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A Large-Scale Field Trial of Malathion as an
Insecticide for Antimalarial Work in Southern Uganda

J. A. NAJERA, G. R. SHIDRAWI, F. D. GIBSON & J. S. STAFFORD'

Malathion shows promise as a substitute for chlorinated-hydrocarbon insecticides in
the control of malaria whenever the latter are unsuitable because of Anopheles resistance
or other reasons. A field trial of malathion was carried out in 1963-64, covering an area of
about 500 km2 with a population of about 26 000, in Masaka District, southern Uganda.
All houses and animal shelters were sprayed with malathion at 2 gfm2 at roughly
4-month intervals. The average combined densities of the females of the two main malaria
vectors, Anopheles funestus and An. gambiae, fell from an average of 66 per shelter per
day in a pre-trial survey in 1960-61 to 0.0011 at the end of 1964 in the sprayed area; no
significant changes were noted in unsprayed comparison areas. The transmission of the
infection in humans was apparently interrupted when allowance was made for imported
cases.

The presence of unsprayed surfaces in houses which had recently been built or altered
interfered somewhat with complete coverage. Case detection was reliable and achieved
excellent coverage.

No toxic effects of malathion in humans were noted, while the effect on mosquitos was
considerable even in the absence of direct contact. This effect of malathion lasted for a
considerably shorter period of time in houses roofed with corrugated iron than with thatch;
this should be borne in mind in the design ofspraying programmes.

1. INTRODUCTION

MALATHION AS AN INSECTICIDE

The effects of malathion, S-[1,2-di-(ethoxy-
carbonyl) ethyl] O,O-dimethyl phosphorodithioate,
as a general insecticide have been studied in detail
and malathion has been widely used since its intro-
duction in 1954. Studies have also been made of its
effects against mosquitos; some of these studies
having particular relevance to malaria are the
following: field observations in a small number of
houses in Mississippi, USA (Mathis & Schoof, 1958)
and in Morelos, Mexico (Barrera, 1959), small field
trials in El Salvador (Schoof et al., 1961) and Greece
(Rao et al., unpublished data, 1960); a village-scale
trial in Nigeria (Elliott & Barnes, 1963), comparative
laboratory studies of malathion and other insecticides
on various organic and inorganic surfaces (Hadaway
& Barlow, 1963a, 1963b; Mathis & Schoof, 1963) and

1 WHO Insecticide Field Trials Team, Masaka, Uganda.

experimental studies in huts at Arusha, Tanzania
(Smith & Hocking, 1962) and cattlesheds at Jogja-
karta, Indonesia (Soerono et al., 1965). More
recently, malathion has been used alone or in
conjunction with larvicides or drugs in limited field
trials in Nicaragua, Honduras and Iran with varied
results (WHO unpublished reports).

Malathion has a considerable residual insecticidal
effect, which is, however, of shorter duration on
mosquitos than that of DDT and dieldrin. Never-
theless, because of its low toxicity to mammals, the
fact that the development of resistance to organo-
phosphorus insecticides has generally been slower
than that to chlorinated hydrocarbons, and the
increasingly urgent need for an alternative to
chlorinated hydrocarbons, malathion was considered
a suitable insecticide for a large-scale field trial.
The objective of the trial reported here was to

assess the effectiveness of malathion in interrupting
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malaria transmission in the selected area when
applied at a dosage of 2 g/m2 at 4-monthly intervals.
The trial formed part of the WHO scheme for the
development of new insecticides.'

THE PROJECT AREA

The malathion trial area is shown in Fig. 1. The
terrain is a rolling succession of hills and of grass
savanna with occasional patches of wooded savanna.
The soils are generally lateritic and local muds used
for building are very sorptive. Lake Kijanebalola,
which extends from the centre of the sprayed area
to its western border, constitutes an important
feature from the economic and epidemiological
points of view. The altitude of the area varies from
1190 m to 1460 m; the altitude of Lake Kijanebolola
is 1220 m.
The annual rainfall varies between 760 mm and

1140 mm, with two rainy seasons, the peaks of
which occur in April-May and October-December.
The first rainy period is usually the more intense.
The temperature shows very little variation: the
minimum indoor temperatures vary from 150C to
21°C and the maximum from 25°C to 30°C. The
indoor relative humidity varies from 40% to 90%.
Thatch-roofed houses show less variation in temper-
ature and relative humidity than corrugated-iron-
roofed houses.
There are no definite villages in the whole area,

houses being scattered in an irregular fashion.
Homesteads or compounds consist of one or several
houses for the householder and his family; polygamy
is frequent. There are three main types of houses
according to the materials used in their construction:
(a) corrugated-iron roof and mud walls; (b) thatch
roof and mud walls (this latter type may have a
square or round base) and (c) thatch roof and walls,
usually hemispherical or conical, without demarca-
tion between roof and walls, generally called
" beehives ". Except for the latter type which has
only a small door, closed by a mat or crude covering,
most of the houses have wooden doors and window-
shutters which are closed at night. An opening of
from 1 in to 1 ft (2.5 cm to 30 cm) between the roof
and the top of the walls provides ventilation and is
the main mosquito entrance. The larger compounds
have a separate kitchen where the family often

'Further details of the results of the trial may be found
in the unpublished document WHO/Mal/529.65, available,
on request, from Research and Technical Intelligence,
Division of Malaria Eradication, World Health Organi-
zation, Geneva, Switzerland.

FIG. 1
MALATHION FIELD TRIAL PROJECT AREA
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within a few weeks or months of occupation.
There is a good deal of movement of population

in and out of the area, even among the people who
are normally resident there, in addition to which
there are three boarding schools-many of the
pupils of which live outside the area during their
holidays. Pastoral people live in simple " beehives ",
which are readily abandoned and rebuilt elsewhere
in the continual search for new pastures. In the
main coffee-picking season from May to August,
and the lesser one in November and December, the
area is visited by many seasonal workers, who build
temporary shelters if no more permanent accommo-
dation is available. Labourers also come and go,
more or less continuously, as do the fishermen in
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the lakeside settlements. As a result of the unsettled
conditions prevailing beyond Uganda's western and
south-western borders there was a growing influx of
refugees, particularly during the last few months of
the trial.

PROJECT PLANNING

The malathion field trial was a combined project of
the Government of Uganda and the World Health
Organization. The area chosen in November 1962
was part of that in which the annual cycle of malaria
had been studied from December 1959 to May 1961
(de Zulueta et al., 1963; Cullen & de Zulueta, 1964).
The spraying area first selected had a population

of about 20 000 and covered I whole gombolola
(subcounty) and about two-thirds of 2 others in
county Kooki. As the area had no natural limits
along most of its perimeter, it was decided in
August 1963 to extend the spraying operations to
cover the whole of the 3 gombololas, thereby estab-
lishing better-defined natural and administrative
limits. The new area had a population of about
26 000 and a population density of about 50 in-
habitants per km2.
The epidemiological evaluation was reorganized

in November 1963. A central evaluation area
comprising 40% of the sprayed area was defined.
This area was considered to be protected from the
introduction of infected mosquitos and thus suitable
for epidemiological evaluation.

Table 1 presents detailed data on the population
composition and types of houses for the central
evaluation area, and the total population and
numbers of localities I and compounds for the whole
sprayed area.
Two existing entomological indicator localities

were situated within the sprayed area. Of the 6
existing entomological indicator localities outside
the sprayed area, only 2 were comparable with those
in this area. On the basis of epidemiological data,
distance from the sprayed area, terrain configuration
and a preliminary entomological survey, 2 new
localities more comparable with those in the sprayed
area were selected to replace the other 4, thus
giving 4 entomological comparison localities situated
around the sprayed area. Two parasitological com-
parison areas, each having a population of about

1 The " locality " is the smallest organizational unit of
area used in these trials. The average area of a locality was
about 3 mi2 (about 8 km2), and by far the most localities had
an area of less than 1 mi' (about 21/2 km2); see section 2, on
spraying operations.

TABLE I
GEOGRAPHICAL RECONNAISSANCE DATA

(FEBRUARY-MARCH 1964)
A. General

_ Sprayed area Evaluation area

No. of localities 167 69

No. of compounds 6 611 2 633

Total population 26 526 10 440

B. Detailed Data for Evaluation Area

Age distribution
Num- of inhabitants

Type of building ber Num-
Age-group ber

Human habitation: Residents:

Corrugated-iron roof 1 061 0-23 months 713

Thatch roof 971 2-14 years 3 587

Beehive 771 15 years and over 5 558

Total 9 858

Mixed habitation Temporary workers:
(human and animal):

Corrugated-iron roof 79 0-23 months 7

Thatch roof 113 2-14 years 24

Beehive 62 15 years and over 551

Animal shelters 118

Total 3175 Total 582

3500, were selected around 2 of the entomological
comparison localities.

