-1.38) (0.86-2.30)

Liquid-
dispenser Second 591 0.68 % 165 0 700 3.71 % 502 0
area (0.18-1.73) (2.29-5.13)

Third 41 2.43 S% 78 1.28 % 120 2.50%/ 382 1.05 %
(small sample) (small sample) (0-5.33) (0.01-2.09)

FIG. 2
MONTHLY PROPORTION OF A. GAMBIAE AND A. FUNESTUS

AMONG THE TOTAL ANOPHELINES COLLECTED

was the main vector species during the major part
of the transmission season, and A. funestus continued
the transmission during the beginning of the dry
weather. From January to May, there are few vil-
lages with breeding places owing to the extremely dry
weather conditions, and transmission of malaria
is minimal and localized. The dry weather may also
influence the longevity of the vector species. A.
gambiae, the main vector species, was found to be a
late biter, 79.1 % biting after midnight. Outdoor
biting also occurred when baits were available out
of doors.

It is believed that during the dry weather resting
is primarily indoors. This belief is based on the
classification of abdominal stages of the morning
catch of A. gambiae. The proportion of fed to
gravid females was approximately 50:50 (1197
A. gambiae examined). During the rainy months
there was some exodus, and the ratio was nearer
65:35 (2239 A. gambiae examined). The monthly
proportions of gravid females from April to No-
vember are given in Table 12, from which it may
be noted that the percentage of gravids started
falling in June, when the humidity was rising. The
rainy months provide vegetation and high humidity.

In the trial areas, besides the normal conical
huts, many other structures were found, amongst
them open entrance huts (zaures) with two doorways
opposite each other, Fulani huts, kitchen and animal

7
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FIG. 3
SPOROZOITE INFECTION RATES IN THE CONTROL AREA
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shelters, and granaries. The construction of these
huts was such that it was impossible to maintain
a suitable concentration of a;fumigant insecticide.
Anophelines from these structures, especially en-
trance huts, Fulani huts and kitchen shelters, were
collected in large numbers. Eaves were also found
to harbour small numbers of anophelines.

TABLE 12
PROPORTION OF GRAVID FEMALES OF A. GAMBIAE

IN SAMPLES OF SPECIMENS COLLECTED BY PYRETHRUM
SPRAY, 7 TO 9 A.M.

Month Proportion gravid

April 43

May 52

June 35

July 43

August 31

September 30

October 47

November 49

The densities of mosquitos in the huts in the
treated and control areas are set out in Table 13 and
Fig. 4. There were variations from village to village,
and so the aggregate figures for each area and their
trends were considered to be more important than
the absolute values.
From a study of the table and graphs, the follow-

ing conclusions may be drawn:
(a) There was a considerable reduction in resting

densities with both types of dispenser, but the den-
sities never fell to zero.

(b) With the solid dispensers the densities dropped
immediately after dispenser application and then
rose slowly during the next few weeks to reach
comparatively high values after six to eight weeks.
Thus the maximal efficiency of the dispensers lasted
for only a very short period (one to two weeks).

(c) The liquid dispensers did not show the same
characteristics. The immediate marked reduction
in the resting densities not being obtained, but
lower densities were maintained at a more uniform
rate. This showed that the dispensers did not start
off with maximal efficiency, even taking into account
the fact that a week elapses between the priming
of the dispenser and the production of the fumigant.
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TABLE 13
COMBINED DENSITIES OF A. GAMBIAE AND A. FUNESTUS IN HUTS IN TREATED AND CONTROL AREAS

First cycle Second cycle Third cycle

Dispenser Daftys Average Average Rat Average Average Rti Average Average Rattype treatment density density of density density of density density of
treated control densities treated control densities treated control densities

area area area area _____________________ area area _____________________

0-30 0.5 24.6 1/49 1.4 19.6 1/14 0.09 a 3.0 a 1/33

Solid 31-60 2.1 24.9 1/11 2.9 b 15.9 b 115 - - -

61-99 4.7 8.8 112 - - - - - -

0-30 | 3.6 23.1 1/6 2.6 15.9 1/6 0.9 7.8 1/9
L

31-60 ] 2.7 12.7 1 1/5 1.9 21.8 ] 1/11 0.09c 3.7 [ 1/40

a 0-38 days. b 31-71 days. C31-66 days.

