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Mauritius is a small reefed island of volcanic origin, situated in the
Indian Ocean some 500 miles (800 km) east of Madagascar. There is a
population of over 460,000 persons, of whom the greater part are Indian,
and which also includes the local Creoles of African extraction, Chinese,
and a small white community. The chief industry of the island is sugar,
harvested during the spring months of August to December. The climate
is subtropical, with heavy rainfall up to 200 inches (500 cm) per annum
on the central plateau and as little as 25 inches (63 cm) on the leeward
side of the island. Mauritius is visited at intervals by destructive cyclones
which have a severe effect upon the island's economy. There is a flat
coastal plain, widest in the north, rising steeply to a central plateau of
1,000 to 1,800 feet (300 to 550 m) where the majority of the white community
lives. Here the weather is cooler and malaria is far less prevalent than on
the coast. Originally settled by the Dutch in the 17th century, Mauritius
became a haven for pirates until the colonization by the French in 1715.
In these early days there was no malaria, as the vector Anopheles mosquito
had not yet found its way to Mauritius. In 1810, the British took possession
and were later granted the island under the Congress of Vienna. During
the succeeding years, under the system of indentured labour, Indians,

* Also issued, in a limited edition, by the Government Printer, Port Louis, Mauritius, November 1950
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chiefly from the Deccan and bearing the parasite of malaria in their blood,
poured into the island. Sometime, probably in the early 60's, some Ano-
pheles mosquitos succeeded in coming ashore from a ship anchored in
Port Louis harbour. These mosquitos were certainly brought to Mauritius
from the African mainland or Madagascar, and they were dangerous
carriers of malaria. It was thus, from the area around the town of Port
Louis, that the disease began to extend. In the year 1867 there was a severe
epidemic. In Port Louis, with a population of 47,000, there were more than
6,000 deaths in the month of April alone. The death-rate for the whole
colony for the year rose to the high figure of 120 per thousand. The disease
rapidly encircled the island and little could be done to check its progress.

Sir Ronald Ross himself visited Mauritius in 1908 and advised the
authorities how best to combat the disease. The dual problem created by
the presence of both A. gambiae and A. funestus, breeding as they do in
opposite conditions of light and shade, made control of breeding difficult.
Drainage and canalization were not adequately planned and executed,
and the cyclones and heavy rains soon nullified the effect. However, in
1945-6, a well planned programme was begun, incorporating both major
works (canalizing and cleaning of streams, drainage of marshes) and the
oiling of breeding-places which might harbour the larval stages of the
Anopheles mosquito. This work began to have decided and permanent
effect and, by 1948, the heavily populated central plateau and the town of
Port Louis were relatively free from malaria, and two marshes constituting
a serious problem had been drained in the northern district of Pample-
mousses. The greater part of the remainder of the island presented a high
incidence of malaria with its accompanying effect on the general health
and industrial efficiency of the community. This, then, was the situation
when, in 1948, the Government of Mauritius in conjunction with the British
Colonial Insecticides Committee determined to sponsor a malaria-eradi-
cation scheme.

The work proposed was an experiment in the elimination of malaria,
in the first instance, by the application of residual insecticide formulations
to vector-mosquito feeding- and harbouring-places, followed if considered
necessary by applications to breeding-grounds, and then, if required, by
any other measures. Accordingly, a research team, comprising an officer
in charge, an entomologist, a chemist, and six field officers, was appointed
by the British Colonial Insecticides Committee to organize the experiment
and to interpret its results.

Arriving in Mauritius in November 1948, the team proceeded to set
up the two branches of the organization: one for the spraying of residual
insecticide in houses and outhouses, and the other for the collection of
scientific data to demonstrate the progress of the experiment. Inevitably
these two branches overlap in many respects, and both are considered in
detail in the rest of the report.

444



ERADICATION OF MALARIA IN MAURITIUS

1. Organization

For ease of spraying administration, the island was divided into six
districts, each one controlled for the purposes of the experiment by a field
officer, living within easy reach of his district headquarters and store. The
details of general organization of personnel are shown in fig. 1.

FIG. 1. ORGANIZATION OF PERSONNEL OF MALARIA-CONTROL TEAM
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2. Insecticides

In the spraying of the island, it was decided to employ the three follow-
ing formulations (see fig. 2):

Zone I ... ... Technical DDT 80% p,p'-isomer in kerosene
Zone II ... ... DDT 50% wettable powder
Zone III ... ... BHC (gammexane) 50% wettable powder

Clerk
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FIG. 2. ZONES OF MAURITIUS SPRAYED WITH VARIOUS INSECTICIDES

These three formulations were prepared in standard 5% mixture and
an attempt was made to apply a surface dosage to walls and ceilings of
between 0.10 g and 0.15 g of DDT or BHC per square foot (about 1.1-1.6 g
per m2). This was controlled by means of careful supervision and checked
regularly by chemical estimation.

