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SYNOPSIS

A first experiment on malaria control in the interior of Borneo by
spraying with residual insecticides is described. The work was
carried out in the isolated, sparsely populated valleys of the Baram
River and its tributary, the Tinjar, in northern Sarawak. The experi-
mental area was divided into three parts: a DDT test area, where
a 75% suspension of wettable powder was applied at the rate of
2 g of DDT per m2 of surface; a BHC test area, where a 50°%
suspension of wettable powder was applied at the rate of 0.10 g of
gamma isomer per m 2; and a check area.

Entomological investigations made before the spraying opera-
tions were started showed that Anopheles leucosphyrus Donitz, 1901
was the main malaria vector in both the test and the check areas.
Out of a total of 7568 A. leucosphyrus dissected, 30 gland infections
were detected-a sporozoite-rate of 0.40%. A. barbirostris was
found to be a secondary vector throughout the experimental area.

The results of insecticide spraying were satisfactory: in the
DDT test area, the spleen-rate fell from 51.8 % to 25.10%, and
the parasite-rate from 35.60% to 1.60%, in 21 months, and a similar
reduction in the rates was observed in the BHC test area. In the
check area, the spleen- and parasite-rates rose during the period
of observations. It is considered that if such a degree of control
can be obtained, in 21 months, complete eradication can be expected
in the near future.

Although BHC spraying proved effective, the fact that it has
to be repeated every three months makes it impracticable in the
interior of Sarawak, where communications are very poor and
difficulties of transport very great. DDT spraying, which need
only be done twice a year, is therefore to be preferred. The cost
of the DDT operations-US$ 0.45 per person protected per year-
is comparatively high, owing to the difficulty of communications
and to the necessity for spraying not only the village " longhouses ",
but also the temporary shelters which the semi-nomadic people
in the interior of Sarawak build each year in the rice-fields.

* Report on work carried out with the support of the Sarawak Government Medical Department
and the World Health Organization.
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Little was known about malaria in Sarawak before the beginning of
the Sarawak Malaria Pilot Project in 1952; with the exception of the extreme
north of the country where field surveys had been made, the " malaria
map " of Sarawak was virtually blank. It was known that in British North
Borneo and in other parts of the Island of Borneo Anopheles leucosphyrus
was the main malaria vector, and it was thought likely that it would also
be responsible for malaria transmission in Sarawak. The possibilities of
controlling leucosphyrus-carried malaria by the residual spraying of insecti-
cides had never been explored.

The two main objectives of the Sarawak Malaria Pilot Project,according
to the agreement made between the Sarawak Government and WHO,
were a general malaria survey of the country and a first field trial of resi-
dual insecticides. The present paper deals only with the first trial of residual
insecticides made in the Baram District from November 1952 through
January 1955. The malaria survey of the country made in 1952 is discussed
elsewhere,a but it may be mentioned here that large areas of coastal flat
land were found to be practically free from malaria; also that relatively
accessible parts of the country had little malaria and that it was only in
the hilly and mountainous interior that endemic or hyperendemic malaria
was to be found. After visiting the five administrative divisions of Sarawak,
it was decided to start the malaria-control experiment by residual insecticides
in the Baram District in northern Sarawak. It was realized that the Baram
District, with its scattered population, complete lack of roads, and great
distances to be covered, presented many difficulties for carrying out sustained
observations, but it had the advantage of a well-isolated population living
with hardly any contact with the outside world.

Supervision of the work was difficult; the qualified staff of the project
in 1952 and 1953 was reduced to one (J. de Z.), no entomologist and no
other medical officer being available at that time. It was only through the
help and assistance of all the Government Officers concerned and the interest
and co-operation of the Baram population that it was possible to carry on
the trial of residual insecticides. Although the programme of work had to
be reduced and the observations had to be cut to a minimum, we believe
that the results obtained are sufficient to show that leucosphyrus-carried
malaria in Borneo can be controlled by spraying of residual insecticides.

The Study Area

The Baram District covers a large tract of land from the mouth of the
River Baram to its head waters. The whole valley of the River Baram and
its tributaries, from immediately above the confluence of the River Tinjar
up to the head waters, was used as the experimental area for residual

a See article on page 651 of this number of the Bulletin.
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insecticides. Four Baram villages near the confluence with the River Tinjar
-an area of about 160 square miles (400 km2)-were sprayed with BHC,
and the rest of the experimental area-approximately 1800 square miles
(4700 km2)-was sprayed with DDT. The valley of the Tinjar, which is
parallel to the Baram Valley and covers an area of about 1000 square miles
(2600 km2), was used as the check area. Fig. 1 shows the position of the
test and check areas in northern Sarawak.

As can be seen, both the Baram and the Tinjar valleys are well-defined
geographical units, separated from each other and from the surrounding
country by mountain ranges. Marudi, the administrative centre of the
Baram District, was used as the Project's headquarters. Marudi is 66 miles
(106 km) from the mouth of the River Baram and can only be reached by
water. The distance from Marudi to Long Akah, a Government station in
the middle of the DDT test area, is 120 miles (193 km), again following the
course of the river. From Long Akah to Lio Matu, the last village in the
DDT test area, the distance along the river is 68 miles (109 km). Thus Lio
Matu, on the head waters of the Baram, is 254 miles (408 km) from the sea,
following the course of the river; it is practically in the centre of Borneo,
about 120 miles from the China Sea in a straight line and approximately
the same distance from the Celebes Sea.