(d) On the basis of the above hut densities, the
conditions for interruption of malaria transmission
were never obtained.

Details of the salivary-gland infection rates are

given in Table 11. It may be seen that there is no
statistical difference in sporozoite rate between
treated and control areas.

Investigations into biting lates showed that
dichlorvos dispensers do not exert such a repellent
effect as to deter mosquitos from entering treated
huts and biting therein. In experimental huts with
solid-dichlorvos dispensers, a total of 253 A. gambiae
and 33 A. funestus were collected on human bait;
in experimental huts without dispensers, 325
A. gambiae and 71 A. funestus were collected.
Similar figures for huts with and without liquid
dispensers were 15 A. gambiae, 13 A. funestus and
25 A. gambiae, 24 A. funestus, respectively.

Determinations of longevity, using the age-
grouping technique of Polovodova (1947, 1949),
were complicated by difficulties in counting the
exact number of dilatations because of their coa-
lescence and diffused appearance. Details of the
dissections are given in Table 14. The 95% con-

fidence limits of proportions of parous mosquitos
with ovaries of stage III (Christophers, 1911) in the
control and treated areas showed no difference.

Details of bio-assays are given in Tables 15 and 16.
Owing to the varying conditions, such as the size
of the huts, the number of dispensers and the
ventilation, wide variations in the results were

obtained. The role of ventilation is clearly indicated.
Smaller huts are subject to more ventilation than
larger ones under the same weather conditions, and
it would therefore appear that they require a rela-

tively higher dispenser concentration to maintain
the same level of insecticide concentration as in a
larger hut. The best performance of dispensers was
in medium-sized huts 22-24 m3 in volume (800-850 ft)
with one door and two dispensers. Next were small
huts of 11-14 m3 volume (400-500 ft3) with one door
and one dispenser. Dispensers in huts with two
doors were ineffective after one week.

Susceptibility tests showed that the knockdown
of mosquitos was not gradual but occurred quite
sharply after a certain period of exposure, and 90%
of the knockdown occurred during the last ten
minutes of exposure. Fig. 5 illustrates the results.
The cumulative mortality against time showed a
linear relation on log-probit paper. The LT1o0
value for A. gambiae from the treated and control
areas was 25 minutes and the LT5O value was 13
minutes.

DISCUSSION

The reasons for the failure of dichlorvos to
interrupt transmission in this field trial are discussed
under a number of headings.

Inadequate concentration of the fumigant insecticide
The initial dosage of one dispenser per 21 m3

(750 ft3) was based on the work done in preliminary
trials in tin-roofed huts in Lagos by Gratz, Bracha
& Carmichael (1963). The houses in southern
Nigeria are larger than those in the Kankiya district
and of different construction and are therefore less
affected by ventilation. In addition, the temperatures
in the north are higher and the humidity is lower.
It became obvious early during the course of the

543



C. V. FOLL, C. P. PANT & P. E. LIETAERT

FIG. 4
DENSITY OF A. GAMBIAE AND A. FUNESTUS (FEMALES ONLY) IN HUTS

IN THE FIELD-TRIAL AREAS
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TABLE 14
AGE-GROUPING OF A. GAMBIAEa

Area ~~~~~~~NumberINumbi- Dilatations
______ Percentag1 95%

Area l Period of study dissectedI nuall- | confidenceNarumber 2 3iattin Percentag conidence

Control | April-May 107 30 45 23 7 2 0 0 0 72 63-81
area June-September 127 28 46 25 19 6 1 0 2 78 71-85