The two wettable-powder suspensions were prepared daily at district
stores for use on the following day. The kerosene solution, however,
was prepared centrally on a large scale, using a steam-heated tank and
compressed-air agitation. By this means, batches of 3,000 gallons
(13,700 1) were mixed and barrelled for distribution to districts.

More-detailed comparisons of the effects of the residual insecticides
follow later (see section 8).
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3. Spraying
3.1 Method

By arrangement with the Medical and Health Department of the Govern-
ment of Mauritius, a detailed house survey with the preparation of a
census and rough, large-scale maps of each district was carried out before
the arrival of the team. With very few exceptions, every house was
numbered and recorded together with block and map reference. This
survey, admirably executed, enabled the organization and training of
district staffs to proceed without delay.

The principle of this campaign has been to spray all the inside surfaces
of every possible resting-place for adult Anopheles mosquitos. This means
that not only houses, but churches, temples, warehouses, factories, out-
houses, stables, cattlesheds, goatsheds, etc., must all have their walls and
ceilings covered with a lethal dose of insecticide. To ensure that this
is in fact carried out necessitates a very thorough system of checking.
Careful records are kept of every house and outhouse treated so that,
in the event of some query or complaint at a later date, it is an easy matter
to find out the actual date of spraying, the names of the junior overseer
and labourers responsible for the work, and any further details noted
at the time.

Householders are given one or two days' notice of the date of spraying
by the district staff, so that they have sufficient opportunity to remove
valuables and ornaments, or, in the case of shops, to dispose temporarily
of perishable goods. All valued furniture and belongings are covered
up before spraying begins and, in the majority of cases, the sackcloth
sheets carried by the spray gangs are adequate for the purpose. Every
attempt is made to concede to the owner's requests, and this care applies
above all to churches, mosques, temples, and other similar buildings,
in which local customs are observed in every way so as not to offend the
religious community involved.

3.2 Difficulties encountered

In such a scheme, involving as it does the large-scale entry of men
into private houses in the course of their work, it was to be expected that
many difficulties would be encountered. During the early weeks of the
campaign, many householders refused to co-operate with the spray gangs.
As the effect of the spraying became known, however, people were more
readily persuaded to allow entry into their houses. An ordinance was
already in existence making it an offence for inhabitants to refuse admis-
sion to their houses for the purpose of searching for mosquitos and for
spraying with residual insecticide. This ordinance, however, had to be
enforced only on two occasions during the year 1949, in spite of the very
large number of houses sprayed.
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" Closed houses " presented a serious problem, particularly during the
sugar-crop months of August to December. During these months the
householders with their entire families leave their houses at an early
hour in the morning to work on the estates all day. As they were usually
unwilling to leave the keys even with their neighbours, entry for spraying
purposes was made very difficult.

It has long been the custom in Mauritius for the walls and floors of
houses in the coastal districts to be replastered with fresh mud and dung
mixture during December, in preparation for the New Year festivities.
This custom is a long-established one, and, in spite of the repeated requests
by our staff, the population continued to cover up the surface deposit of
insecticide with fresh plaster.

Reports from all districts after the first spraying had been completed
showed that the general population was more than satisfied with the dra-
matic effect of the insecticide. After the second spraying, however, it was
noted that the reduction in insects was not so striking. Flies, cockroaches,
and many culicine mosquitos were again to be found in large numbers in
the houses, and the general impression was that the second spraying had
been less effective than the first. In this connexion, it is interesting to
note the following extract from the 1948 annual report of the similar
scheme in British Guiana: " There have been universal complaints from
every area resprayed that subsequent applications have not been as
effective as the first..." 2

In order to combat these various difficulties, and to explain the apparent
failure of the second spraying, a large-scale publicity campaign was initiated.
By means of broadcasts, press conferences, lectures, meetings, and the
distribution of posters and leaflets, the aims of the eradication scheme and
the results achieved were brought to the notice of the general public. At
the same time, the active co-operation of the village councils and schools
was enlisted in the holding of antimalaria days in towns and villages through-
out the island.

3.3 Equipment
Two types of hand sprayers have been in use throughout the campaign
(1) Four Oaks " Kent" pattern, fitted with brass extension lances and

with a nozzle aperture of 1/32 inch (0.8 mm)
(2) Four Oaks, flat knapsack pattern, similarly fitted.
Of these two machines, the flat knapsack pattern has proved to be more

reliable in the field and considerably easier to clean and repair.
Two power sprayers have been used and found invaluable for larger

buildings:
(1) Lister S.S.2 motor pump with Ministry of Agriculture auxiliary

spraying equipment and trigger-release spray lance.
(2) Aerostyle motor sprayer, model II.