The Baram River is navigable up to Lio Matu by the local "praus" or
dug-out canoes, but all the skill and river-knowledge of the local people
are needed to negotiate the rapids and difficult points found on the way.
It takes at least four days to reach Lio Matu from Marudi even when using
a good craft, with good outboard engines, and travelling under very favour-
able conditions; this will give an idea of the difficulties of communication
in the study area.

The country is mountainous and uniformly covered by thick jungle.
Communications across land are always very difficult and all the villages are
reached by water; even the rice-farms, built on the slopes of the mountains,
are usually near a stream and can be reached by prau. Consequently,
although the mountains in the study area reach an altitude of 5400 feet
(1650 m), practically all the villages and human dwellings are found at less
than 1000 feet (300 m) above sea level.

The Baram study area is situated near the Equator, between the Second
and Fourth Parallels, and it has a uniform equatorial climate. There is
practically no change in the temperature throughout the year, the mean
maximum-minimum temperature being 800F (270C) approximately. There
is very little difference in monthly rainfall, though the second half of the year
seems to have a heavier rainfall than the first half. Observations made in
Marudi during seven years showed an average annual precipitation of 110.8
inches (2814 mm); the main peak of the annual rainfall usually occurred
between September and December and a secondary peak in April was
generally noticeable. Partials records from Long Akah and Leppu Leju
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FIG. 1. DDT, BHC, AND CHECK AREAS IN NORTHERN SARAWAK
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indicate that although precipitation is heavier in the interior, the rainfall
curve follows the same trend as in Marudi.

There are practically no changes in relative humidity during the year.
Our records from Marudi have shown that the relative humidity at 8 a.m. is
nearly always above 70% and readings below 60% at any time of the day
are very rare. The climate is thus remarkably uniform and conditions are
favourable for malaria transmission throughout the year.

The people living in the Baram and Tinjar valleys belong mostly to the
Kayan and Kenyah tribes, the latter being split into various sub-groups.
Punan were also found settled in the area and following the Kayan and
Kenyah way of life. These Punan were until recently nomadic hunters and
food-gatherers, as most of their group still are. A few Chinese traders were
also living in the demonstration and check areas, but the Kayan and the
Kenyah were by far the most predominant racial groups. A census made in
the course of our work showed that at the end of 1953 the population in the
DDT test area was 5622, in the BHC test area 772, and in the Tinjar check
area 1735.

The Kenyah and Kayan tribes have, until now, had very little contact
with the outside world and have retained their old, simple way of life.
The first account of a European visiting the Baram is no more than a century
old, and what is now the Baram District was incorporated into Sarawak
only at the end of the nineteenth century. The village elders well remember
the days of head-hunting and tribal warfare.

The Kayan and the Kenyah, like the related Dayak tribes of Borneo,
live basically on rice cultivation. Irrigated rice-fields, however, are unknown
to them; the rice is always planted on the mountain slopes after the forest
has been cleared by cutting and burning. Cattle, horses, and buffaloes,
used throughout the whole of south-east Asia, are hardly known in the
interior of Sarawak, so that all the work is done by the people themselves.
With such primitive cultivation the land yields little, and the people have to
move every year to a fresh area to cut the forest and plant their rice. The
result is a scattered, thin, semi-nomadic population living in so-called
" longhouses " near the rivers and in small farm buildings on the slopes
of the mountains. A longhouse is a whole village under a single roof and
may shelter up to 100 families; this communal building lasts usually for
10 to 15 years, until the villagers, taking with them whatever timber is
still serviceable, move to another place along the river. The-longhouses
are built on poles, usually about 10 feet (3 m) above the ground, but some-
times higher. They always have a common corridor running along the house
into which open the doors leading to the rooms where the people live.
The simplest arrangement in Sarawak is for each family to have a single
room where they cook, eat, and sleep, although there is a tendency at present
to divide the family room with partitions. Furniture is practically non-
existent. The people sit and sleep on mats, which they weave themselves.
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Mosquito nets, probably a recent innovation, are now widely used, nearly
all the population in the Baram and Tinjar valleys sleeping under them;
this, as the local people explain, is done more for reasons of privacy than
as an anti-mosquito measure.

The longhouses were probably built originally for purposes of defence,
and in the Baram and Tinjar valleys they are still solid, wooden structures,
often with beams and planks of " billian " or Borneo " ironwood ", of
which the roofing is usually made also. Split bamboo for flooring and palm
leaves for roofing are seldom found in the Baram longhouses, although
they are commonly employed in the rice-farms which are intended to last
only for one year. Near the longhouses in the study area clusters of smaller
structures are to be found; they are rice-barns and are also built on poles
like the longhouses and farm buildings. No enclosures or shelters for
domestic animals are found near the longhouses; pigs and chickens move
freely under them and, in the absence of any system of sanitation, the pigs
dispose of all the garbage and also of the human excreta. Cats and dogs
roam in great numbers along the corridors, where the women work, the
children play, and the men talk in the evening.

