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At the invitation of the Administration of South-West Africa I made
a malaria survey of the territory. The object of the survey was to determine
the incidence of the disease as measured by spleen- and parasite-rates,
to ascertain the vectors, and to make such general observations on their
biology as would help to give a better understanding of the malaria problem.
With the information so gained a " malaria map" of the territory was to
be prepared.

I do not propose in this report to give an account of the previous
history of malaria in South-West Africa. The little early history that does
exist is scattered in various German reports which are not readily accessible.
The more recent history is a rather controversial matter in wbich evidence
one way or another is largely unsupported by blood and spleen examinations.

The survey began in February 1950 and closed in June of the same year,
and this fact must be kept in mind when considering the findings presented
below. In the beginning, in the south, the malaria season had hardly started,
whereas it was waning by the time the north was reached. The ideal malaria
survey should include all-the-year-round information, for in this way the
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true degree of malaria endemicity and the biology and behaviour of the
vectors are best assessed.

All possible precautions were taken to select representative samples
from the population and to examine as many subjects as possible for
spleen- and parasite-rates ; nevertheless, all the disadvantages associated
with sampling are inherent in this report.

Other things being equal, the incidence of malaria is governed by the
following factors, namely: temperature, and rainfall and/or presence of
permanent water. In these respects South-West Africa is a complicated
and difficult country in which to draw deductions from a small number
of observations. Most of the territory is subject to a semi-desert climate
in which there is a great fluctuation between maximum and minimum
temperatures. In addition, as one proceeds westwards the influence of the
cold Benguela current makes itself felt more and more. A further factor
influencing temperatures is altitude, which varies in a bewildering fashion
in the territory. In addition to variation in temperature, the territory is
also subject to great fluctuations in annual rainfall. Years of drought or
flood are the common experience. This obviously has a marked influence
on the prevalence and distribution of the vectors. When water is scarce
Anopheles gambiae, the presumed vector, will be restricted to small foci
from which it will spread in years of widespread rain. It is not only the
amount of rain that is important, but also when it falls and over what
period. Late rains may be innocuous, especially where the winters are very
cold, and again, unduly heavy rains may run off too rapidly to give rise
to breeding-places.

Rainfall alone, then, can be responsible for great fluctuations in the
amount of malaria in South-West Africa, south of latitude 190 south at
least. That other factors come into the picture is not to be doubted. It so
happened that the present survey coincided with a season of exceptional
rainfall and yet little malaria was found in the south. There is no ready
answer to this conundrum, but South-West Africa is not unique in this
respect.

Wherever possible the results obtained in a locality were discussed with
the local district surgeon and other interested parties. Generally speaking,
surprise was expressed at the large amount of malaria found in the north
and at the low order of endemicity in the south. There are a number of
reasons for this. I have found that South-West Africa is rather sharply
divisible into two areas. The first, which lies mainly south of latitude
190 south, has low endemicity and is subject to epidemics either localized
or widespread. In this area malaria endemicity varies from year to year
and from locality to locality, according to conditions favouring transmis-
sion. The greater part of the indigenous population has no or little immunity
to the disease, and anyone who contracts malaria becomes a very sick
person and so attracts attention. The second area comprises Ovamboland
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and the Okavango ; here one finds intense endemic or hyperendemic
malaria, the indigenous population is largely immunized, and subjects,
as a rule, do not become seriously ill. This state of affairs is not peculiar
to these areas but has been described over and over again in different parts
of Africa, including the Union. The tendency in this area is to miss cases
of malaria, because it is so hard to believe that the obviously only slightly
ill patient can actually have the disease. Thus, the district surgeon,
Ovamboland, in his report 5 expresses doubt about the correctness of the
number of cases of malaria reported by the Missions because of the low
fatality-rate. My own figures for Ovamboland, based on spleen and parasite
findings, show that malaria is highly endemic. The indigenous population
is, therefore, relatively immune and hence the Mission officials are probably
correct in diagnosing, clinically, many minor ailments as malaria.

In South-West Africa malaria is, as a general rule, diagnosed on clinical
grounds only. It has, however, been established in all parts of the world
that the clinical diagnosis of malaria rests on very insecure grounds and that
blood examinations are absolutely necessary. A very fine example of this
was brought to my notice by a medical practitioner in the epidemic zone
of South-West Africa. He diagnosed, on clinical grounds, over 40 cases
of malaria and then submitted blood-smears from each case to a recognized
laboratory in the Union. The result was that two of these were found
to be positive for malaria parasites !