448



ERADICATION OF MALARIA IN MAURITIUS 449

3.4 Chemical check

During the two sprayings of the island, continual check was carried out
to ensure that an adequate but non-excessive dosage of insecticide was
applied to all treated surfaces.

Random samples of the three insecticide formulations in use, namely
gammexane wettable powder (50% BHC), DDT wettable powder (50%
DDT), and technical DDT (80% p,p'), were taken regularly as the drums
were opened. Samples of all solutions or suspensions prepared in each
district store were analysed frequently, and further samples were taken
from the nozzles of the sprayers themselves during the actual spraying.
This latter was particularly important in the case of suspensions, where
continual shaking of all containers used is essential if a consistent treatment
is to be obtained. In the early stages of spraying a 5% suspension was
sometimes found to fall as low as 1% at the nozzle, but, when the import-
ance of continual mixing had been appreciated, only small variations
were found.

Surface deposits were checked mainly by the use of small test papers
attached to the walls and ceilings of a proportion of all buildings sprayed,
the aim being to cover the work of each spraying gang as frequently as
possible. Careful supervision was essential at first to prevent preferential
treatment to these papers, but when their purpose was understood this
was no longer necessary. While the spray gangs were still in training, a
high variability in dosage was recorded, but, as they acquired proficiency,
the applied dosage approached more closely the intended level of 0.10-
0.15 g of DDT and BHC per square foot (about 1.1-1.6 g per m2).

There is still too much variation in the dosage, and the mean figures
obtained from the three zones are considerably higher than required.
Every attempt is being made to lower the dosage and to standardize the
methods of application so as to prevent wastage of insecticide.

The mean dosages obtained were as follows:

Zone Number of Mean surface dosage in mgZone estimations per square foot per m'

DDT kerosene . . . . . . . . . . . . 766 24la 2,594
BHC wettable powder . . . . . . . . . 366 184 1,980
DDT wettable powder . . . . . . . . . 759 189 2,034

All estimations were carried out by the dehydrochlorination method
using alcoholic potash followed by Volhard titration. The Alessandrini1
colorimetric method was tried but found to be inconvenient for extensive
routine use, and of a very limited accuracy owing to the unstable and
inconsistent nature of the colours produced.

a The figure for surface deposit from DDT/kerosene is high owing to the very variable dosage applied
in the early stages of the work. The mean deposit in the spraying now in progress is of the order of 0.16 g
DDT per square foot (about 1.7 g per mi).
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3.5 Area and population protected

During the first spraying, which began in January 1949, a large area,
some 200 square miles (500 km2) in the central highlands, was omitted.
This area, in which considerable antimalarial work had been carried out,
was apparently free from vector mosquitos except for occasional adults
brought up probably by vehicle from the coastal zone. In the second
spraying, the central area was extended, and a " barrier" technique was
employed in the two large towns of Port Louis and Mahebourg; that is
to say, treatment with residual insecticide was confined to the outskirts of
the town, a method already used with success in British Guiana.3
A third spraying is in progress at the moment. Details of the three

sprayings are given below:

Number Number of
of rooms inhabitants
sprayed b protected

Spraying I . . . . . . 376,998 324,181
Spraying II . . . . . . 223,725 188,750
Spraying III (incomplete) 119,474 101,216

4. Cost Data

The total cost of the eradication scheme from 1 July 1948 until 30 June
1950 was as follows:

£ s. d.

Financial year 1948-9 . . . 83,937 2 0
Financial year 1949-50 . . . 66,279 6 0
Total estimated expenditure . 150,216 8 0

It is interesting to note that, for the comparatively small cost of 3s. 3d.
per head of population per year, the transmission of malaria, under
conditions prevailing in Mauritius, has been considerably reduced since
the beginning of the experiment in January 1949.

5. Malariometric Data

5.1 Spleen and parasite surveys

Shortly after the arrival of the team in Mauritius, a spleen and parasite
survey was carried out, covering a representative number of children of all

b As a certain proportion of the buildings sprayed are not dwelling-houses, but churches, temples,
barns, warehouses, goatsheds, cowsheds, latrines, etc., the term " rooms" which includes all rooms
sprayed, both domestic and non-domestic, has been used in preference to "houses ".
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ages from birth to 15 years of age. Children were examined standing, and
the following nomenclature used for describing spleen size:

P1 ... Just palpable, and less than one finger's breadth below the costal
margin.

P2 ... More than one and less than two fingers' breadths.
P3 ... More than two and less than three fingers' breadths.
P4 ... More than three fingers' breadths below.
Blood-slides, thick drops, were taken from each child, and were examined

in the unit laboratory. Each drop, stained with Giemsa, was examined for
five minutes, and the number of parasites found recorded and identified.
In this way a comparison was obtained as to the distribution and prevalence
of parasite species and their intensity in the blood.