0-30 days 18 6 10 2 0 0 0 0 0 67 Small sample
1st cycle 31-60 days 82 22 39 17 2 0 1 0 1 73 64-83

Solid-j
dispenser 61-90 days 32 10 10 7 4 1 0 0 0 69 53-85
area

l 0-3 days 37 10 14 6 4 1 0 0 2 74 60-88
2

31-64 days 17 7 2 1 1 1 0 5 0 58 Small sample

f0-32 days 46 18 17 6 1 1 0 0 3 61 46-75

Liquid- 1st cycle 33-69 days 38 18 7 5 3 2 0 0 3 53 36-68
dispenser
area J 0-32 days 58 22 21 10 3 0 0 0 2 62 50-75

In cycle 33-4 days 38 13 12 7 3 0 0 0 3 66 50-81

a Ovaries of Stage IlIl (Christophers, 1911) only used.

first cycle that a rate of one dispenser per 21 mn was
inadequate, and the team proposed a rate of one
dispenser per 15 m3 (500 ft3) 1. This decision was
based on several factors: supplies were sufficient
for three further cycles to be carried out without
the need to order extra dispensers, provided that
no dispensers were placed during the time of the
harmattan; the field staff could cope with the
calculations involved, since the majority of the huts
were between 18 and 24 m3 in size (650 and 850 ftP),
and in this respect a ratio of one dispenser per
10 m3 (350 ft3) would have been a severe complica-
tion; and dispenser placing at this rate was within
the capabilities of the labour force and available
transport. Clearly, the more dispensers placed in a
hut, the higher will be the concentration of dichlor-
vos, but there arrives a moment when logistic
and/or economic considerations outweigh the
possible advantages of increasing the number of
dispensers. There is also the undisputed fact that
two-door and Fulani huts, which comprise between

1 In an experiment with a higher dosage of dichlorvos
(one dispenser per 150 ft3) conducted in an untreated village
in 1964, the trend of density build-up was similar to that
observed in the 1963 results. At the date of writing, 45 days
after application, the solid-dispenser area has three or four
A. gambiae per hut and the liquid-dispenser area has one
A. gambiae per hut. Thus it appears that liquid dispensers
perform better than solid dispensers. No mosquitos have
been collected in exit traps.

18% and 20% of the total huts, are so well ventilated
that it is impossible in practice to build up an
adequate concentration of dichlorvos.
We have no data about the rate of dichlorvos

release from liquid dispensers, but the release from
solid dispensers at 24°C is shown in Fig. 6.

It may be seen that fall in production is sharp,
and although, when production falls to a low level,
it may still give 100% kill under controlled condi-
tions, this does not happen in the field. This point
is shown by the increase in mosquito-density in the
solid-dispenser area shown in Fig. 6 and by the
ratio of the mosquito density in huts in the solid-
dispenser area to that in huts in the control area
during comparable periods, as shown in Fig. 7.
The solid dispensers give very good results during

the first two to three weeks, when maximum vapori-
zation takes place, but they become much less
efficient as the production decreases. Within three
weeks, vaporization rates fall to below 50% of the
initial values.

It appeared that liquid dispensers were more
uniform in their performance but that their biological
activity was insufficiently high.

Climatic conditions have been shown to affect
dispenser performance. During hot, dry weather
there is increased vapour production, and during
periods of high humidity there is a slower evolution
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TABLE 15
BIO-ASSAY MORTALITIES IN HUTS IN SOLID-DISPENSER AREA a

Daysfter Approximate Number Number Corrected Total Control

treatment Approxmate umbervolumeofhutmortality A. gambiae mortalitytreatment(in3) ofdor%fdipnsr) used