In conclusion, I think it can be said that as a general rule malaria
endemicity is overestimated in epidemic regions-in the absence of an
actual epidemic, of course -and underestimated in highly endemic or hyper-
endemic areas when clinical signs and symptoms alone are used as criteria
for diagnosis.

Part I
TECHNIQUE OF THE SURVEY

The usual techniques for malaria surveys were employed and may be
set out as follows.

1. SPLENOMEGALY

Splenic enlargement was detected by palpation with the subject standing.
A modification of Hackett's4 method was used. The point of furthest
projection of the spleen into the abdomen was observed along a vertical
line running from the point of emergence of the spleen to the left iliac fossa.
This line was divided into 5 parts limited by (a) the costal border; (b) a
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line halfway between the costal border and a horizontal line through the
umbilicus ; (c) a horizontal line through the umbilicus ; (d) a line halfway
between (c) and the left iliac spine ; (e) the left iliac spine.

Enlargement was then assessed as follows.

1.1 Spleen Class

Spleen class
,. II

,. .,

,. II

,. ..

,. ..

0
1
2
3
4
5

- not palpable
- palpable at the costal border without deep inspiration
- palpable between (a) and (b)

Ily ,, (b) and (c)
,, ,,9 I (c) and (d)
-0,, I 9 (d) and (e)

1.2 Spleen-rate

The spleen-rate is the percentage of subjects with palpable spleens as
defined above and is irrespective of size of spleen or age of subject. Spleen-
rates are classified as follows according to age-groups:

(1) Infant spleen-rate - the spleen-rate of infants to the age of one year
(2) Child spleen-rate - the spleen-rate of children between one and

10 years of age
(3) Pre-adult spleen-rate - the spleen-rate of subjects between 10 and

20 years of age
(4) Adult spleen-rate - the spleen-rate of subjects over 20 years of age.

1.3 Average Enlarged Spleen

The size of the average enlarged spleen is expressed by a number
calculated as follows : the number of subjects in each spleen class is mul-
tiplied by the class number, the products of all multiplications are added
and then divided by the total number of subjects with enlarged spleens.
The following example will make this clear:

Spleen class Number of subjects
in each class

1 55
2 30
3 10
4 5
5 0

Total 100

x

x
x
x
x

.-. Average enlarged spleen =

1 = 55
2 =60
3 = 30
4 = 20
5 = 0

165

165
10 1.65
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2. PARASITOLOGY

2.1 Blood-smear Examination

Blood was obtained from the subject by finger puncture and thick
smears were prepared. Smears were allowed to dry for at least 12 hours
and then stained with Giemsa stain prepared at the South African Institute
for Medical Research. A phosphate buffer in the form of a powder was
used for mixing with the water for diluting the Giemsa stain. After staining
slides were washed in local waters except where these were excessively
hard or soft. Natural waters in South-West Africa vary greatly from place
to place and it is inadvisable to use them for diluting stains. The failure
of many workers in South-West Africa to get well stained blood-smears
is undoubtedly partly due to non-employment of buffer solutions.

In order to adopt a standard procedure, and so make results between
different localities and age-groups comparable, each smear was examined
for five minutes. Occasionally, when the diagnosis of the species was in
doubt, a longer time was spent in examining the slide. This is a standard
procedure: indeed, many malariologists examine for only three minutes.

Although the writer has had considerable experience in diagnosing
parasite species from thick smears, Field's 3 study was found to be of
inestimable value. In spite of this, the differentiation between Plasmodium
vivax and P. malariae in thick smears was not always easy. This was not
of vital importance, however, since together they formed only a small
proportion of the total infections. What does remain doubtful is my
finding of their relative frequency. Thick smears, in my hands, at least,
do not reveal infection with P. ovale, so I could not tell if this species of
parasite occurs in South-West Africa.

Because of the speed with which the survey was forced to move in order
to complete the work in a reasonable time, it was not as a rule found
possible to check thick-smear findings with thin smears. Wherever this
was done, however, the thick-smear diagnosis was confirmed.

Although preparations were made for doing accurate parasite counts
with fowl-cell suspensions they had, because of lack of time, to be aban-
doned. Instead of this a very rough estimate was made of parasite density
in order to confirm the well known fact that in hyperendemic areas, at
least, the density decreases with advancing age.

In areas with very low spleen-rates, blood-smears were as a rule only
taken from subjects with enlarged spleens. The object of this was to
confirm that splenic enlargement was due to malaria. It is possible that if
larger numbers of blood-smears had been taken a slightly higher degree of
malaria infestation would have been found in these areas, the reasons for
this being that very slightly enlarged spleens are liable to be missed in the
field and that the widespread use of prophylactic and therapeutic drugs
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is inclined to prevent splenic enlargement. Against this must be set the
fact that had blood-smears been examined everywhere the survey could
never have been completed in one season, and also that the few extra
infected subjects so found would hardly have made an appreciable dif-
ference to the figures presented.