FIG. 3. PERCENTAGE OF EACH SPECIES OF PLASMODIUM IDENTIFIED IN THE
THREE SURVEYS
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A second survey was camried out at the end of the initial spraying
campaign in 1949, and a third survey has just been completed. The results
make interesting comparison and are given below. Study of the figures
obtained reveals certain general trends which have become apparent
since the beginning of the campaign in January 1949

(a) diminution in spleen size and spleen-rate
(b) diminished proportion of Plasmodium fakciparum
(c) decrease in parasite intensity
(d) striking reduction in parasite-rate.
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Number of
children
examined

First survey, 1948 ........ . 3,585
Second survey, 199 .12,105
Third survey, 1950 ........ . 14,526

Rates for whole island
spleen-rate parasite-rate

34.8 9.5
15.3 2.4
2.8 0.36

The percentage in each spleen-size group was as follows:
P1 P2 P3 P4 Total spleen-rate

First survey, 1948.....
Third survey, 1950 ....

75.5 19.1
83.8 12.2

4.6 0.8
3.5 0.5

34.8
2.8

5.2 Malaria parasite-rates in infants

There is a further way in which the transmission-rate of malaria in a
community can be measured, and this is the examination of children born
since the first spraying in their locality has been completed. Although
only the malarious coastal areas have been included in this scheme, the
parasite-rate among the children is very low, as can be seen from the
following:

Age-group

0- 3 months . . .

4- 6 months . . .

7-12 months . . .

Over 1 year . . .

Total all ages. . .

Number of
children
examined

1,621
1,626
3,114
704

7,065

Number of
positive

blood-slides

3
4
10
2
19

Parasite-rate

0.19
0.25
0.32
0.28
0.27

5.3 Malaria morbidity

These encouraging figures suggest that the transmission of malaria is
of a very low order. This is supported by the fact that the number of cases
notified by hospitals and dispensaries as being malaria during the seasonal
months of January to June of 1950 shows a reduction of 86.0% on the
previous record year of 1948. A system is also in operation whereby blood-
slides are taken by the dispensaries from a large proportion of such notified
cases before the administration of treatment. These slides, thick drops,
are stained and examined in the laboratory for the presence of malaria
parasites. Out of some 1,760 slides so examined only 53 were found to be
positive, or 3.0%. Many of these positive cases may be relapses of the
disease. The remaining 97% of the notifications probably represent the
many other types of fever common in tropical countries. These blood-
slides have been collected over a period of 9 months, from January until
September 1950, and show a low parasite-rate in spite of the heavy rainfall
during the summer months. Fig. 4 shows the malaria notifications from
the district of Flacq during the years 1948, 1949, and 1950. This district
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FIG. 4. CASES OF MALARIA NOTIFIED BY DISPENSARIES AND HOSPITALS,
FLACQ, 1948-50
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has been chosen for representation as it is an ideal experimental one for the
purpose of the eradication scheme. There have been no other large-scale
antimalaria measures (drainage, canalization, etc.) carried out in this
district. The year 1948 was a normal year for malaria in Flacq.

6. Vital Statistics

Much of the interpretation of progress of the campaign necessarily
involves studying the vital statistics of the island. These statistics should help
to indicate the influence of the reduction of malaria upon the health of the
community. The figures quoted below would suggest that a definite improve-
ment has indeed taken place as far as can be deduced from mortality-rates.
When studying these figures, it should be remembered that the extensive
antimalarial works, especially in the centre of the island, have been respons-
ible for a considerable fall in malaria in this region from 1947 onward.

Total annual death-rates for 1934-49 were:
Mean rate 1934-48 (per 1,000 mid-year population)
Range 1934-48..............
Rate per 1,000 for 1949 ...........

The figures for infant mortality for 1934-49 are:
Mean rate 1934-48 (per 1,000 live-births). ...
Range 1934-48..............
Infant mortality-rate for 1949 .........

27.2 ± 3.37
20.1 to 36.1
16.6

150.0 1 19.2
113.9 to 188.0
91.0
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Malaria death-rates during the epidemic first six
months of years 1934-50 were:

Mean malaria death-rate for 1934-48 (per 10,000
population) .

Range 1934-48..............
Rate per 10,000 for 1949 ...........
Rate per 10,000 for 1950 ...........

Total death-rates during first six months of years
1934-50 (expressed as rates per annum) were:

Mean rate 1934-48 (per 1,000 mid-year population)
Range 1934-48..............
Rate per 1,000 for 1949 ...........
Rate per 1,000 for 1950 ...........