As would be expected, mortality and morbidity statistics are not available
for such an area. In our experience the prevalence of water-borne diseases
was not high in spite of the very primitive conditions of life. From our
contact with the local people we believe that, as in other places in the interior,
pulmonary tuberculosis was the most serious health problem among the
adult population. We found also that gonorrhoea was very prevalent in
the Tinjar Valley and think that this is probably the cause of the low fer-
tility and the rapid decrease in the population of that area.

Malaria Prevalence

The pre-operational survey of the Baram area was made in November
and December 1952; although mainly children aged 2-9 years were examined,
some younger children, adolescents, and adults were also examined. The
same procedure was followed in later surveys of Baram and in other surveys
of the Tinjar check area. In this paper, however, we shall refer only to the
results in children 2-9 years old, except in the case of the pre-operational
survey of the DDT test area in Baram, for which the results in all age-groups
are included (see Table I), in order to give a general idea of the malaria
prevalence in the study area. It will be noticed that no distinction has been
made between males and females; this is due to the fact that in this survey,
as in all the surveys of the Tinjar check area, there was no significant
difference in the spleen- and parasite-rates of the two sexes.

The results of the pre-operational survey of the Baram DDT test area
show that the highest parasite-rate was found in the age-group 2-4 years,
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TABLE I. RESULTS OF PRE-OPERATIONAL SURVEY OF THE BARAM DDT TEST
AREA, NOVEMBER AND DECEMBER 1952

Age-group (years)

1 [ 2-4 | 5-9 10-14 Tadults T

Number of spleens examined 70 144 246 190 86 736

1 4 2 26 32 12 76

2 9 33 74 47 14 177

Splenic enlargement 3 4 13 39 15 1 72

4 0 1 14 7 4 26

5 0 0 0 0 0 0

Total enlarged spleens 17 49 153 101 31 351

Spleen-rate (%) 24.2 34.0 62.2 53.1 36.0 47.6

Number of blood examinations 29 63 139 98 41 370

V 4 12 18 6 1 41

F 4 6 23 10 4 47

Parasites M 1 5 8 8 1 23

Mx 0 1 1 2 0 4

G 6 15 21 7 1 50

Total parasites 9 23 49 24 6 111

Parasite-rate (%) 31.0 36.5 35.2 24.5 14.6 30.0

and the highest spleen-rate in children 5-9 years old. The rates for adoles-
cents (10-14 years old) and adults, however, were also high-an indication
that immunity or tolerance had not been acquired. In fact, it was observed
throughout the study area that adults suffered from overt attacks of malaria
with marked clinical symptoms.

The Baram DDT test area with a spleen-rate of 51.8 % in the age-group
2-9 years, as shown in Table IV (see page 685) would just fit into the defini-
tion of hyperendemic malaria. In the Tinjar check area the spleen-rate in
that age-group was below 50% in the first three surveys, but it reached
60.1 % in the fourth survey (August 1954). The malaria level in the Tinjar
could thus be considered to have risen from mesoendemic to hyperendemic
during the two-year period of the observations. The results given in Table I
seem to indicate that the malaria level was also rising in the Baram DDT test
area at the end of 1952. The parasite-rate is high when compared with the
spleen-rate; the gametocyte-rate is also high and these findings point to
a large number of new infections.

The results of the monthly examination of infants to obtain the infant
parasite-rate, or transmission-rate, are given in Table V (see- page 687).
In the Baram demonstration area we had the opportunity to collect blood
from infants during only two months prior to residual spraying. Results
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from the DDT and BHC test areas are not given separately in Table V
since no significant difference was observed, either before or after spraying,
between the two areas. It will be noticed that the infant parasite-rate was
remarkably low in the demonstration area prior to DDT spraying, and was
even lower in the Tinjar check area during the two years' observations.
From the experience of other countries in south-east Asia, spleen- and
parasite-rates such as those found in the Baram and Tinjar areas should
correspond to a higher infant parasite-rate. The indication from our
figures is that transmission in the whole of the demonstration area was low,
but, as will be shown later, there was probably more malaria transmission
than the monthly infant parasite-rate would indicate. From the results
obtained in the Tinjar it is impossible to estimate the variations in trans-
mission throughout the year, since the positive findings were so few.