Houses were located at first with the aid of local
chiefs and people, but as operations became more
complex the need of a geographical reconnaissance
became increasingly obvious. This was started in
October 1963 and completed in March 1964; it
greatly facilitated spraying operations, epidemio-
logical and entomological investigations of cases in
suspected localities, supervision and recording of
and reference to past activities.
As mosquitos became scarce in the sprayed area,

a new plan of action for entomological activities was
prepared to cover all the localities in the evaluation
area each month at the same time as the active case
detection. This plan was used for the last 3 months
of the project.
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MALARIA SITUATION PRIOR TO SPRAYING

Systematic parasitological and entomological
studies on the annual cycle of malaria were carried
out in the area between December 1959 and May
1961 (de Zulueta et al., 1963, unpublished data).
These studies showed that malaria transmission

was perennial, maintained mainly by Anopheles
funestus assisted by An. ganibiae. The average
female densities per shelter for the whole period for
the 2 evaluation localities in the area to be sprayed
were 58.6 An. funestus and 7.4 An. gambiae, and for
the 2 evaluation localities in the comparison areas
39.5 An. funestus and 9.3 An. gambiae. Entomo-
logical surveys carried out in December 1962, before

spraying, gave an average female density of 24.9 An.
funestus and 0.8 An. gambiae per shelter in the 2
evaluation localities in the area to be sprayed.
The parasite rate in schoolchildren in the area

to be sprayed was 44.5% in December 1959, 22.4%
in June 1960, 19.0% in December 1960 and 28.5%
in June 1961. The parasite rate in the general
population was 27.8% in December 1959, 12.5% in
December 1960 and 30.9% in June 1961. The average
parasite rate in infants as determined by monthly
surveys carried out from April 1960 to April 1961 in
the dispensary in the area to be sprayed was 29.1 %,
and 30.0% in one of the comparison areas (Kakuto).
A school survey carried out in November 1962 gave
an average parasite rate of 35.7 %.

2. SPRAYING OPERATIONS

Malathion (50% water-dispersible powder) was
used, at a dosage of 2g/m2 of technical grade equi-
valent. Three spraying rounds per year were carried
out for two years, covering all internal surfaces of
living quarters, kitchens, latrines and animal houses,
and the ingress surfaces (i.e., the outside of doors and
window-shutters, door- and window-frames, and the
under-surfaces of projecting eaves and adjoining
parts of the walls). No practical difficulties were
experienced either with the dispersibility in water of
the insecticide or with the 3-US-gallon (about 11-
litre) Hudson X-pert sprayers. The 8002 HSS
(hardened stainless-steel) nozzle tips were changed
every 4 weeks.
The time taken to complete a spraying round

varied for the first 3 spraying rounds but the fourth,
fifth and sixth were each completed within 8 weeks,
and the variation in the interval between successive
sprayings of each locality was less than 3 days.
An average of 11.5 compounds, i.e., approximately
2200 m2, was covered per sprayman-day.

In October 1963 a start was made on a geograph-
ical reconnaissance of the project area. Because of
the difficulties of the terrain, progress by the standard
method of sighting and pacing was much slower than
anticipated and a compromise method was adopted.
This consisted of dividing the sprayed area into
167 localities. The compounds in each locality were
then numbered, a form giving details of the occu-
pants, type and number of buildings etc. was com-
pleted for each compound and simple maps were
drawn to show the approximate position of each

locality and the number of compounds within it
Since the great majority of the 167 localities were
quite small-less than I mi2 (2.6 kM2) in area-and
the average number of compounds in each was only
41, no difficulties were subsequently experienced by
the spraymen or other field staff in finding specific
compounds. This geographical reconnaissance was
completed in 6 weeks.

In May 1964, a total of 60 compounds chosen at
random-20 from each gombolola-were measured,
and the average sprayable surface calculated, as a
check on the quantity of insecticide used in each of
the spraying rounds. The average sprayable surface
was estimated at 190 m2 per compound and 47 m2
per capita.

In December 1964, a check on the accuracy of
application was carried out by comparing the
measurements of 16 compounds with the quantity
of insecticide used, a different sprayman being
employed for each compound. The individual
results varied from 1.74 g/m2 to 2.19 g/m2, with an
average of 2.02 g/m2.
The variation in the total number of compounds

sprayed in each of the 6 spraying rounds represents
the difference between the number burnt, demolished
or abandoned and the number newly built; because
of the refugee situation this resulted in an appreciable
over-all increase during the second year. In an
attempt to assess more accurately the total number
of new compounds built between one spraying round
and the next, all the spraying personnel (aided by the
reports of the entomological and parasitological
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field staff) were utilized during January 1965 to
search the whole of the evaluation area (i.e., 2932
compounds) for new, partially rebuilt or missed
compounds.
The number of compounds found to have been

built since the previous spraying round (2 November
to 29 December 1964) was 141, comprising 52
square, 3 round and 119 "beehive" houses. In
addition, it was found that 37 compounds had been
replastered or repaired and 9 had been missed by

the spraying team. These 141 compounds do not
represent the absolute total built during the 3 months
November, December and January, since some of
the new compounds must have been discovered and
sprayed during spraying operations, particularly in
the last gombolola sprayed. Nor would they include
the total number built in January. Nevertheless, if 141
is considered as a minimum estimate for the 3-month
period, then the annual total of new compounds
could be estimated as at least 564 (about 19%).

3. PARASITOLOGY

METHODS

Organization
Daily collection of blood films by a scout posted

at Rakai Dispensary (the only dispensary in the
sprayed area) provided the only parasitological data
for the sprayed area in January 1963, when spraying
operations began. Comparison data were obtained
from monthly surveys of 6 dispensaries and other
health units in unsprayed areas.
From February 1963 further sources of data were

added by the establishment of house-to-house visits
carried out by 3 blood-collection scouts. Each of
the scouts was a resident of the area which he
covered (one complete gombolola). Before the
sprayed area was extended in August 1963 these
scouts collected blood films from sprayed and
unsprayed areas. From August 1963 the whole of
the area covered by the scouts was sprayed, thus
reducing considerably the amount of comparison

parasitological data. Collections from the dispensa-
ries were increased during the following months but
even so were unsatisfactory as they covered a

widespread area which was not all geographically,
demographically and epidemiologically comparable
with the sprayed area.

An evaluation area in the centre of the sprayed
area and two comparison areas geographically and
epidemiologically similar to the sprayed area were

selected in November 1963. The 3 existing blood-
collection scouts covered the evaluation area and
1 new scout was selected for each of the new

comparison areas. Each scout was supplied with a

bicycle, and had to visit approximately 3500 people
in 870 compounds per month, according to weekly
itineraries. This resulted in data that are comparable
from month to month.

A register of all positive cases from all sources
found, by locality, in the evaluation area from the
beginning of the trial was compiled in July 1964 and
kept up to date; this considerably facilitated the
epidemiological investigations.
Blood films were collected by house-to-house

visits, dispensary surveys, school surveys, investiga-
tions of confirmed malaria cases and routine
sampling in dispensaries.

House-to-house case detection
The blood scouts engaged in house-to-house case

detection collected blood films from all children aged
up to 23 months and from all current and recent
fever cases. They recorded personal details, including
movement outside the area in the previous 12 months.

All persons aged 2 years or over with fever were
given presumptive antimalarial treatment. UNICEF
dried skimmed milk was given to the parents of
children aged up to 23 months each time a blood
film was taken, as an inducement; and when the
children had fever, 300 mg-600 mg of aspirin were
given, depending on age. As each child under
2 years was being examined approximately each
month for parasites, no antimalarial drugs were
given to them except when they were found positive.
With the establishing of the evaluation area and

the arranging of itineraries for the scouts, an infant
record card system was introduced. Index cards
were prepared in duplicate for each child registered
as having been born within the sprayed area after
1 January 1963. Name, sex, birth date, place of
residence, etc., were recorded on these cards. Details
for the cards were obtained from records previously
collected by scouts, and from gambolola birth
registers which, although helpful, were by no means
accurate particularly with regard to date of birth.
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The scouts often found infants before their birth was
registered and cards were prepared on this informa-
tion.