32.2 ± 8.07
21.0 to 47.1
12.9
4.9

28.0 ± 4.22
20.6 to 38.4
16.8
14.7

7. Entomological Data

Since the arrival of the team in November 1948, a careful check has
been maintained on the mosquito population, particularly in the adult
stage. Some 5,500 houses, scattered evenly throughout the island, were
selected at random to form catching stations. Flitted regularly once a
month by trained mosquito boys, these catching stations provide some
evidence of the effect of residual insecticide on the domestic mosquito
species. At the same time, a detailed search has been carried out regularly
both by whole-time skilled personnel and also, in inter-spraying periods,
by district staffs, for the breeding-places of anopheline larvae. Catches
of adult mosquitos in houses, by the routine method mentioned above
and also by large-scale " massed catching" during 1949 and the first half
of 1950, show a reduction in numbers, after spraying, of the two Anopheles
vector mosquitos and of Aedes aegypti, as shown below:

Before spraying .....

After spraying ......
Reduction (%).

Number
of houses
flitted

7,767
76,246

Anopheles Anopheles
gambiae funestus

2,486

703

97.1

31,196

474

99.9

In the early stages, it was unfortunately not found possible, chiefly
owing to lack of skilled personnel, to set up a comparable organization
for the collection of larvae. Sufficient material has been gathered regularly,
however, from all regions of the island to indicate the extent of anopheline
breeding during the various seasons. When the figures given above for
numbers of adult mosquitos caught are considered in conjunction with
the more scanty records available from larval searching, two interesting
points come to light.

Aedes
aegypti

1,716
1

99.9
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First, A. funestus, originally the more severe carrier of malaria in
Mauritius, especially in that it transmits the disease during the winter
months, has been virtually eliminated. With the exception of two small,
sparsely populated areas on the coast, this previously very common mos-
quito has not been found either in adult or larval form since June 1949.
A similar effect has been observed on Ae!des aegypti.

The second point of interest is that A. gambiae, although apparently
considerably reduced in numbers by residual house spraying, has been
found breeding throughout the coastal zone after the heavy rains in March
and April of this year. It has already been remarked that malaria trans-
mission is of a very low order ; indeed, during the epidemic months of 1950,
the number of cases of the disease notified monthly has continued to fall,
in spite of the presence of A. gambiae.

This development would appear to be in accordance with the behaviour
of A. gambiae as reported on the African mainland.4

In the course of a number of observations carried out recently, it has
been demonstrated that A. gambiae is still entering unsprayed, new houses
and cowsheds in large numbers (as many as 98 gambiae in a house and
306 in a cowshed) while the nearby sprayed buildings remain negative.
It was therefore decided that, in order to complete the eradication of the
vector anophelines, some method additional to house spraying would
have to be employed. This second phase of the experiment is outlined
briefly in the conclusions to the report.

8. Comparison of the Three Insecticide Formulations Used

Owing to the fact that it has been impossible to carry out controlled
biological tests, there is little evidence to date to show whether DDT is
more effective in kerosene or wettable-powder form, either in different
districts or on different types of house surface.

BHC would appear to exert a more lethal effect immediately after
application than either of the DDT preparations. In fact, during a period
of six weeks after initial spraying, the insecticide is a remarkably effective
one on the mud and dung wall surfaces and thatched roofs so common
in the island. After six weeks, however, the effect of BHC falls off very
rapidly, whereas that of DDT (both in solution and suspension) endures
for as long as 10 or 12 months. These conclusions have been reached
by study of catching-station results together with the chemical analysis
of impregnated surfaces at varying intervals after treatment. It is hoped
to confirm them in the near future by biological tests.

The fall in surface deposit as determined by chemical estimation is
shown in table I.

In each case, these mean dosages are based on the results obtained from
50 test houses.
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TABLE I. FALL IN SURFACE DEPOSIT OF DDT AND BHC

Surface deposit in mg

Insecticide Initial After 9 weeks After 22 weeks

s perfoot per ml' s per ot per m' s pu&erfoot per ml

DDT wettable powder. 208 2,239 204 2,196 202 2,175

BHC wettable powder. 190 2,045 96 1,033 - -

(y isomer) 24.7 265.99 9.0 96.9 _

It was decided to abandon the use of BHC after the end of 1949 for
several reasons, which are tabulated below.

(1) HCI liberated in the aqueous suspension (of BHC), and the sandy
nature of the diluent powder, combined to produce a very serious corrosive
and erosive effect on all apparatus.

(2) The preparation of BHC used (P 520) was difficult to spray, owing
to the necessity for constant shaking, and the frequent blocking of nozzles
in spite of all precautions. The figures given in table IL for the average
number of rooms per gallon and per litre of solution used in all six districts
reveals a similarity between the DDT zones. The BHC zone, however,
stands out immediately with its low figure. The latter is not due to ineffi-
ciency in the district, and everything possible has been done to increase
speed and economy of work.