Malaria Transmission

Entomological observations were made in the demonstration area before
and after spraying, and systematic observations were carried out in the
Tinjar check area over a period of 13 months. It was soon found that in
both areas A. leucosphyrus formed the bulk of the captures made in long-
houses and farms. In Long Akah mosquito captures were made in January
1953 before spraying, and out of a total of 70 A. leucosphyrus 3 gland
infections were detected. In Long Tebangan, a village on the Akah River
covered by our second DDT-spraying operation, systematic observations
were made during the months of June and July 1953. The work was carried
out by D. H. Colless of the University of Malaya, who, as a WHO consul-
tant, co-operated with the Sarawak team for three months. A full account
of his observations in Long Tebangan has been given in a separate report
(unpublished). We should like to mention here, however, that perhaps the
most important contribution of Colless's work was the finding that the
A. leucosphyrus along the Akah River, as well as those found subsequently
along the Baram and Tinjar rivers, were A. keucosphyrus D6nitz, 1901 and
not A. leucosphyrus balabacensis, the vector in British North Borneo.
Although taxonomic differences between the two types are very small,
their behaviour as vectors may be different, as will be shown later. The
sporozoite-rate found in Long Tebangan for A. leucosphyrus was 0.19%
(4 infections out of 2006 females dissected). A. barbirostris was also found
infected, there being 2 positive gland infections out of 93 females dissected.
In Long Ikan in the BHC test area 117 anopheline mosquitos were dissected,
but no infection was detected. Observations were made also in Long Akah
to find out whether the A. leucosphyrus density had been affected by the
DDT residual spraying carried out in the area.

Systematic monthly observations were carried out in Leppu Leju in the
check area from December 1953 through December 1954. Table II sum-
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TABLE II. MOSQUITO CAPTURES IN CHECK AREA, LEPPU LEJU STATION

_ ~ Mosquitos captured Mosquitos per man-hour

0 co] 7 W E_ ___"__ __

co 9 7 8 2 0 Z a~~~~~~~~~~~~~~~~~~~~~~~~~~~a

Month 70z 16 39 2 6 . . .

May 70 24 61 30 0 16 8. 0. 0 0.2

J u ne70 28 910 32 3 58 13.0 0 0.4 0
Jul2 0 2 8 0. 0 0

1953

December 60 - 370 24 0 231 6.2 0.4 0 3.9

1954

January 90 20 914 34 0 41 10.2 0.4 0 0.5

February 90 7 389 25 0 53 4.3 0.3 0 0.6

March 70 16 329 22 0 76 4.7 0.3 0 1.1

April 70 20 538 43 0 25 7.7 0.6 0 0.4

May 70 24 614 30 0 16 8.8 0.4 0 0.2

June 70 28 910 32 3 58 13.0 0.5 0.04 0.8

July 70 27 582 21 0 26 8.3 0.3 0 0.4

August 70 7 186 4 0 0 2.7 0.1 0 0

September 70 34 188 1 1 2 62 2.7 0.2 0.03 0.9

October 70 30 306 32 12 227 4.4 0.5 0.2 3.2

November 70 47 592 6 1 173 8.5 0.1 0.01 2.5

December 70 37 412 0 4 17 5.9 0 0.06 0.2

Totals |940 - 6330 284 22 i1 005 6.7 0.3 0.02 1.1

marizes the results of the monthly captures and Table III the results of the
monthly mosquito dissections. The fixed catching-stations used during the
13 months' observations were three houses in the immediate neighbourhood
of the Government fort at Leppu Leju. They were houses built on poles
in the traditional Sarawak way. One was used as a dormitory for the Leppu
Leju schoolchildren and the other two for local Government Officers.
The human bait, that is the number of persons sleeping in the houses,
varied from month to month, as,Table II shows, and this has to be kept in
mind when considering the monthly variations of mosquito density.

Mosquito captures were made every night over a period of usually a week
each month. From the beginning of the studies it became clear that no
mosquitos could be caught indoors during the daytime (except perhaps
those trapped in a defective mosquito net). Also that very few mosquitos
could be caught biting. Therefore, our adult captures were made only at
night and only resting mosquitos were caught. Since very few mosquitos
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TABLE I1. ANOPHELINE DISSECTIONS IN CHECK AREA, LEPPU LEJU STATION

A. leucosphyrus A. barbirostris

Month number number of sporozoite- number number of sporozoite-
dissected gland rate dssected gland rateinfections N d infections (%

1953

December 238 0 0 18 0 0

1954

January 774 4 0.5 29 0 0

February 374 1 0.3 25 0 0

March 327 6 1.8 22 1 4.6

April 520 4 0.8 42 0 0

May 576 6 1.0 29 0 0

June 754 0 0 30 0 0

July 475 1 0.2 21 0 0

August 174 1 0.6 4 0 0

September 181 0 0 11 0 0

October 261 0 0 25 0 0

November 488 0 0 7 0 0

December 350 0 0 0 0 0

Totals 5 492 23 0.42 263 1 0.38

Other anophelines dissected in this series were 17 A. tessellatus, 1 A. letifer, and 1 A. maculatus;
all were negative.

were captured before 8 p.m., the captures were started at that time and were
carried on throughout the night until 6 a.m.; every two hours the mosquitos
caught were counted and identified separately to determine the time when
they were most abundant in the houses. From the point of view of the spray-
ing operations, it was important to find out the height at which the mos-
quitos rested on the walls, and so we recorded separately the numbers of
mosquitos caught up to 3 feet (0.9 m), between 3 feet and 5 feet (0.9-1.5 m),
and over 5 feet (1.5 m) above the floor; a it must be remembered that the
floor was, in turn, several feet above the ground. We had planned originally
to make our captures up to 3 feet, between 3 feet and 6 feet, and above
6 feet (1.8 m), but experience showed that the 5-feet mark was more con-
venient for the local men making the captures.