Dispensary collections of bloodfilms
Collection of blood films by project personnel at

dispensaries was abandoned because the production
was too low. Later, the co-operation of dispensary
personnel was obtained in taking blood films, but
owing largely to staff shortages the number of blood
films taken was low. All efforts were nevertheless
made to ensure that the dispensary in the sprayed
area collected a blood film from each person
receiving antimalarial drugs.

School surveys
In November 1962 a pre-operational school survey

was carried out, covering 6 schools outside the area
to be sprayed and 3 schools within that area. A post-
operational survey was carried out in July 1963, six
months after the first round, and covered the same
schools in the sprayed area but only three of those
outside, communications with the remaining three
being difficult. In August 1964 an additional survey
was carried out in the same schools as in 1963 plus
the majority of the remaining schools in the sprayed
area.

Investigation of malaria cases
From the beginning of the trial, all cases of

malaria in infants born after the commencement of
spraying were investigated and details obtained
regarding current sickness, history of fever and
movement in or outside the sprayed area. In
May 1964, such investigations were extended to
include cases in older age-groups, and from June 1964
onward an attempt was made to investigate cases
from all age-groups. Blood films were taken at the
time of investigation from other members of the
household present and from neighbours. Because of
the scattering of the houses, the difficulties of the
terrain and the large number of cases, investigations
were confined to the compound involved and its
immediate neighbours. All persons with malaria
were given antimalarial treatment during the
investigation.

RESULTS
General
With the establishment of the scouts' itineraries,

attempts were made to obtain monthly blood films
from each infant born in the area after the first

spraying. Some gaps were made in the itineraries by
holidays, breakdown of bicycles, sickness, etc. A
few refusals were met with, but after a report to the
local chief they were not usually repeated. Children
were found to be away from home for a variety of
reasons, such as having gone to market, visiting
relatives or friends in or outside the sprayed area,
attending infant welfare clinics etc. In spite of this,
however, a good coverage of the children born after
the first spraying was achieved.

Children aged below 2 years who remained
negative are considered in 3 groups: (a) children born
in the area after spraying commenced who remained
in the area, (b) those born in the area after spraying
commenced who died or moved away and (c) those
born outside the area who moved in, and those born
in the area up to 2 months before the first spraying.
The children in these groups were examined 56.2%,
49.2% and 52.8% respectively of the theoretically
possible number of times based on 1 examination a
month.

Similarly, children in the same age-group who
were found positive in the period December 1963 to
January 1965 are considered in 2 groups: (a) children
born in the area after the commencement of spraying
and (b) those born outside who later moved in, and
those born within the area up to 2 months before the
first spraying. The children in these groups were
examined (up to and including the first positive
blood film) 66.5% and 52.9% respectively of the
number of times possible.

This indicates that coverage was slightly better
than 1 examination every 2 months.
The average number of blood films obtained each

month was 394.5 for the under-2-years age-group,
this being 54.8% of the age-group population found
during the geographical reconnaissance, 558.8
(15.5%) for children aged 2-14 years and 514.3
(8.4%) for those aged 15 years and over.

House-to-house case detection

Table 2 shows monthly parasite rates in sprayed
areas. From December 1963 to January 1965 these
data refer to the evaluation area only. Table 3 shows
similar data from the comparison areas. From
January to November 1963 inclusive, month-to-
month comparability may be affected to some extent
because scouts took 21/2 to 3 months to cover their
areas, whereas from December 1963 evaluation-area
itineraries were completed each month. Nevertheless,
the general trend of the parasite rate in the evaluation
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TABLE 2
MONTHLY PARASITE RATES IN SPRAYED AREA BY MAIN AGE-GROUPS

Infants Total 2-9 ear Total children Total adults Total 2 years
0-11 months 0-23 months yes 2-14 years and over

Ea PRb E PR E [PR E PR E [ PR E |PR

January 1963 73 27.3 88 29.5 18 55.6 22 50.0 36 13.9 58 27.6

February 228 25.4 341 28.2 260 25.4 303 24.4 328 6.4 631 15.1

March 271 15.5 389 17.0 420 31.7 490 30.6 390 5.9 880 19.7

April 145 15.2 208 15.9 241 25.7 280 24.3 274 3.6 554 14.1

May 130 3.1 164 3.7 255 22.0 294 21.1 298 2.7 592 11.8

June 216 10.6 258 12.4 362 21.3 433 19.4 423 5.0 856 12.3

July 180 11.1 248 14.4 364 34.1 420 32.1 501 9.6 921 19.9

August 89 6.7 128 9.4 290 23.1 362 21.5 428 8.4 790 14.4

September 163 3.7 227 5.7 366 19.4 451 19.5 514 4.7 965 11.6

October 165 3.0 222 6.8 404 17.8 470 16.6 531 4.1 1 001 10.0

November 94 5.3 126 6.3 210 13.8 256 12.9 303 3.3 559 7.7

December 214 1.9 246 3.3 414 8.2 581 8.4 455 2.4 1 036 5.8

January 1964 258 1.9 318 2.8 429 13.1 551 12.9 503 4.2 1 054 8.7

February 224 3.1 314 3.5 447 8.3 521 8.1 530 4.3 1 051 6.2

March 239 0.8 316 1.3 509 5.9 580 6.6 608 4.3 1 188 5.4

April 253 1.2 395 2.0 408 6.1 473 6.1 535 3.6 1 008 4.8

May 240 2.5 384 3.4 369 10.6 429 10.7 431 3.5 860 7.1

June 278 0.7 474 1.9 459 5.7 531 5.8 575 3.1 1106 4.5

July 256 2.3 436 3.4 496 7.3 555 7.2 552 2.9 1107 5.1

August 228 1.3 394 1.0 463 6.3 522 5.9 438 3.9 960 5.0

September 253 1.4 467 1.3 568 6.5 641 5.9 437 2.1 1 078 4.4

October 265 1.5 500 1.2 623 4.7 693 4.9 600 2.5 1 293 3.8

November 215 1.4 406 1.7 483 2.7 531 3.0 536 2.8 1 067 2.9

December 233 0.9 435 0.7 580 4.3 655 3.8 476 1.7 1131 2.9

January19651 228 0.0 438] 0.0 496 2.6 560 [ 2.7 524 3.1 1084 2.9

a E = Number examined. b PR = Parasite rate (%).

area was downwards in both periods. No such area, as compared with the theoretical lines for a
general trend was shown by the comparison parasite reproduction rate of 0 and of 0.2. Tables 2 and 3 give
rates. data for the epidemiologically interesting age-groups

Fig. 2 shows the parasite rates and number of 0-11 months, 2-9 years and 2 years and over as well
blood films collected in the evaluation and com- as for the age-groups 0-23 months, 2-14 years and
parison areas from children under 2 years of age, 15 years and over.
Fig. 3 shows the corresponding results for the age- The gametocyte rates followed the same general
group 2-14 years and Fig. 4 for the age-group trend as the parasite rates. The parasite formula
15 years and over. Fig. 5 shows the parasite rate (80% to 90% Plasmodium falciparum and 10%
for all persons over 2 years of age, with and without to 20% P. malariae) showed no significant change
correction for cases imported from outside the throughout the trial, as is to be expected where the
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TABLE 3
MONTHLY PARASITE RATES IN COMPARISON AREAS BY MAIN AGE-GROUPS

Infants Total 2 9 e Total children Total adults Total 2 years
0-11 months 0-23 months - years 2-14 years 15 years and over and over