(3) If the entire BHC district could be resprayed regularly every six
to eight weeks, it is possible that this insecticide would prove to be the

TABLE II. AVERAGE NUMBER OF ROOMS SPRAYED PER GALLON AND PER
LITRE OF SOLUTION USED

Rooms sprayed
District Insecticide

per gallon per litre

DDT in kerosene 2.89 0.64
B J 4 . ............2.830.62

D ~~~~ ~ ~~~~~2.820.62
E g [DDT wettable powder. 2.84 0.62

F ~~~~ ~ ~~~~~~2.810.62

Mean for above 2.04 0.62
districts

C BHC 2.50 0.55
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most effective of the three preparations used. Respraying at this short
interval would have necessitated an annual outlay of £56,000 and would
have occupied full time three-quarters of the whole organization. Exclud-
ing capital expenditure, the annual estimates for the eradication scheme
provide for the expending of only £65,000 annually on spraying, which
therefore precludes the possibility of employing BHC to maximum effect.

(4) The smell and odour of the insecticide make it unpopular with
the local inhabitants, who are more likely to clean their walls after spraying
with BHC than with the other insecticides used.

(5) The fall in lethal effect of gammexane after six to eight weeks may
have accounted for the differences between the effects of this insecticide
and that of DDT preparations when considered over the whole of the year
1949. Table III gives some figures for the reductions in numbers of adult
mosquitos after spraying. These figures, while of no value by themselves,
helped to weigh against the continued use of BHC when considered in
conjunction with the other points listed above.

TABLE III. PERCENTAGE REDUCTION IN NUMBERS OF ADULT MOSQUITOS
CAUGHT AFTER SPRAYING, AS COMPARED WITH FIGURES OBTAINED BEFORE

Insecticide Percentage reduction in catches of

A. gambiae A. funestus Aedes aegypti Otherculicines

DDT wettable powder 99.5 99.9 100.0 58.3

DDT kerosene ..... . 99.0 99.9 100.0 59.1

BHC wettable powder 97.9 99.2 99.9 29.6

Conclusions

Study of the entomological findings together with the general malaria
picture reveals the fact that, under conditions prevailing in Mauritius,
residual house-spraying with DDT as a single measure is able to reduce
very considerably malaria and its chief vector, A. funestus. The second
vector mosquito, however, A. gambiae, has shown itself more capable
of evading the lethal effect of the residual insecticide. It has therefore
become apparent that measures additional to house-spraying must be taken
in the future in order to complete the elimination of the malaria vectors
in Mauritius. Accordingly, it has been decided to enter upon the second
phase of the experiment, and a brief description of the method to be
employed is given in the ensuing paragraphs.

During the winter season, and particularly during the dry months of
September, October, and November, A. gambiae breeds on a very small
scale in permanent breeding-places. The profuse breeding so charac-
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teristic of this mosquito does not begin until January, when the hot coastal
climate and heavy rainfall together produce ideal conditions for its pro-
pagation. Antilarval measures were therefore decided upon, and in the
first instance a small-scale experiment was planned in the district of Flacq.
This district, of approximately 120 square miles (311 km2), is, as mentioned
previously, an ideal one for experimental purposes. It also contains
many areas in which A. gambiae breeds profusely. In the course of a
detailed survey of the island, which began in June 1950, every patch of
water was numbered (river-banks, marshes, etc., demarcated in 50-foot
[15-m] strips) and particulars of type, area, and vegetation recorded. In
Flacq alone, which was divided into 12 blocks for ease of recording, some
30,000 of these water surfaces were numbered, in red paint against a white
background.

FIG. 5. NATURAL BOUNDARIES AND MOSQUITO-INFILTRATION ZONES, FLACQ

It can be seen by reference to the map of Flacq in fig. 5 that the district
has excellent natural boundaries for the experiment. A range of moun-
tains forms the southern border and in the west the land rises to the high
coastal plateau in the centre of the island, both of which should provide
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reasonable natural barriers to penetration by A. gambiae. To the north,
however, and also in the narrow coastal strip in the south, two-mile
(3.2-km) deep infiltration zones have been demarcated. These will be
continually larvicided and checked so as to minimize the risk of infiltra-
tion of A. gambiae into the experimental zone.

The experiment in Flacq will be an attempt at species eradication, and
all sluggish and stagnant water suitable for propagation of A. gambiae
will be treated with a DDT solution in high-spread malariol. Experi-
ments are in progress to determine what concentration of DDT and what
spreading pressure are most suitable under Mauritius conditions.