Mosquito dissections were invariably done within 24 hours of the cap-
ture. The salivary glands were examined for malaria parasites only, but,

a The results of these observations are given in Table VII of the article on page 651 of this number of
the Bulletin.
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since filaria infections proved to be frequent, the thoracic contents and
proboscis were rapidly searched for filariae. We may mention here that
Wuchereria bancrofti proved to be a frequent human parasite in the Tinjar
Valley-an unexpected finding for the interior of Borneo.

The results summarized in Table II show that there was no marked
variation in mosquito density during the 13 months of observation, as would

FIG 2. SPOROZOITE-RATE, " A. LEUCOSPHYRUS " DENSITY, AND RAINFALL,
LEPPU LEJU STATION, TINJAR CHECK AREA
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hardly have been expected under the uniform climatic conditions prevalent
in the area. Fig. 2 shows that there is no clear relationship between rainfall
and A. leucosphyrus density. Numbers in mosquito captures are clearly
affected by the number of persons used as bait and we believe, therefore,
that the true curve of A. leucosphyrus density was probably flatter than it
appears in Fig. 2. As can be seen in Table II, the mosquito captures were
higher when the number of persons sleeping in the catching-stations was
also higher. We would like to add here that larval captures were made
every month in the neighbourhood of the fixed adult catching-stations,
but the number of A. keucosphyrus larvae was so disappointingly small that
the results have not been included in this report. No general conclusions,
however, should be drawn from this finding since in other places larvae of
A. leucosphyrus were found without difficulty.

FIG. 3. COMPARATIVE RESULTS OF SPLEEN AND PARASITE SURVEYS IN DDT
AND CHECK AREAS (AGE-GROUP 2-9 YEARS)
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The results of rsthe mosquito dissections in the check area are given in
Table III, and the monthly sporozoite-rate is compared with the leuco-
sphyrus density and the rainfall in Fig. 2. The sporozoite-rate was relatively
low throughout the period of our observations, the highest monthly figure
being only 1.8% in March and the average for the- 13 months 0.42%-a
low figure when compared with the sporozoite-rates for A. leucosphyrus
balabacensis in North Borneo-2.4% (McArthur 4)-and Labuan-1.6%
*(Colless 2). Our observations seem to indicate that more transmission took
place during the first half of the ye'ar than during the second half. From
January to June, 21 sporozoite infections were found, whereas from July
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to December only 2 were detected. These observations, though restricted
to a single locality, probably reflect the conditions generally prevailing in
the check area, since the results of the malaria surveys in the Tinjar point
in the same direction. Fig. 3 and Table IV show that the spleen- and para-
site-rates in each August survey were higher than the spleen- and parasite-
rates in the preceding survey. Thus, the epidemiological evidence seems
to indicate that there was more malaria transmission between February
and August than during the last part of the year.

TABLE IV. RESULTS OF SPLEEN AND PARASITE SURVEYS
(AGE-GROUP 2-9 YEARS)

DDT test area Check area

date of survey date of survey

November- November November
December 1953 1954 March August February August
1952 (pre- (1 st post- (2nd post- 1953 1953 1954 1954
operational) operational) operational)

Number of child-
ren examined 390 272 506 72 76 147 138

Enlarged spleens 202 89 127 20 28 49 83

Spleen-rate (%) 51.8 32.7 25.1 27.8 36.8 33.3 60.1

Average enlarged
spleen 2.3 1.8 1.4 1.5 1.9 1.8 1.8

Number of blood
examinations 202 134 253 33 48 67 79

Positive blood
samples 72 11 4 6 12 16 31

Parasite-rate (% 35.6 8.2 1.6 18.2 25.0 23.9 39.2

Colless,2 studying the sporozoite-rate and density of A. leucosphyrus in
the small island of Labuan, off the coast of Borneo, concluded that a larger
mosquito population was associated with a higher sporozoite-rate and that
the population increased following the increase in rainfall. Before our
studies, Colless's work provided the only information available on the
periodicity of malaria infections in anopheline mosquitos of Borneo, and
it will be seen that our observations made in the Tinjar Valley do not
confirm the findings in Labuan. Conditions on the coast and in the interior
are different and the vectors responsible-A. leucosphyrus balabacensis in
Labuan and A. leucosphyrus Donitz in the Tinjar-are also different. In
our experience the higher sporozoite-rate found in the first half of the year
does not seem to be related to an increased vector density or to a heavier
rainfall.