First cycle

2 20 1 1 95 20 0

2 ,. 2 1 100 20 0

3 go 1 1 100 20 0

3 .. 2 1 100 20 0

10 .. 1 1 100 29 14.2

10 23 2 2 100 40 14.2

15 20 2 2 47.3 20 5.0

15 ., 1 1 94.7 40 5.0

15 .. 2 1 49.4 40 5.0

19 .. 1 1 28.9 20 8.5

19 ,. 1 2 89.7 40 8.5

22 .. 2 1 14.5 80 15.0

22 ,, 1 1 100.0 40 15.0

32 11-14 1 1 21.4 30 6.6

36 of 1 1 39.2 112 0.0

38 20 1 1 15.3 150 0.0

39 23 1 2 98.7 90 6.6

41 12 1 1 45.2 90 6.6

49 23 1 2 55.5 90 5.0

51 12 1 1 50.5 193 10.0

55 23 1 2 78.9 119 0.0

55 22 2 2 20.0 300 0.0

72 23 1 2 85.6 120 6.6

Second cycle

27 12 1 1 69.5 59 6.6

27 22 1 2 100.0 90 6.6

46 42 b 1 (closed) 4 100.0 30 0.0

46 42 b I (open) 4 6.6 30 0.0

46 22 1 2 100.0 60 0.0

56 11-14 1 1 22.2 90 3.3

Third cycle

12 22 1 2 100.0 60 3.3

12C 28-34 1 3 100.0 28 3.3

a Huts of round type, except where indicated by note b.
b Rectangular North African hut.
c Measurement made during daytime.
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TABLE 16
BIO-ASSAY MORTALITIES IN HUTS IN LIQUID-DISPENSER AREAa

Daysfter Approximate Number Number Corrected Total Control
treatment |oApprofimat of doors of dispensers mortality A. gamblae mortality

First cycle

Second cycle

Third cycle

a Huts of round type except where indicated by note b.
b Rectangular North African hut.

of vapour. Ventilation played a most important
part in the failure to build up adequate concen-
trations of insecticide vapour, and the smaller the
hut the more it was affected by ventilation. Huts in
the Kankiya district are, by the nature of their
construction, excessively ventilated.
From a study of blood examinations carried out

in the solid- and liquid-dispenser areas, no differ-
ences in the efficacy of the two types of dispenser
under trial could be detected.

Inadequate coverage
In view of the very comprehensive initial geo-

graphical survey carried out, we consider that all the
huts (15 300) in the trial areas were treated with the
requisite dosage of insecticide. However, open
kitchen and animal shelters have been shown to
harbour mosquitos, and it is impossible to treat
these structures with a fumigant insecticide. Gra-
naries have not been incriminated in the Kankiya
area, but they do provide a potential shelter for
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FIG. 5
CUMULATIVE PERCENTAGE KNOCKDOWN

OF A. GAMBIAE

10 15 20 25
Time (minutes)

FIG. 6
RELATIONSHIP BETWEEN RELEASE OF DICHLORVOS
FROM SOLID DISPENSERS AT 24°C AND MOSQUITO

DENSITIES IN HUTS

Rate of release of dichlorvos
_____ Number of mosquitos per hut

humidity is high. At this time, mosquito densities
are high, and transmission is at its peak. Some
evidence of outdoor biting was obtained by night
catches. The limited studies of the abdominal stages
of morning mosquito catches also suggest that a
certain proportion of A. gambiae leave the huts
during the rainy months.

FIG. 7
COMPARISON OF ANOPHELINE DENSITIES IN HUTS
IN SOLID-DISPENSER AREA AND IN HUTS IN CONTROL

AREA DURING FIRST CYCLE

mosquitos, particularly underneath the raised base.
Other studies carried out further south have shown
mosquitos to rest in granaries. In the trial areas,
we counted 2646 kitchen shelters, 918 animal
shelters and 12 290 granaries (i.e., 15 854 structures).

Size of the area
The treated area was roughly circular in shape,

with a diameter of about 22.5 km (14 miles). We
consider that, had the insecticide been effective,
evidence of interruption of transmission could have
been obtained, at any rate from the centre of the
area (epidemiological areas II and III).