Ea PRb E PR E PR E PR E PR E 1PR

January 1963 46 10.9 71 11.3 6 0.0 7 0.0 3 0.0 10 0.0

February 54 18.5 80 17.5 12 33.3 26 30.8 14 7.1 40 22.5

March 71 11.3 102 11.8 27 11.1 43 18.6 87 8.0 130 11.5

April 47 12.8 77 11.7 77 29.9 88 26.1 64 1.6 152 15.8

May 39 15.4 71 11.3 94 25.5 110 22.7 61 8.2 171 17.5

June 78 19.2 132 23.5 56 12.5 69 11.6 37 8.1 106 10.4

July 102 24.5 158 29.1 137 38.0 169 39.1 187 22.5 356 30.3

August 70 24.3 104 27.9 210 39.0 250 37.2 247 15.8 497 26.6

September 81 22.2 114 18.4 49 42.9 66 45.5 54 9.3 120 29.2

October 49 14.3 67 14.9 93 25.8 113 24.8 59 6.8 172 18.6

November 183 23.5 268 25.4 508 39.6 557 39.9 125 6.4 682 33.7

December 151 23.8 198 30.3 425 38.1 511 37.2 40 10.0 651 31.3

January 1964 136 28.7 193 30.6 537 39.7 614 38.9 218 22.9 832 34.7

February 111 27.8 154 28.6 356 41.3 432 39.8 254 21.7 686 33.1

March 137 40.1 172 39.5 424 42.7 521 41.8 213 19.7 734 35.4

April 178 34.8 219 35.2 447 47.2 518 45.6 182 23.6 700 39.9

May 140 35.7 210 35.7 459 45.1 566 44.7 131 27.5 697 41.5

June 135 43.0 204 47.5 486 40.9 572 41.3 132 31.1 704 39.3

July 136 33.8 224 36.6 530 31.7 599 32.2 259 30.1 858 31.6

August 126 21.4 201 20.9 448 21.4 521 20.2 246 21.5 767 20.6

September * 121 31.4 249 29.7 447 28.4 519 27.7 289 17.0 808 23.9

October 136 19.1 265 16.2 458 19.9 554 21.7 270 19.6 824 21.0

November 114 11.4 266 10.9 450 11.3 530 11.7 259 7.7 789 10.4

December 109 21.1 277 18.1 452 11.5 512 10.9 254 9.1 766 10.3

January 1965 107 21.5 264 22.3 454 18.3 514 18.7 183 8.7 697 16.1

a E = Number examined. b PR = Parasite rate (%).

trial area was small and had a continual importation collections at the dispensaries in the unsprayed area
of positive cases from nearby unsprayed, originally yielded 1945 blood films from February 1964 to
similar areas. January 1965. As these numbers are so small,
The parasite rates in the comparison area re- detailed results are not presented here; it may be

mained substantially unaltered, with cyclical changes mentioned, however, that while these dispensaries
which may be associated with the rainfall pattern. gave similar rates prior to spraying, the parasite

rates at the closing of the trial showed no such
Bloodfilms collected by dispensary staff similarity, being 4.8% (out of 62 examined) for the

Collections at the dispensary in the evaluation area evaluation-area dispensary in January 1965 and
from May 1964 to January 1965 yielded only 392 49.0% (51 examined) for the unsprayed-area dis-
blood films from patients resident in the area and pensaries.
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School surveys
The data from the 1962 and 1963 surveys of

schools within the eventual evaluation area are
reasonably comparable with those of the 1964 survey.
The results of this latter survey were classified by
area of residence (evaluation area, outer sprayed
area and unsprayed area). In the evaluation area the
parasite rate was 36.8% in November 1962, 19.9%
in July 1963 and 9.5% in August 1964. In the outer
sprayed area the rate was 16.3% in 1964 and for the
unsprayed area 43.6%, also in 1964.

Investigation of cases of malaria
Prior to November 1963, only positive infants

reported as born after the commencement of
spraying were investigated. Out of 34 cases investi-
gated, 23 were found to have been in infants born
more than 2 months before spraying when their date
of birth was carefully gone into, 2 were in infants
living on the border of the sprayed area, 5 were
imported from outside the sprayed area, 1 was

FIG. 2

PARASITE RATES AND NUMBERS OF BLOOD FILMS
COLLECTED, PER MONTH, FOR AGE-GROUP 0-23 MONTHS

unclassifiable (possibly imported), 1 was con-
sidered to be due to an error in numbering slides
(the infant's slide and its mother's slide were inter-
changed), and 2 were considered to be relapses from
autochtonous malaria associated with a house
missed during the first spraying round.
The results of investigations after November 1963

are summarized in Table 4. This table includes the
results of investigations of children under 2 years
from December 1963 to May 1964 and of persons of
any age from June 1964 to January 1965, classified
by the source of the blood film.
The classification of cases adopted is a simplifica-

tion of that recommended by the World Health
Organization (1963) for use in projects in the con-
solidation phase when exhaustive epidemiological
case investigations are essential. This trial had to
be evaluated during the first 2 years of the attack
phase, when residual infections were still present
in considerable numbers and complicated by con-
siderable importation of cases. Because of the great

FIG. 3
PARASITE RATES AND NUMBERS OF BLOOD FILMS
COLLECTED, PER MONTH, FOR AGE-GROUP 2-14 YEARS
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FIG. 4
PARASITE RATES AND NUMBERS OF BLOOD FILMS
COLLECTED, PER MONTH, FOR AGE-GROUP 15 YEARS

AND OVER
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number of cases, investigations were limited in scope
and could only aim at a tentative classification of
each case without, in many instances, the possibility
of determining a clear-cut chain of transmission.

Cases are considered as imported where their
history indicates that they originated either (a)
outside the sprayed area, or (b) within 2 km of the
border (the terrain configuration allowed the pene-
tration of infected mosquitos up to this distance).
Only 5 cases were in the second category.

Cases are considered as autochtonous where there
is a fever history suggesting the possibility of local
transmission or reasons from the entomological
surveys or spraying status to suspect that possibility.
The term autochtonous is used because in the
majority of cases it was impossible to differentiate
between indigenous and introduced cases. Never-
theless, on account of their distribution in time and
space and the general epidemiological picture, it
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is thought that most of these autochtonous cases

were actually introduced.
Relapses were divided into those from imported

cases and those from autochtonous cases. This
classification is made on the basis of the history of
each febrile case and the movements of the person
involved. Of the 88 cases classified as relapses from
imported malaria, 78 were infections found for the
first time (69 falciparum and 9 malariae), 5 had been
found before but had not been treated (4 falciparum
and 1 malariae) and 5 had received treatment during
a previous investigation (3falciparum and 2 malariae).
Of the 37 cases classified as relapses from autoch-
tonous malaria, 31 were infections found for the
first time (30 falciparum and 1 malariae), 3 had
been found before but had not been treated
(all falciparum) and 3 had received treatment
during a previous investigation (1 falciparum and
2 malariae).

100
00
60

40

20

10

_F 8

0.6
0.4

M

.2

0.6

0.4

0.2

0.1 -s

922

I-6

a;
Dr

Oc



FIELD TRIAL OF MALATHION FOR MALARIA CONTROL IN SOUTHERN UGANDA

TABLE 4
POSITIVE CASES FOUND BETWEEN JUNE 1964 AND JANUARY 1965, CLASSIFIED BY ORIGIN OF INFECTION

Age-group Imported
elapseAutochtonousNo

Age-group Imported |ofiported | Relapse Unclassified investigatedofimported Primary Relapse ivsiae

Blood scouts, school surveys a

0-23 months 36 10 16 6 20 14

2-9 years 61 35 17 18 94 21

10-14 years 13 8 8 8 33 2

15 years and over 57 26 2 2 27 12

Total [ 167 [ 79 43 34 174 49

Rakal dispensary

Epidemiological investigations

a Including data for children under 2 years from December 1963 to May 1964.

Any case which did not fit into the previous cate-
gories because of insufficient information was
regarded as unclassified. We consider that most of
these cases are in fact remaining infections forming
the main residual reservoir which would be depleted
according to the negative exponential function as
defined in the tenth and twelfth reports of the WHO
Expert Committee on Malaria (1964, 1966).
An investigation was attempted in every case in-

cluded in Table 4; cases for which information could
not be collected are included as " not investigated ".
As might well be expected in view of the lack of

isolation of the project area and the migratory move-
ments, a great proportion of cases were imported,
or relapses of imported cases.

From 1 December 1963 to 31 January 1965, 84
malaria cases classified as " autochtonous" or
" relapse from autochtonous " were discovered in 77
different persons; 22 of these people (representing
25 cases) lived in 16 compounds of 3 neighbouring
localities on the main road from Rakai to Masaka
town. These 3 localities showed the greatest aggre-
gate of autochtonous cases. The remaining 55
persons (59 cases) lived in 48 compounds in 29
localities. A total of 1446 blood films were collected
from these 3 localities from May 1964 to January
1965, from infants and by routine active fever-case
detection. These blood films came from 210 different
compounds, 173 of which gave only negative films
(1002) during the period. The 37 positive compounds
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gave 52 positive and 392 negative blood films. The
population of these localities, recorded at the end
of 1964 (sixth spraying round) was 1259 people
living in 297 compounds. In the other 29 localities,
7216 blood films were collected by the same
method in the same period, 6933 of which were
negative. The population of these localities was
5383 people living in 1442 compounds at the end
of 1964.
Blood films collected during the investigation of

imported cases (excluding films collected from the

case under investigation) showed a higher parasite
rate than films collected during the investigation of
autochtonous cases. This fact may be due mainly
to whole families or groups immigrating to the area
from an unsprayed area. The general parasite rate
of 6.7% (out of 359) found during the investigation
of unclassified cases was of the same order as that
from people examined during the investigation of
autochtonous cases-6.0 % (out of 248)-whereas
that obtained in like manner during the investigation
of imported cases was 11.2% (out of 367).