This brings us to the problem of how to explain the low infant parasite-
rate in the study area, particularly in the Tinjar Valley. In the fixed catching-
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stations of Leppu Leju it was possible to calculate the potential risk of
infection. We assumed that the mosquitos caught there would normally
have fed in one night, which was probably true, since it was observed over
a period of 94 nights that the mosquitos captured at the end of each night
were nearly all engorged. The total number of sporozoite infections de-
tected was 24 (23 in A. leucosphyrus and 1 in A. barbirostris). The calculated
number of sporozoite infections in one year would be 93.2. This, divided
by the average human bait, which was 28.4 persons per night, gives 3.3,
which is the number of infective bites to which a person would be exposed
during a year in the houses in which our observations were made, assuming
that all the leucosphyrus and barbirostris attracted to the human dwellings
would feed on human blood. By Sarawak standards, there were very few
domestic animals in the catching-stations in Leppu Leju. Two houses had
no animals at all; one of them was the school dormitory where most of the
mosquitos were caught. Although precipitin tests were not carried out, we
are inclined to think that the great majority of mosquitos captured had
been attracted by man and were feeding on human blood and that therefore
the number of infective bites to which a person would be exposed during
a year is unlikely to be much below the calculated figure.

The spleen- and parasite-rates among the schoolchildren living at
Leppu Leju were approximately the same as those found among the children
in the whole of the Tinjar check area, so that the risk of infection to which
they were exposed would produce spleen- and parasite-rates similar to
those found in the two 1954 surveys of the Tinjar. A calculated risk of
3.3 infective bites may appear too high for the spleen- and parasite-rates
found, but it must be noted that malaria was definitely on the increase in
the area during 1954. What seems utterly disproportionate to the spleen-
and parasite-rates and to the number of infections observed in anophelines
is the low infant parasite-rate (Table V). Of all the possible explanations
we believe that the simplest one-namely, that the babies were effectively
protected by mosquito nets-is the most plausible. The results of the serial
captures made during the night at the Leppu Leju station showed that both
A. leucosphyrus and A. barbirostris came to the houses late in the night. The
distribution of the two species, based on the results of all the captures made
during the 13 months of observation, is given in Table VI. As can be seen,
the greatest number of resting A. leucosphyrus was caught between midnight
and 2 a.m. The peak of A. barbirostris activity appears to be earlier, between
10 p.m. and midnight, and this was also observed by Colless in Long
Tebangan. Therefore, the risk of infection in the evening hours appears to
be small, and a baby put inside a mosquito net early in the evening will be
well protected against the mosquitos visiting the house in the night.

An indication of the host preference among the local mosquito species
was obtained by comparing the results of house captures with those of
stable trap captures made with an animal bait at Leppu Leju. Since these are
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TABLE V. 'RESULTS OF INFANT PARASITE SURVEYS

Test area Check area

born before spraying born after spraying
ate of

survey Da CD ,
.o.E_ a~~~c a> -_ _(D > > Ed4

E E E~ E0 c JOcC
:3 o 0 C:U) 3 13 3 C:aj)ca a~~~~~caL_0

1952

November

December

1953

February

March

April

May

June

July

August

September

October

November

December

1954

January

February

March

April

May

June

July

August

September

October

November

December

1955

January

34

99

95

64

44

21

35

22

13

3

9

19

4

16

7

0

1

0

0

0

2

0

0

0

11.8

16.1

7.4

0

2.3

0

0

0

15.4

0

0

5.3

0

37

6

25

8

39

21

31

48

68

27

16

33

43

52

45

89

36

0

0

0

0

0

0

0

0

0

0

0

0

0

0

O

0

0

0

0

2.6

0

0

0

0

0

0

0

0

0

0

0

0

155 1 0.65

70

87

29

0 0

0 0

0 10

7

16

13

26

6

19

6

21

6

11

31

11

12

8

10

0

2

0

2

02

0

0

O
O
O

0

6.2

0

7.7

0

5.3

16.6

9.5

0

0

3.2

0

0

0

0
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TABLE VI. CAPTURES OF '" A. LEUCOSPHYRUS" AND "A. BARBIROSTRIS "
IN 2-HOURLY PERIODS AT LEPPU LEJU STATION

probably the first stable trap captures made in Borneo, we feel that a short
summary of the results should be included here. The captures were made
using a portable trap of the type described by Bates ; 1 since no calves or
donkeys were available in the area, a pig was used as bait. The trap was
run for 63 nights from April through December 1954. The results of the
stable trap captures are compared with those of the house captures in the
tabulation below:

Stable trap captures

number

884
343

1 227

(/)

72.1
27.9
100.0

House captures

number (0/)

774 10.4
6 661 -89.6

7435 100.0

The total number of mosquitos caught in the trap baited with the pig
was comparatively small, but the results show clearly that the culicines were

much more attracted by the pig in a trap than by the human beings in a
house, the reverse being the case for the anophelines. There was a great
difference in the distribution of anopheline species in the two types of
captures. The percentage distribution was as follows:

A. leucosphyrus
A. barbirostris
A. tessellatus
A. maculatus
Other anophelines

Stable trap captures House captures

9.9 95.6
3.5 4.1

65.6 0.3
16.3 0.0
4.7 0.0

100.0 100.0

From this series of comparative experiments it appears that A. leuco-

sphyrus was much more attracted by humans than by a pig. A. barbirostris

A. leucosphyrus A. barbirostris
Period number % number o

captured captured

20.00-22.00 hours 430 6.8 34 12.0

22.00-24.00 1 303 20.6 92 32.2

00.00-02.00 1 850 29.3 78 27.8

02.00-04.00 1 537 24.2 42 14.7

04.00-06.00 1 210 19.1 38 13.3

Totals 6 330 100.0 284 100.0

Culicines
Anophelines
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did not seem to be affected by the type of bait, whereas A. tessellatus and
A. maculatus were clearly more attracted to the trap baited with a pig than
to the human dwellings. These results seem to indicate that A. leucosphyrus
is strongly attracted by man but may nevertheless feed on domestic
animals such as pigs.