2.2 Parasite-rate

The parasite-rate is defined as the percentage of subjects with parasites
as revealed by the methods described above, irrespective of age of subject
or species of parasite. A subject infected with more than one species of
Plasmodium is counted only once. Parasite-rates are classified as for
spleen-rates, according to age-groups.

2.3 Gametocyte-rate

The gametocyte-rate is defined as the percentage of subjects with
gametocytes of P. falciparum irrespective of age of subject. Gametocyte-
rates are classified as for spleen-rates, according to age-groups.

3. ENTOMOLOGY

3.1 Anopheline Fauna

Adult and larval anophelines were collected from all possible sources.
Where practicable, larvae and pupae were allowed to proceed to the adult
stage so that a representative collection could be assembled. Full use
was also made of the records available in the Health Department of the
South African Railways and Harbours and the South African Institute
for Medical Research, Johannesburg.

3.2 Determination of Vectors

For this purpose anopheline adults caught in habitations were dissected
within 48 hours of capture. Because of the time-factor, salivary glands
only were examined. As reported later, no infected anophelines were found
and the determination of the vectors rests on information obtained else-
where in Africa.

3.3 Breeding-places of Vectors

No exhaustive survey of any area could be carried out, and it was
deemed sufficient to show that the larval breeding-places of the vectors,
as defined in the preceding paragraph, resembled those found elsewhere
in Africa.
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3.4 Biology of Vectors

No detailed or systematic investigation was carried out, but sufficient
observations were made to establish the house-frequenting habit ofpresumed
and suspected vectors and to show that the unusual climate of South-West
Africa caused some deviation from the normal behaviour as observed
elsewhere in Africa.

3.5 House Vector-index

In order to obtain some idea of the prevalence and density of the
vectors as many habitations as possible were searched by day in each
place visited. Each habitation was searched for approximately 10-i5
minutes by two collectors and the numbers of anophelines caught were
counted. This is admittedly not a very accurate method but pressure of
time prevented the use of more reliable techniques, e.g., spraying habita-
tions with an insecticide and collecting all mosquitos which fall on a white
sheet placed on the floor. Nevertheless, it is felt that the technique used by
us gives a fair idea of prevalence and density.

4. ASSESSMENT OF ENDEMICITY

4.1 Indices and Criteria

Malaria surveys should extend over several seasons and include observa-
tions made throughout the year. However, such surveys have been made in
the past and it been shown that malaria endemicities of various types
show characteristics which enable them to be recognized even in single-
season surveys. These characteristics or indices may be briefly elucidated
as follows:

4.1.1 Spleen- and parasite-rates
The spleen- and parasite-rates of a population may not yield vital

information, but if the rates of different age-groups within the population
are compared then a much more satisfactory picture is obtained. A graph
of the spleen- and parasite-rates in the various age-groups can tell one
much about the degree of endemicity and even about such things as vector
frequency and length of break in the transmission season.

4.1.2 The average enlarged spleen
This may yield vital information and give a clue as to what has happened

in the past and so help to define the endemic picture.

4.1.3 Vector frequency
The number of vectors per hut is obviously an important index but it

must be used with caution in short-term surveys, especially where A. gambiae
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is concerned. This mosquito breeds principally in rain-water puddles and
its appearance in large numbers at a given moment in a certain locality
may be of such a temporary nature as hardly to affect the amount of local
malaria. The amount of malaria in a community, everything else being
equal, is obviously dependent on the length of the transmission season.
With longer or shorter winter breaks in transmission, one may expect to
find less or more malaria. Conversely, the amount and characteristics of
malaria in a given community provide one with a clue to the length of
break in the transmission season.

4.1.4 Meteorological conditions
Other factors which have an important bearing on vector prevalence are

temperature and rainfall. It is known that A. gambiae, for-example, is very
sensitive to frost and its distribution in the Union has been shown to agree
very closely with the number of days of frost.2 Mosquitos, of course,
cannot breed without water, so that certain regions are free of them despite
the fact that all other requirements such as temperature, etc., may be
favourable. When widespread rains do fall in such regions mosquitos, and
especially the rain-water-puddle breeder A. gambiae, may become very
prevalent and cause epidemic malaria. Making use of this knowledge one
can gain much information on the probable frequency and distribution
of the vectors without having studied them through one whole year. Such
information must of necessity be used with very great caution as it is well
known that the vectors do not always behave in the same way in different
parts of Africa. Also it is known that vectors may be introduced by transport
into areas which are climatically suitable for them only for very brief
periods. Such periods, however, may be long enough to enable them to
become infected and transmit malaria.