Larviciding of all such potential breeding-places will be carried out,
in the first instance, three times at fortnightly intervals. This preliminary
phase will be followed by a routine check, at periods varying with the life-
cycle of the mosquito at different seasons, of all numbered water surfaces,
combined with spot-oiling of all those considered to be positive. It is
hoped by this means so to diminish the population of A. gambiae during
the dry season that it will be possible to maintain the control and to press
on towards elimination during the hot, wet, summer months.

It is intended to extend this larvicidal scheme in 1951 so that it embraces
the whole island.

SUMMARY

Anopheles mosquitos were imported into
Mauritius about 1860, and the first severe
malaria epidemic took place in 1867, when
the death-rate rose to 120 per thousand.

Owing to the antimalarial programme
which was re-organized in 1945-6, the
central plateau and the town of Port
Louis were relatively free from malaria
by 1948. Most of the remainder of the
island, however, still presented a high
incidence of malaria.

In November 1948 a research team,
sponsored by the Government of Mauri-
tius in conjunction with the British Colonial
Insecticides Committee, started to organize
an experiment on the elimination of
malaria.
The basis of this campaign was the

indoor spraying of every building so that
all walls and ceilings should be covered
with a lethal dose of insecticide. A pre-
liminary survey had been made, and
careful records were kept of every building
treated.

RJESUMIt
Les moustiques Anopheles ont et6

importes dans l'Ile Maurice vers 1860 et
la premiere epidemie grave de paludisme
a &late en 1867, annee ofu le taux de
mortalite s'eleva a 120 par 1.000 habitants.
Grace au programme de lutte antipalu-

dique organise sur des bases nouvelles
en 1945-1946, le plateau central et la vile
de Port-Louis 6taient relativement exempts
de paludisme en 1948. Neanmoins, dans
la plus grande partie du reste de l'Hle, la
frequence de la maladie etait encore
61ev6e.
En novembre 1948, une equipe de

recherches, constituee sous 1'egide des
autorites de l'Ile Maurice et du Colonial
Insecticides Committee du Royaume-Uni,
entreprit d'organiser une experience d'eli-
mination du paludisme.
La methode adoptee consistait 'a sou-

mettre l'interieur de tous les batiments ai
des pulverisations, afin que les murs et
les plafonds soient tous recouverts d'une
dose l6thale d'insecticide. La campagne
fut precedee d'une enquete et, au cours des
operations, on tint soigneusement un
releve de tous les batiments trait6s.

11
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The island was divided into a central
untreated zone, where vectors had already
been eradicated, and three zones to be
treated with different insecticide formula-
tions: technical DDT, 80% p,p'-isomer;
50% wettable-powder DDT; and 50%
wettable-powder benzene hexachloride
(BHC). Formulations were prepared in
standard 5% mixture and an attempt was
made to apply a surface dosage of 0.10-
0.15 g of DDT or BHC per square foot
(about 1.1-1.6 g per m2).

Owing to the disadvantages of BHC,
including the fact that for maximum effect
re-spraying at intervals of 6-8 weeks
would have been necessary, its use was
discontinued after 1949. As concluded
from a study of catching-station results
and chemical analysis of impregnated
surfaces, the effects of DDT lasted for
10-12 months. There was little evidence
to show, however, whether the wettable
powder form or the dilution in kerosene
was more effective, since controlled bio-
logical tests were not carried out.

A careful check on the mosquito popu-
lation was maintained throughout the
campaign. Catches were made in 7,767
houses before and 76,246 houses after
spraying. The percentage reduction in
numbers of mosquitos per house was 97.1
for Anopheles gambiae and 99.9 for A.
funestus and Aedes aegypti. A. funestus,
originally the more formidable malaria
vector in Mauritius, and Aedes aegypti,
have been virtually eliminated. A. gambiae,
on the other hand, has been found breeding
throughout the coastal zone in March and
April and still enters unsprayed, new
buildings* in large numbers. For this
reason it was decided to initiate a further
experiment on eradication of A. gambiae,
by larvicidal methods, in the district of
Flacq. All sluggish and stagnant water
would be treated during the dry season
with a DDT solution in high-spread
malariol, three times at fortnightly inter-
vals, and spot-oiling used subsequently
during routine checks for water-surfaces
remaining positive.