4. ENTOMOLOGY

OBJECTIVES

The entomological investigations were directed at
assessment of the effects of malathion spraying on

the vector population, and of the transmission
potential in the sprayed area especially in relation to
confirmed cases. Assessments were made in sprayed
and comparison areas, considering the following
factors in so far as they relate to vector species:

(a) the day-resting densities indoors and outdoors;
(b) the feeding and resting habits;
(c) the degree of contact with man;

(d) the mode of action of the insecticide and the
duration of its residual effects in experimental huts
of two roof types-thatch and corrugated iron.

METHODS

Determination of day-resting densities
Indoor day-resting densities were assessed monthly

by pyrethrum space spray.
Outdoor resting densities were assessed by hand

collections in artificial shelters-namely, 2 pits
(Muirhead-Thomson, 1958), 1 drum and 3 dustbins
embedded in slopes or ant-hills, in each locality.

Collection of larvae
Larvae were collected monthly, beginning in

November 1963, in evaluation localities from fixed
breeding sites. This routine work was discontinued
in October 1964 but, in localities where epidemio-
logical investigations were performed, all available
breeding sites were searched.

Night observations
At first, collections were made from human bait

(2 outdoors and 2 indoors).

Later-from March 1964 in the sprayed area anld
from June 1964 in the unsprayed area-6 persons
were used as catcher-bait-2 outdoors, 2 indoors
and 2 in bed-net traps, I of which was indoors and
I outdoors.

Experimental hut stuidies
The effects of malathion spraying on mosquitos

were studied in 6 experimental huts at Rakai, in the
centre of the sprayed area. All huts had mud walls;
huts 1, 3 and 5 had thatch roofs and huts 2, 4 and 6
had corrugated-iron roofs. The details of construc-
tion are fully described by Cullen & de Zulueta (1964).
Each hut was occupied by 2 persons every night
from 21.00 hours to 06.45 hours; every day col-
lections were made from the window trap at 07.00
hours and from the cemented floors, by hand fol-
lowed by careful sweeping, at 07.00 hours and
14.00 hours. Huts 1, 2, 4 and 5 were sprayed and
huts 3 and 6 were left unsprayed for comparison.
In the first 2 spraying rounds, all 4 huts were sprayed
but during the third and fourth rounds only 2 huts
(1 of each roof type) were sprayed at a time, thus
allowing the other 2 huts a period of 8 months
between sprayings. In the fifth and sixth rounds, all
4 huts were sprayed again. In other words, each of
the 4 huts was sprayed 5 times; other houses in the
area were sprayed 6 times. This allowed the study
of the various effects of the insecticide over a longer
period than the 4-month interval adopted for the
spraying cycle.

Mosquito dissections
Salivary glands from samples of collections in the

unsprayed area (until October 1964) and from all
collections in the sprayed area were examined for
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sporozoites. Ovaries were dissected from March to
October 1964 for the determination of parity by
Detinova's technique (Detinova, 1962). After the
introduction of the ovarian dissections the salivary
glands of nulliparous females were not dissected.

Precipitin testing
Blood smears of An. gambiae and An. funestus

from unsprayed areas were prepared and forwarded
to the Lister Institute, London, England, for pre-
cipitin tests. The scarcity of mosquitos after spraying
precluded the determination of the human blood
index in the sprayed area.

Susceptibility and contact bio-assay tests

WHO-recommended techniques (WHO Expert
Committee on Insecticides, 1963) were followed.
Malathion-impregnated papers of concentrations
0.4%, 0.8%, 1.6%, 3.2%, 6.4% and 12.8% were
used for the susceptibility tests.

Bio-assay tests for toxicity to mosquitos not in direct
contact with sprayed surfaces
These tests were carried out by exposing 10-15

blood-fed mosquitos in wire cage frames (8 cm
x 8 cm x 16 cm) covered by mosquito netting.
Cages with mosquitos were exposed at 1 or more
of 6 selected positions ranging from the vertex of the
roof to 2 cm-3 cm above the floor in the south-
eastern corner of th-e huts. Laboratory-bred 2-to-
3-day-old females of An. gambiae or Aedes aegypti
were used for all bio-assay tests, 12-24 hours after
the first blood feed.

RESULTS

Vector species
Ten Anopheles species were collected from the

unsprayed area, namely, An. funestus, An. gambiae,
An. marshalli, An. coustani, An. implexus, An.
squamosus, An. paludis, An. pharoensis, An. maculi-
palpis and An. garnhami. The first five of these were
also collected from the sprayed area.

Positive salivary glands were found only in An.
funestus and An. gambiae. An. coustani were some-
times encountered in high densities in night-biting
collections; no other species was encountered in
large numbers within the sprayed area. Since no other
vectors were incriminated, the tabulated results pre-
sented here pertain only to An. funestus and An.
gambiae, which will henceforth be referred to as
" the vectors". The results of salivary-gland dis-

sections in unsprayed and sprayed areas are shown
in Tables 5-7. It will be seen from these that An.
funestus is the most important vector in terms of
density and sporozoite rates. Infection seems to be
perennial, at least one vector being found positive
during each of 7 months of 1963 and in each of
8 months up to October in 1964, when dissections
were stopped.

An. funestus sporozoite rates in unsprayed areas
were above 1 % in March, April, May and July 1963
and in June and July 1964, the highest being 3.3%
in May 1963. An. gambiae sporozoite rates were
above 1% in April, July and November 1963 and in
February and March 1964, with a maximum of
5.4% in March 1964, though from a rather small
sample.
The only positives found in the sprayed area were

2 An. funestus, I in January 1964 in a locality
bordering the unsprayed area and I in March 1964
in an unsprayed experimental hut.

Indoor day-resting densities

Unsprayed area. Tables 5 and 6 include the
monthly collection rates, densities per shelter and
percentages positive for An. funestus and An.
gambiae respectively. These data refer to the com-
bined collections from the 2 comparable unsprayed
indicator localities from January 1963 to October
1963 and from these 2 plus the 2 selected later from
November 1963.

Fig. 6 and Fig. 7 show the average An.funestus and
An. gambiae density respectively for the 2 com-
parison localities (May 1960-May 1961 and Jan-
uary 1963-January 1965) and for the 4 localities after
October 1963.

It may be seen from these tables and graphs that:
(a) densities of An. funestus above 100 females per

shelter were obtained in July 1963 and from Jan-
uary to May 1964, while densities of An. gambiae
above 10 females per shelter were obtained only in
July and November 1963 and in January 1964; these
densities fluctuated considerably following changes
in rainfall.

(b) An. funestus bred continuously during the
period under study, as can be concluded from the
proportion of males, empty and gravid females, with
variations that can be related to rainfall.

Sprayed area. Table 7 gives the monthly col-
lection rates and densities per shelter for An. funestus.
No table is presented for An. gambiae in the sprayed
area, as the numbers were very low. Only 22 females
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Total catch Feae Stages of gonotrophic cycle (%) Sporozoite
Number Feal diensityn
|atrs|Males| Females |capture |Empty Bloodfed |Pgarttedy Gravidl dissected |Positiv'e