Spraying Operations

To ensure the greatest protection, all the inside walls and partitions in
human dwellings were sprayed as far as could be reached with the equip-
ment employed (Lofstrand 250-AP sprayers and 6503 nozzles). The fact
that some anophelines where caught above 5 feet (1.5 m) made us decide
to spray as high up as possible, usually up to 10 feet (3 m). Since mosquitos
had also been found resting under the platforms of the longhouses, it was
decided to spray the supporting poles and the undersurface of the plat-
forms as well. All human habitations, i.e., longhouses and rice-farm
buildings, were regularly sprayed. Rice-barns, found near all the Kayan
and Kenyah longhouses, were not sprayed, since no human beings or ani-
mals slept in them during the night. As can be imagined, reaching the scat-
tered rice-farms was the most difficult and time-consuming part of the spray-
ing operations. It was felt, however, that since people lived there for several
months, sometimes for half a year, the spraying of these farms was necessary.
The existence of such farms or temporary shelters presents a serious obstacle
to malaria control in many tropical countries. In some places it has been
considered impracticable to spray these temporary shelters regularly owing
to the difficulty of reaching them. But the example of South Viet-Nam
(Farinaud & Choumara 3) shows that to leave them unprotected is to leave
a great deal of malaria transmission unchecked. Since our aim in Sarawak
was to find out whether or not residual insecticides could control leuco-
sphyrus-carried malaria, we decided to spray all human dwellings regardless
of difficulties. The following were the dates of spraying:

1st DDT spraying - January-February 1953
2nd ,, ,, August-September 1953
3rd ,, ,, - March 1954
4th ,, ,, September 1954

Sprayings in the BHC test area were started in March 1953 and were repeated
regularly every three months through 1954. DDT in the form of a 75 %
suspension of wettable powder was applied at the rate of 2 g of DDT
(technical grade) per M2 sprayed. BHC in the form of a 50% suspension
of wettable powder was applied at the rate of 0.10 g ofgamma isomer per M2.

Spraying operations were started in 1953 on the assumption of perennial
transmission in the study area. Though the evidence collected later showed
that transmission was by no means uniform throughout the year, it could
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not be said to prove that any part of the year was free from malaria trans-
mission, and we considered, therefore, that the safest policy was to spray
with DDT every six months and with BHC every three months. What we
did find necessary was to fit our spraying operations into the agricultural
activities of the local people. Experience showed that in Baram the rice-
farms were usually completed by the end of August, and that September was
therefore the best month to carry out spraying operations. The next
spraying could be done six months afterwards without difficulty.

The first DDT spraying was limited to the Baram Valley, but the
second spraying was extended to the Patah and Akah rivers, two tributaries
of the Upper Baram, thus covering a more well-defined geographical unit.
Transport of insecticides up-river was always difficult, and to solve the
problem an air-drop of DDT supplies by the Royal Air Force at Lio Matu
was arranged by the Director of Medical Services. The drop took place
in February 1954 and the parachuted DDT was used during the operations
of March and September.

An analysis of the DDT-spraying operations and a summary of the cost
of operations are given below.

ANALYSIS OF DDT-SPRAYING OPERATIONS, MARCH AND SEPTEMBER 1954

1. Average superficial area sprayed per family: longhouse partition and rice
farm ...... . . . . . . . . . . . . . . . . . . . . . . 262 m'

2. Average superficial area sprayed per capita .. ....... . . . . 38 ml

3. Superficial area sprayed per man-hour:
(a) actual spraying ..... . . . ......... . . . . . . . 260 m'
(b) including traveling ..... . . ........ . . . . . . . 120 m2

4. Proportion of time spent in travelling to total time required for operations 54%

COST OF DDT-SPRAYiNG OPERATIONS, MARCH AND SEPTEMBER 1954

US$ %
1. DDT, including freight to Sarawak . . . . . . . . . . . . 1646 64.5
2. Spraying equipment, depreciation * . . . . . . . . . . . . 52 2.0
3. Transport: petrol consumption and depreciation * of praus and

outboard engines ................. . 192 7.5
4. Salaries, spraying squads ................ . 664 26.0

2554 100.0

Annual cost of spraying operations, US$ 2554
Number of persons directly protected, 5622

v Figures are calculated on a yearly depreciation of 50% for sprayers, praus, and outboard engines.