Exophily
A. gambiae appear to leave the huts during the

rainy months, when vegetation is abundant and the
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Repellency
Our work in experimental huts leads us to conclude

that dichlorvos does not exert such a repellent effect
that a mosquito will not enter a treated hut and bite.

Movement of newborn infants outside the trial area
It was the practice for some mothers to take their

newborn infants to visit the maternal grandmother,
and this may have necessitated spending a period of
time outside the treated area. We investigated this
aspect only superficially, but we believe that only
a very small percentage of the newborn infants in
the series was involved. Most of the transmission
occurred within the trial area.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the ready help and
co-operation afforded to the team by Dr R. A. B. Dikko
and his staff at the Ministry of Health, Kaduna, and by
Dr J. Dodge, Mr M. W. Service and the staff of the
Regional Malaria Unit.
A most gratifying feature of the trial was the interest

taken in our work by the Emir of Katsina, and the great

assistance given us by him, his Wambai, the District
Head, and all village headmen is gratefully acknowledged.
We also acknowledge with gratitude the technical

assistance of Mr T. Ashkar, Mr L. R. Rickman and
Mr E. Rivola.
We are indebted to the Permanent Secretary, Ministry

of Health, Kaduna, for permission to publish this paper.

RtSUMI

Des essais sur le terrain au moyen de dichlorvos ont
ete effectues en 1963 dans un district du Nord Nigeria.
Le but 6tait d'evaluer I'action de cet insecticide volatil
sur les vecteurs locaux du paludisme et son influence sur
la transmission de I'affection, et, accessoirement, de
comparer I'efficacit6 respective de deux presentations
differentes du produit.
L'enquete a ete menee dans une region de paludisme

holoendemique habitee par environ 25000 personnes.
La production des vapeurs insecticides fut realisee au
moyen d'evaporateurs de dichlorvos places dans les huttes
A raison d'un appareil par 21 m3 (ler cycle des essais),
puis d'un appareil par 15 m3 (2e et 3e cycles). Dans la
moitie des cas, l'insecticide se presentait sous forme
* solide)) (cire impregnee de dichlorvos), dans l'autre
moitie sous forme liquide.

Les resultats ont ete etablis par des examens paludo-
m'triques au sein de la population des zones traitees et
des zones temoins, ainsi que par l'etude des taux d'agres-
sivit6, de l'indice sporozoltique, de la composition par
age et du comportement des anopheles vecteurs.
La transmission du paludisme, due a Anopheles gam-

biae, principal vecteur, et A. funestus, maximale durant
la saison des pluies de juin a septembre, n'a pas ete

interrompue dans les zones traitees ; il semble cependant
qu'il y ait eu une am6lioration par rapport 'a la situation
existant dans les zones temoins, mais l'insuffisance des
donnees preoperationnelles ne permet pas de tirer des
conclusions nettes sur ce point precis.
Du point de vue entomologique, on constata une forte

reduction de la densite anophelienne, observee avec les
deux types d'evaporateurs, mais en aucun cas une
elimination complete des vecteurs. Les diffuseurs solides
eurent une action initi ale intense, mais fugace, les prepara-
tions liquides un effet moins marque mais plus durable,
les premiers s'averant d'autre part d'un emploi beaucoup
plus aise. Les conditions climatiques influerent sur le
rendement des appareils, l'emission des vapeurs etant
plus forte par temps sec que pendant les p6riodes
d'humidite.
L'une des causes principales de l'action insecticide

insuffisante et de la persistance de la transmission du
paludisme semble etre l'impossibilite de maintenir une
concentration adequate de dichlorvos en raison du degr6
de ventilation tres eleve de la plupart des habitations. II
serait indispensable, dans les conditions locales, d'ac-
croitre le taux d'application des evaporateurs, ce qui
souleve un probleme d'ordre financier.
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