January 1963 10 31 130 13.0 _ _ _ _ 92 O

February 10 30 175 17.5 _ _ _ _ 123 0.8

March 12 95 206 17.2 _ _ _ _ 175 1 .1

April 12 49 206 17.2 _ _ _ _ 170 2.4

May 6 14 86 14.3 _ _ _ _ 60 3.3

June 6 80 423 70.5 _ _ _ _ 105 0.9

July 12 285 1 988 165.7 _ _ _ _ 192 1.0

August 11 141 412 37.5 _ _ _ _ 130 0

September 12 152 240 20.0 _ _ _ _ 101 0

October 12 295 545 45.4 9.8 47.3 !24.0 19.0 108 O

November 21 427 1 386 66.0 7.5 40.6 23.2 28.8 1 42 0.7

December 24 405 2 176 90.7 1 2.6 54.1 1 4.8 1 8.5 283 0

January 1964 23 479 2 665 115.9 4.5 54.7 16.6 24.2 302 2.3

February 23 1 152 3 799 165.2 14.1 49.7 18.6 | 17.7 546 O

March 23 555 2 384 103.7 11.3 44.0 21.0 23.6 594 0

April 22 856 3 882 176.5 9.1 51.5 20.5 18.9 776 0.3

May 23 959 4 538 197.3 6.7 43.5 23.6 26.1 509 0.8

June 23 336 2 068 89.9 8.2 44.8 21.8 25'.2 464 1.3

J uly 23 167 904 39.3 7.0 39.4 32.1 21.6 330 2.1

August 23 224 963 41.9 8.6 42.8 28.1 20.4 212 0.9

September 23 215 675 29.3 17.9 39.1 22.5 20.3 200 0.5

October 23 150 763 33.2 5.6 45.9 27.3 21.2 271 0.4

November 22 93 430 19.5 11.2 37.0 32.8 19.1 0

December | 23 63 336 14.6 17.0 49-1 22-3 11-6 0

January 1965 23 91 246 10.7 8.5 45.1 30.9 15.5 0

926 J. A. NAJERA AND OTHERS

and I male were collected during the whole trial 1962 to about I after the first spraying and to about
period. The results for An. funestus are also shown 0.1 and even lower later. That of An. gambiae came
in Fig. 6, and those for An. gambiae in Fig. 7. down from about I per shelter in December 1962
These data refer to combined collections from the to below 0.1 after the first spraying and remained
evaluation localities and from possible contacts of below that level until February 1964, after which
positive cases since March 1963. Data for the period no An. gambiae were found. In fact, after August
from May 1960 to May 1961 and January and Feb- 1964 neither species could be found in the central
ruary 1963 are only for the 2 comparison localities. evaluation area, in spite of the fact that from Nov-
The average density of An. funestus in the sprayed ember 1964 to January 1965 practically aU localities

area dropped from above 30 per shelter in December were surveyed and all unsprayed, replastered and

TABLE 5

MONTHLY COLLECTIONS OF AN. FUNESTUS IN UNSPRAYED AREA, JANUARY 1963 TO JANUARY 1965

31 626 5 885 0.7Total 7 344
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TABLE 8
MONTHLY COLLECTIONS OF AN. GAMBIAE IN UNSPRAYED AREA, JANUARY 1963 TO JANUARY 1965

Total catch Female Stages of gonotrophic cycle (%) Sporozoite
Number Female ~ ~ ~ ~ ~ ~~~~~~~~[ dissectionsNumber ______ density- _ -_ _-_ _ _ _-_ _

ofsaptions per station %%Y Number %cfaptures Males Females capture Empty Bloodfed Partly Gravid dissected Positive
_____digested

January 1963 10 0 3 0.3 - - - - 3 0

February 10 0 14 1.4 - - - - 14 0

March 12 6 20 1.7 - - - - 20 0

April 12 4 54 4.5 - - - - 45 2.2

May 6 4 44 7.3 - - - - 45 0

June 6 0 6 1.0 - - - - 8 0

July 12 1 125 10.4 - - - - 57 1.8

August 11 0 12 1.1 - - - - 12 0

September 12 1 4 0.3 - - - - 4 0

October 12 0 11 0.9 9.1 27.3 54.6 9.1 9 0

November 21 75 272 13.0 5.9 45.6 32.4 16.2 196 1.0

December 24 87 185 7.7 7.6 44.4 25.4 22.7 151 0.7

January 1964 23 50 291 12.6 6.5 56.7 19.2 17.5 194 0.5

February 23 12 65 2.8 4.6 49.2 30.8 15.4 32 3.1

March 23 25 74 3.2 10.8 47.3 10.8 31.1 37 5.4

April 22 26 88 4.0 9.1 68.2 10.2 12.5 56 0

May 23 13 91 4.0 13.2 34.1 22.0 30.8 67 0

June 23 5 28 1.2 3.6 32.1 35.7 28.6 30 0

July 23 5 24 1.0 4.2 62.5 29.2 4.2 20 0

August 23 10 83 3.6 7.2 42.2 41.0 9.6 43 0

September 23 23 86 3.7 8.1 38.4 44.2 9.3 61 0

October 23 18 206 9.0 8.7 49.1 33.0 9.2 69 0

November 22 30 88 4.0 12.5 45.5 29.5 12.5 0 -

December 23 3 12 0.5 41.7 58.3 0 0 0

January 1965 23 0 3 0.1 66.7 33.3 0 0 0 -

Total ] 398 ] 1889 J lI I 1 171 0.66

repaired houses searched. The larval densities (see
below) also fell to very low levels. The average
densities from the same collecting stations over a
period of 13 months (May 1960-May 1961) were
58.6 per shelter for An. funestus and 7.4 per shelter
for An. gambiae.

Species distribution. An. funestus was the predom-
inant Anopheles species, constituting up to 98.2% of
the total collections in the unsprayed area while the

highest proportion of An. gambiae was 16.5%.
In the sprayed area, the numbers collected were very
low but a similar pattern prevailed.

Proportion parous. Between March and October
1964, totals of 1966 An.funestus and 127 An. gambiae
from the unsprayed area were dissected to determine
parity. In both vectors the proportion parous was

consistently much lower among unfed than among
blood-fed mosquitos. Any calculations of p (the
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daily survival rate) and p12 (the proportion old
enough to harbour sporozoites of P. falciparum)
should be based on the results from the blood-fed
samples dissected.
The proportion parous in An. funestus ranged

from 0.515 to 0.754, with an average value of 0.621.
In An. gambiae the small sample, collected over 3
months only, gave an average value of 0.392-a
much lower figure than expected for this species.

Oviposition in An. gambiae in the insectary did not
occur in under 4 days, and we believe this period may
correspond to the local gonotrophic cycle of both
vectors. Thus by the method of Davidson (1954) p

may be estimated to be the fourth root of the pro-

portion parous, whence p12 becomes the cube of the
proportion parous (Garrett-Jones & Grab, 1964).
On the basis of the numbers available, it is worth
making these calculations only for An. funestus; for

TABLE 7
MONTHLY COLLECTIONS OF AN. FUNESTUS IN SPRAYED AREA, JANUARY 1963 TO JANUARY 1965

Total catch Female Stages of gonotrophic cycle Sporozoite
Number Female ~~~~~~~~~~~~~~~~~dissections a3

of station densityofsaptions perstation
% Number %

Males'u| Females | capture |Empty Bloodfed Padertld Gravid dissected Positive

January 1963 11 20 133 12.1 _ _ _ - 80 0

February 9 20 182 20.2 _ _ _ - 84 0

March 22 17 12 0.5 _- - 12 0

April 32 22 23 0.7 _- - 23 0

May 32 27 50 1.6 _- - 50 0

June 32 26 29 0.9 - - - - 29 0

July 31 8 18 0.6 - - - - 18 0

August 32 19 22 0.7 - - - - 22 0

September 32 4 1 0.03 - - - - 1 0

October 31 0 0 0 0 0 0 0 0 0

November 30 3 2 0.1 0 0 100.0 0 0 0

December 32 0 1 0.03 100.0 0 0 0 1 0

January 1964 36 1 8 0.2 0 62.5 25.0 12.5 14 7.14

February 32 2 10 0.3 20.0 50.0 30.0 0 11 0

March 33 0 0 0 0 0 0 0 6 16.7

April 22 0 0 0 0 0 0 0 6 0

May 26 4 26 1.0 42.3 50.0 0 7.7 52 0

June 28 5 2 0.07 50.0 0 0 50.0 27 0

July 38 5 6 0.16 66.7 0 16.7 16.7 13 0

August 25 0 0 0 0 0 0 0 0 0

September 32 0 0 0 0 0 0 0 2 0

October 29 0 0 0 0 0 0 0 0 0

November 393 0 2 0.005 0 0 0 100.0 2 0

December 274 0 0 0 0 0 0 0 1 0

January 1965 137 0 0 0 0 0 0 0 0 0

Total 11 5271 | 454 0.44

a Based on collections from capture stations and from experimental huts.
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FIG. 6
ANOPHELES FUNESTUS DENSITIES

FIG. 7
ANOPHELES GAMBIAE DENSITIES
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that species the mean values (over 8 months) are
p = 0.89, p12 = 0.24.

In the sprayed area no An. gambiae and only 18 An.
funestus could be dissected to determine parity.
As 16 of these were unfed it is not possible to
estimate the proportion parous in the presence of the
insecticide.