Estimates are based on the operations carried out in 1954, when the
area was well known and when the times of spraying were settled. The
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cost per person peryear-US$ 0.45-is relatively higha and this is due mainly
to two factors: the difficulties of communications (54% of the time was
spent in travelling), and the need to spray two dwellings for each family
(their room in the communal longhouse and their individual rice-farm).
This, as we have already explained, could not be avoided, but we believe
that further experience may show that the surface sprayed, and therefore
the amount of insecticide used, can be reduced. For instance, the spraying
of the supporting platforms under the longhouses may not be necessary
as a routine measure. It was only done as a precaution needed in a first
trial of residual insecticides to ensure the greatest possible protection.

Effect of Residual Insecticides

Fig. 3 and Table IV (see pages 684 and 685) show clearly that DDT spray-
ing produced a marked drop in spleen- and parasite-rates; in the Tinjar check
area there was no decrease in malaria; on the contrary, there was a distinct
rise in the spleen- and parasite-rates. Table V (see page 687) shows that,
with only two exceptions, the infants born after the first spraying opera-
tions remained free from malaria. Moreover, in both positive cases it was
possible to prove that the babies had been living in unprotected dwellings,
one in a rice-farm built shortly after a round of spraying, and the other
in a longhouse rebuilt shortly after spraying. We have no proof, there-
fore, of malaria transmission taking place in protected dwellings, but these
two cases show clearly the difficulties of protecting by residual spraying a
semi-nomadic population.

We consider the results of both the malaria surveys and the infant
parasite surveys to be satisfactory. It is true that in the November 1954
survey the parasite-rate in the Baram DDT test area was still 1.6 %, but it
must be kept in mind that the population had been protected by DDT for
only 21 months (from March 1953 to November 1954) and that, since the
parasite-rate was reduced from 35.6% to 1.6% during this period, its
reduction to zero can be expected in the near future.

Regarding the main vector in the area, A. leucosphyrus, the results
showed that it was present in the DDT test area one year after the first
spraying and, although observations before spraying were made for only a
short period of time, we do not believe that its population size was affected
by the spraying of houses. This would hardly be expected in view of the
sparse population in the study area and the enormous number of A. leuco-
sphyrus breeding in the forest without coming into contact with human
beings and their habitations.

a The price of the 75 % DDT wettable powder purchased for the operations discussed above was
USSo.50 per pound f.a.s. New York. Since 1952 a great reduction has taken place in the price of DDT. By
early 1955 the cost of one pound of 75% wettable powder f.a.s. New York was only US$0.24, and this
means that if we had been able to use this cheaper DDT, the cost of the above-mentioned operations would
have been reduced to approximately US$0.33 per person directly protected.
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Results from the BHC test area were similar to those obtained in the
DDT test area and were as follows:

Survey Number of spleens Spleen-rate Number of blood Parasite-rate
examined (%) examinations (C%,)

November-December 1952 73 41.1 35 31.4
November 1953 33 12.1 18 0.0
November 1954 139 14.4 69 2.9

The sample here (772 people protected by BHC) is too small to draw any
definite conclusions; but even assuming that BHC spraying, which must be
repeated every three months, could produce as good results as DDT, it
could never be the method of choice in Sarawak because of the great diffi-
culties of communications and transport.
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R1tSUMI2

A la suite de l'enquete effectuee sous les auspices de l'OMS, un programme de lutte
antipaludique a ete mis en ceuvre dans les vallees peu peuplees du Baram et de ses affluents,
dans la partie septentrionale de Sarawak. Trois zones ont ete choisies: dans l'une, on a
applique 2 g/m2 de DDT sous forme de suspension a 75% de poudre mouillable; dans la
deuxieme, 0,10 g/m2 d'isomrre gamma sous forme de suspension a 50% de poudre
mouillable de HCH; la troisieme servait de temoin.

Anopheles leucosphyrus Donitz 1901 est le vecteur principal. Sur 7568 anopheles
disseques, 30 presentaient des glandes infectees. A. barbirostris est un vecteur d'importance
secondaire.

Les resultats des pulv6risations ont ete satisfaisants. Dans la zone traitee au DDT,
l'indice splenique est tomb6 de 51,8% (dans le groupe d'age de 2-9 ans) a 25,1 % et
1'indice parasitaire de 35,6% A 1,6% en 21 mois. Le HCH donna des r6sultats analogues.
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On estime que, dans ces conditions, 1'eradication du paludisme pourrait etre envisagee
dans un avenir assez proche.

Malgre son efficacite, le HCH, qui doit etre applique quatre fois par an, ne peut 'tre
utilise dans les campagnes antipaludiques a l'interieur du territoire de Sarawak, ou les
voies de communication sont insuffisantes. Le DDT, en deux pulverisations annuelles,
est de ce fait preferable. Le cout de la campagne, par personne protegee et par an est
assez eleve ($0,45), car il faut prevoir le traitement non seulement des <maisons com-
munes)> mais aussi des huttes de rizieres que les populations semi-nomades construisent
chaque annee, et faire face aux difficultes de transport et de communication qui sont
consid6rables.
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