L'ile fut partagee en quatre zones: une
zone centrale non soumise aux pulverisa-
tions, etant donne que les vecteurs en
avaient deja ete elimines, et trois zones
qui devaient etre traite'es par des insecti-
cides differents - DDT technique a
80% d'isomere p,p'; poudre mouillable a
50% de DDT, et poudre mouillable it
50% d'hexachlorocyclohexane (HCH). Ces
produits furent tous utilises sous forme
de preparations ia 5% et l'on s'efforca
d'appliquer sur les surfaces une dose de
0,1-0,15 g de DDT ou d'HCH par pied
carre (environ 1,1-1,6 g par metre carre).
L'HCH a ete abandonne apres 1949, en

raison des desavantages qu'il comporte,
notamment parce qu'il aurait fallu effec-
tuer de nouvelles pulverisations toutes les
6 'a 8 semaines pour obtenir le maximum
d'efficacite. L'etude des resultats observes
par un poste de capture et l'analyse
chimique des surfaces impregnees ont
permis de constater que les effets du DDT
se prolongeaient pendant 10 a 12 mois.
Il n'a toutefois guere ete possible de
determiner si la poudre mouillable etait
plus ou moins efficace que la dilution
dans le petrole, car on n'a pas procede a
des tests biologiques contr6les.
Pendant toute la campagne, on a soi-

gneusement control1 la population ano-
phelienne. Des captures ont ete faites
dans 7.767 maisons avant les pulv6risa-
tions et dans 76.246 maisons apres le
traitement. On a constat6 que le nombre
de moustiques par maison a et6 reduit
dans les proportions de 97,1 % pour
Anopheles gambiae et de 99,9% pour
A. funestus et Aedes aegypti. On peut
considerer comme pratiquement 6eimines
A. funestus, qui etait at l'origine le vecteur
de paludisme le plus dangereux de I'lle
Maurice, ainsi qu'Aedes aegypti. En
revanche, on a observe que A. gambiae
se reproduit dans toute la zone c6tiere,
en mars et en avril, et penetre encore en
grand nombre dans les baRtiments neufs
non trait6s. Ce fait a conduit les experi-
mentateurs 'a poursuivre l'extirpation de A.
gambiae par la destruction des larves dans
le district de Flacq. Pendant la saison
seche, toutes les eaux tranquilles et
stagnantes seront traitees trois fois, A
intervalles de quinze jours, au moyen
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Malariometric data were collected during
three surveys of representative children up
to 15 years: (a) when the team arrived in
1948, (b) after the initial spraying cam-
paign in 1949, (c) in 1950. The results
obtained in the third survey compared
with the first show reduction in spleen-
rate (from 34.8 to 2.8) in parasite-rate
(from 9.5 to 0.36) in spleen size and
parasite intensity and in proportion of
Plasmodium falciparum. The average
parasite-rate among children born after
the first spraying in their locality was 0.27.

Malaria morbidity figures also show an
encouraging diminution. The number of
cases notified by hospitals and dispensaries
during the seasonal months of January-
June 1950 show a reduction of 86.0% on
the previous record year of 1948. Many
of the notified cases were probably not
malaria, since of 1,760 examined blood-
slides only 3.0% showed malaria parasites.
Total death-rates and infant mortality-
rates have also fallen considerably since
1934-48 and malaria death-rates per 10,000
population for the epidemic first six months
of the year have declined from a mean
rate of 32.2± 8.07 for 193448 to rates
of 12.9 in 1949 and 4.9 in 1950.

d'une solution de DDT dans le malariol
a haute diffusibilite; on procedera ult6-
rieurement i un petrolage, au cours
d'epreuves regulieres de controle, sur
les nappes d'eau restees positives.

Trois enquetes ont ete effectuees sur
des groupes representatifs d'enfants de
moins de 15 ans: a) 'a l'arrivee de l'equipe
en 1948 ; b) apres la campagne initiale de
pulverisations en 1949; c) en 1950. La
comparaison des resultats fournis par la
premiere et par la troisieme enquete fait
ressortir une reduction de l'indice spleni-
que (de 34,8 'a 2,8), de l'indice parasitaire
(de 9,5 a 0,36), du volume de la rate, de
la densite parasitaire, et de la proportion
de Plasmodium falciparum. L'indice para-
sitaire moyen, chez les enfants nes apres
la premiere pulverisation effectuee dans
le lieu de leur naissance, a ete de 0,27.

Les chiffres de morbidite par le palu-
disme temoignent egalement d'une ame-
lioration encourageante. Le nombre de cas
declares par les hopitaux et les dispensaires
pendant la saison de janvier a juin 1950
accuse une reduction de 86,0% par rapport
a l'annee 1948. Une forte proportion
des cas declares n'etaient probablement
pas des cas de paludisme, puisque 3%
seulement des 1.760 frottis de sang exa-
mines ont revele la presence de parasites.
Le taux de mortalite pour l'ensemble de
la population et le taux de mortalit6
infantile ont egalement diminu6 tres nette-
ment depuis la periode 1934-1948. Le
taux moyen de mortalit6 par paludisme,
par 10.000 habitants, au cours des six
premiers mois de l'annee (periode de
poussee saisonniere) est passe de 32,2+
8,07, en 1934-1948, 'a 12,9 en 1949 et i
4,9 en 1950.
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