Outdoor day-resting densities
Collection rates from pits, drums and dustbins in

all indicator localities (sprayed and unsprayed) were
very low. The results obtained suggested that, with
the exception of An. coustani, all anopheline species
in the area preferred indoor resting to the outdoor
artificial shelters used, among which drums were
generally preferred to pits. The absence of vectors
from outdoor resting shelters in both unsprayed and
sprayed areas suggests that spraying did not produce
a change in the resting habits and that the general
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decrease in the indoor vector densities reflected a
true population decrease.

Collection of larvae
In the unsprayed localities collections were carried

out between March and October 1964. Larvae of An.
funestus were found every month, while larvae of An.
gambiae were found in all except March and August.
The 2 evaluation localities in the sprayed area were

surveyed every month from March 1964; only 5
larvae of An. funestus and 2 of An. gambiae were
found there, all in one locality in December 1964.
Of 41 other localities in the sprayed area surveyed
during the same period, 6 were positive with a total
of 8 An. gambiae and 18 An. funestus larvae.

Man-vector contact

The results of precipitin tests on An. gambiae and
An. funestus collected from unsprayed localities
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indicate that both were highly anthropophilic. In
human and mixed shelters, which made up an
estimated 96% of the total investigated, the human
blood index varied from 70% to 100%. Lower
indices were obtained by de Zulueta et al. (1963)
in 1960-61.

Results of direct man-biting collections obtained
from the unsprayed area (June 1964 to January 1965)
gave 10 An. funestus, 7 An. gambiae, 73 An. coustani
and 59 An. marshalli in 406.5 man-hours of observa-
tions, while from the sprayed area (January 1964 to
January 1965) they gave 2 An. funestus, 1 An.
gambiae, 1198 An. coustani and 1 An. marshalli
in 918.5 man-hours of observation.
The results obtained from bed traps were 2 An.

funestus, 15 An. gambiae, 113 An. coustani and 54
An. marshalli from the unsprayed area (June 1964
to January 1965) in 422 man-hours of observation
and I An. funestus, 1 An. gambiae, 448 An. coustani
and 2 An. marshalli from the sprayed area (March
1964 to January 1965) in 448 man-hours of observ-
ation.

Susceptibility tests

Susceptibility tests performed in May 1963 in the
unsprayed area on captured wild An. funestus and
in October on An. gambiae showed that the two
species were normal in susceptibility to malathion
(An. funestus LC50<0.8 %, An. gambiae LC50
= 1.2%).
In the sprayed area a test in March 1963 on An.

funestus collected from an unsprayed hut showed
normal susceptibility to malathion (LC50<0.8 %).
No tests were possible afterwards because of the low
density, which in itself suggested a lack of resistance.

Experimental hut studies

Studies of the numbers of mosquitos entering
the sprayed and unsprayed experimental huts and
the numbers reaching the window traps did not
reveal the existence of any deterrence or irritability
effect of malathion on the mosquitos.

Room kills

The toxicity of malathion within sprayed huts on
the local mosquito population was assessed from
the number of dead mosquitos collected daily from
the floors and window traps of experimental huts.
The results of these investigations are shown in
Table 8. These mortalities reflect the toxicity of the
insecticide to mosquitos within the huts, whether
in direct contact or not.
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Before spraying, the natural mortality over a
period of about 3 months (including accidental kills
effected by men when conscious of biting) varied
between 4.2% and 27.8% in the thatch-roofed huts
and between 0.7% and 12.9% in the corrugated-
iron-roofed huts.

In the interval between the first and second
spraying, the mortality rate in the sprayed huts
averaged between 60.8% and 73.0% in the thatch-
roofed huts and between 30.5% and 33.7% in the
corrugated-iron-roofed huts, while in the unsprayed
huts it was 0.4% and 3.9% respectively for the two
types of huts. After the second spraying mortality
rates averaged between 90.5% and 93.5% in the
sprayed thatch-roofed huts and between 71.3% and
92.2% in the sprayed corrugated-iron-roofed huts.
Between 7 November 1963 and 14 July 1964, a

period of 8 months with a single spraying, mortality
rates averaged between 41.8% and 51.2% in the
sprayed thatch-roofed huts and between 11.6% and
12.9% in the sprayed corrugated-iron-roofed huts.
After the fourth and fifth spraying, the anophelines
collected in the experimental huts were too few for
a valid assessment to be made.

Contact bio-assay tests

Twenty-six tests on thatch surfaces indicated that
malathion deposits were most effective on these
surfaces, giving kill rates above 80% at half-hour
exposure periods up to 140 days after spraying and
at 1-hour exposure periods up to 220 days. After
248 days, 2-hour exposure gave 70.6% kill.

Eighteen tests on corrugated-iron surfaces showed
that malathion deposits remained effective at half-
hour exposure periods up to 120 days after spraying.
Doubling the exposure period did not improve the
results. After 161 days, 5-hour exposure periods
gave no mortality.

Twenty-seven tests on mud surfaces showed that
the effectiveness of malathion decreased more quickly
than with either of the above-mentioned two sur-
faces, but better results were attained after the
second spraying than after the first. Half-hour
exposures were effective for about a month; but
exposures of 4 hours gave significant kills in thatch-
roofed huts up to about 4 months after spraying
and in corrugated-iron-roofed huts up to 3 months.
Forty-three tests on wood surfaces showed that
deposits were effective with 1-hour exposure periods
giving up to 100% kill 243 days after spraying.
Thirty-one tests on wire gauze indicated that these
deposits were similar in effect to those on corrugated-
iron surfaces, lasting from 90 to 150 days at l/2-hour
and 1-hour exposure periods.

Bio-assay tests for toxicity to mosquitos not in direct
contact with sprayed surfaces

Sprayed huts exerted a considerable toxic effect
on mosquitos in cages suspended within the room
without contact with treated surfaces. Repeated
tests indicated that this effect varied according to the
position of the cage. The vertex of the hut roof was
found to be the most toxic position, followed by the
centre of the room and near the opening of the
window trap. The positions close to the walls were
least toxic and in these positions the effect diminished
as the height decreased. The vertex position in
thatch-roofed huts resulted in 50%-100% mortality
at 4-hour exposures up to 236 days after spraying.
The lowest position close to the wall gave only
60% mortality at 4-hour exposures 31 days after
spraying.

Toxicity was demonstrable for about twice as long
after spraying in the thatch-roofed huts as in the
corrugated-iron-roofed huts.

5. DISCUSSION

There is an apparent discrepancy between the
parasitological and entomological results presented
above: while the entomological results were very
favourable, the parasite reservoir had not been
reduced as much as would be expected from the
entomological data.
The combined vector densities per shelter, which

averaged 66.0 between May 1960 and May 1961
and 32.3 in December 1962 and January 1963,

dropped to 0.0011 for the period August 1964
to January 1965, being nil in the 2 indicator
localities.
The persistence of malaria cases together with

some infections found in infants born after the com-
mencement of spraying were not consistent with
these entomological findings. Epidemiological in-
vestigations were carried out to ascertain the origin
of infections.
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The movements of population in and out of this
small area, the consequent high number of imported
cases, as previously mentioned and, more important,
the fact that those imported cases usually built new
houses which remained unsprayed until the next
spraying round, are thought to be the main cause of
the production of autochtonous cases.

It was ascertained that 41 of the 84 autochtonous
cases (including relapses) mentioned earlier were
associated with new unsprayed houses, 22 with
houses replastered or having had additions and
13 with houses missed in earlier spraying rounds.
The even distribution of imported cases and residual
infections provided several possible sources for each
autochtonous case, but as shown above in the great
majority of them it was possible to find an associa-
tion with unsprayed or altered houses in the im-
mediate vicinity.

It is reasonable to expect that the reproduction
rate around unsprayed houses would have been
greater than the area average, as the main factor
operating was the general reduction in anopheline
densities, while the probability of survival was
increased in relation to the isolation of the house.

Nevertheless, as the general vector densities were
extremely low and neighbouring houses had been
sprayed, the existence of imported cases and of
unsprayed houses resulted in very few autochtonous
cases. It is considered that all autochtonous cases
were the result of exceptional conditions. This is
further confirmed by the results of the blood films
collected during the investigation of cases, where
parasite rates around autochtonous cases were no
higher than around unclassified cases, both of which
were lower than rates around imported cases; blood
films were generally taken only in the compounds
where a case was found.
The application to the parasitological results of the

standards for interruption of transmission defined
in the tenth and twelfth reports of the WHO Expert
Committee on Malaria (1964, 1966) will now be
discussed.

Fig. 5 illustrates the decline of parasite rates
obtained from case detection (fever cases) by scouts
from the evaluation area, compared with the theore-
tical lines for 0 and 0.2 reproduction rates (first
standard). The full line represents the general
parasite rates from the population excluding
children under 2 years of age. The broken line re-
presents the parasite rates (from June 1964) when
the imported cases have been excluded.

The correction for imported cases has been made
on the assumption that the only imported cases
were the positive ones, as only positive cases were
investigated; there must, however, have been a
proportion of negative imported cases, that is,
people coming from outside the sprayed area from
whom a negative blood slide had been obtained.
Assuming that imported cases, positive and negative,
would show the same parasite rates as the comparison
area at the time, the following formula would give
us the corrected parasite rate:

P-I
x 100

E- ..x 100
Prc

where P is the total number of positive cases, E is
the total number of persons examined, I is the
number of imported positive cases and Prc is the
parasite rate in the comparison area.

It may be observed that although the average
parasite rates for all individuals over 2 years of age
show a decline close to the accepted standards, there
is a considerable difference between the different
age-groups (see Fig. 3 and Fig. 4), the adults showing
a much slower decline. This may be due not only
to the greater proportion of imported cases in this
age-group (temporary labourers, fishermen, etc.) but
also to their higher levels of immunity.

It is believed that the application of the first
standard of interruption of transmission to the data
is valid for the following reasons.

1. The mechanism of case detection by scouts
obtained a good coverage of the population as
shown in the parasitological section; this coverage
is well above the minimum acceptable even for
surveillance operations.

2. The fact that the blood surveys were carried
out primarily for fever cases could bias the results
only by increasing the rates in relation to those
which would have been obtained by examination
of the whole population. Nevertheless the difference
between the rates among fever patients and the
general population prior to spraying was negligible,
and a great loss of immunity would not be expected
in the population over 2 years of age.

3. The exclusion of imported cases is justified by
the fact that the expected slope as defined by the
WHO Expert Committee on Malaria is based on
direct measurements of the duration of parasitaemia,
which fit with observations in large projects where
importation of cases is diluted in a large protected
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area, but will not apply to a small area. Again, the
fact that only imported cases and relapses from
imported cases are excluded, leaving all the autoch-
tonous, unclassified and uninvestigated cases, can
bias the results only by increasing the rates.
To illustrate the effect of importation of cases in

a small project area, we may mention that in Area B
of the Liberian Malaria Eradication Pilot Project
(Guttuso, unpublished WHO document, 1962) the
vector disappeared from the area and transmission
was brought to an end but nevertheless the falci-
parum parasite rate fell in one year only to 39% of
its original value (Macdonald & Gockel, 1964).

If all these considerations are borne in mind in
the study of Fig. 5, it may be concluded that the
reduction in parasite rates followed an acceptable
trend.

Infant parasite rates as compared with general
parasite rates for the period from April 1964 to
January 1965 (second standard of the WHO Expert
Committee on Malaria, 1966), imported cases being
deducted as above, are as follows.

Parasite rate
Infants 2 years and over

April 1964
May
June
July
August
September
October
November
December
January

0.80
1.30
0.72
1.60
0.00
0.40
0.79
0.00
0.44
0.00

4.8
7.1
4.5
5.1
5.0
4.4
3.8
2.9
2.9
2.9

The infant parasite rates are, in general, above
the accepted level of 10% of the general parasite
rate, the average infant parasite rate for the period
being 0.63% as against a parasite rate in persons
aged 2 years and over of 4.26 %. This may be
attributed in part to the fact that, although the aim
of the scouts was to obtain blood films from every
infant, better co-operation was obtained in the case
of sick than of healthy infants.

Table 9 shows heavy infections in relation to total

BLE 9

PROPORTION OF HEAVY MALARIA INFECTIONS,a JULY 1964-JANUARY 1965

Evaluation area

Imported or relapse
from imported

Low Heavy

July b

School and locality
survey (August)

August b

September

October

November

December

January

22

29

21

18

26

27

14

22

3

3

2

0

5

2

3

Heavy

12.0

3.3

12.5

10.0

0.0

15.6

12.5

12.0

Autochtonous,
unclassifled,

or not investigated

Low

39

58

28

32

29

6

19

6

Heavy

3

3

0

2

0

0

1

0

Heavy

7.1

4.9

0.0

5.9

0.0

0.0

5.0

0.0

Comparison area

Low

59

22

168

217

189

99

111

156

Heavy

11

2

30

50

27

12

18

16

Total 179 19 9.6 217 9 4.1 1 021 166 14.0

Heavy

15.7

8.3

15.2

18.7

12.5

10.8

14.0

9.3

a Heavy malaria infections are those showing over 2.5 parasites per microscopic field (about 1000/mm3) (WHO Expert Com-
mittee on Malaria, 1964). With the exception of the school and locality survey earried out in August 1964, all the data presented
here were from routine case detection.

b Five positive cases in July in the evaluation area and 84 in July and 2 in August in the comparison area are excluded from this
table as density determinations were not made.
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infections (third standard of the WHO Expert Com-
mittee on Malaria, 1966) from July 1964 to Jan-
uary 1965. The average percentage of heavy infec-

tions in the evaluation area during this period, after
exclusion of the imported cases, was 4.1 %, which is
well within the acceptable limits.
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RI-SUMt

De janvier 1963 A janvier 1965, des essais pratiques ont
e effectues en Ouganda, pour determiner si des pulv6ri-
sations A effet remanent de malathion permettaient
d'interrompre efficacement la transmission du paludisme;
le produit, sous forme de poudre dispersable dans l'eau
a 50%, a ete appliqu6 a raison de 2 g/m2 et tous les
quatre mois environ.
La zone d'essai, d'une superficie de 520 km2, compte

26 000 habitants; elle est situ6e dans le sud du pays, en
bordure du lac Kijanebalola, a une altitude comprise
entre 1190 et 1460 m. Cette region est caract6risee par
une succession de collines ou la v6getation naturelle est
la savane herbeuse. La transmission du paludisme y etait
permanente, avec des fluctuations saisonnieres apres
chacune des deux saisons de pluies. L'evaluation 6pide-
miologique a e faite dans la partie centrale de la zone,
qui represente environ 40% de l'ensemble.
Toutes les entr6es et les surfaces interieures des habita-

tions et des abris pour les animaux ont e traitees.
L'essai a abouti a l'elimination quasi complete des deux
vecteurs, Anopheles funestus et A. gambiae, des la fin
de 1964 alors qu'auparavant, en 1960-1961, la densit6 des
deux especes r6unies etait de 66 par jour par abri (moyenne
calculee sur 13 mois). I1 a ete extremement difficile de
trouver des vecteurs dans la zone traitee, par quelque
methode que ce soit: collecte apres pulv6risations a

l'interieur des habitations, collecte nocturne sur appAts
humains ou dans des pieges fixes aux moustiquaires,
collecte de larves, collecte dans des abris ext6rieurs ou
dans des pieges de fenetre.
Dans l'ensemble de la population ag6e de plus de

2 ans, la prevalence du paludisme, exprim6e par l'indice
plasmodique, a ete ramen&e de 27,6% (donnees de l'en-
quete initiale) a 2,9% A la fin des essais, ce dernier chiffre
resultant du d6pistage des cas fievreux. Pour le groupe
d'age de 2 A 9 ans, les chiffres sont passes de 55,6% en
janvier 1963 A 2,6% en janvier 1965. Dans les zones
temoins, l'indice plasmodique oscillait entre 10,3% et
41,5% pour l'ensemble de la population agee de plus de
2 ans, et entre 11,1 % et 47,2% pour le groupe d'age de 2 a
9 ans. L'etude des cas positifs dans la zone du projet a
montr6 qu'un grand nombre d'entre eux 6taient import6s
d'autres secteurs ou aucune protection n'avait ete assur6e.
Quelques cas ont et classes comme autochtones, mais
il semble qu'il s'agissait en fait de cas introduits.

L'application aux donn6es parasitologiques recueillies
des criteres recommandes dans les dixi6me et douzieme
rapports du Comit6 OMS d'experts du Paludisme et
l'examen des donnees entomologiques permettent de
conclure que la transmission du paludisme a ete interrom-
pue dans la zone d'evaluation.
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