4.2 Wilson's Classification of Areas According to Endemicity

Making use of the indices and criteria noted above, Wilson 9 has divided
malaria endemicity in Africa into four groups and has defined them as
follows:

" Group L Where malaria transmission continues nearly all year round and varies
only in intensity from season to season, there is constant reinfection of unprotected
African people of various tribes and races, causing a great deal of illness and a mortality
of some 10 per cent in infants. But adults have acquired such a high degree of immunity
that they are not only almost completely free from apparent malaria attacks in their own
country, but are also highly resistant to the infections which may be acquired elsewhere.
In the absence of adequate protection, susceptible persons living in this type of country
are liable to experience attacks at frequent intervals, and the chance of infection may be
placed at thirty to sixty inoculations a year.

" Malaria at this intensity occurs over all the coastal area of West Africa and for
100 miles or more inland; in the southern parts of French Equatorial Africa and the
Congo, in Uganda, Kenya and Tanganyika at levels below 4,000 feet, in Nyasaland
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below 3,000 feet, and all down the east coast through Portuguese East Africa to a narrow
belt of the eastern Transvaal and eastern Natal.

" The typical endemic indices are as follows: the spleen rate [in children] varies
from 70 to 100 per cent, whereas the spleen rate in adults is of the order of 30 to 50 per cent.
The parasite rate in children is at its highest in the age-group one to five years, when it
approximates to 100 per cent, but decreases with age, and in adults it rarely rises above
40 per cent, the number of parasites seen being a small fraction of those seen in infants.
The average size of the enlarged spleen decreases between childhood and adolescence.
There is no seasonal rise in human parasitisation except in infants. These are the charac-
teristics of this the most intense type of endemic malaria, which occurs over such a wide
area of tropical Africa.

" Group IL Both within the central tropical zone, and to a greater extent at its margins
and outside it, there are areas in which there is a complete intermission between the
annually recurring season or seasons of malaria transmission. Usually there is only
one season, and the intermission lasts for at least six months. Although the Africans
who live in such country have a very considerable resistance to malaria, they are not
entirely free from mild attacks even in their own country, and are liable to sharp attacks
when they encounter fresh strains of parasites in other parts. Typical of this degree of
endemic malaria are most of the two Rhodesias, parts of Kenya and Tanganyika over
4,000 feet in altitude, and apparently the northern parts of the West African territories,
Nigeria, Dahomey, Gold Coast, Ivory Coast and French Guinea.

" The spleen rate in children in this type of country may be as high as 90 per cent, but
is more usually between 50 and 70 per cent; the adult spleen-rate is not much less, varying
between 5 and 20 per cent lower. During the periods of malaria transmission the
spleen rates are rather higher. The average size of the enlarged spleen decreases after
adolescence. During the dry season the parasite rate in children is 50 to 70 per cent,
and less than half of this in adults; during the transmission season both child and adult
rates are raised.

" True epidemics, with their accompaniments of serious illness and raised mortality
in the general population, are not encountered at this level of endemicity, although
children may be found to be suffering severely during the malaria season. This freedom
from epidemics is attributable to the regularity of the annually recurring period of trans-
mission, but after a succession of abnormally dry years true epidemics become a
possibility.

" The frequency of infection responsible for the production of this type of malaria
is not great, probably not more than a few times in the year.

" Group III. The areas in which there is a very short but regular annual period of
transmission provide the circumstances in which this type of malaria is found. As in
the case of the preceding group it blends into the neighboring groups, but to an even
greater extent. Typical areas in which it is found are in Ethiopia between 5,000 and
6,000 feet, parts of Southern Rhodesia over 4,000 feet, and the higher parts of Mada-
gascar and Mauritius. It will be noted that these areas come near the limits of the endemic
zone. The mild endemicity found in circumscribed localities within semidesert or arid
regions also comes within this group.

" Owing to the great variability in the endemic indices which are found from season
to season and, to a lesser extent, from year to year, this group is very difficult to define
in terms of these indices. It may, however, be said that the spleen rate in children rarely
exceeds 30 per cent, except during the course of an epidemic period, and that the spleen
rate in adults may be higher than in children. In both adults and children there is an
increase in the spleen rate during the malaria season, and this increase is of course even
more noticeable in the parasite rates, which may rise to almost any height and then
exceed the spleen rates. Perhaps the most characteristic feature of this type of endemicity
is the increase with age in the size of the average enlarged spleen.
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" The chance of infection in an average year in these areas is probably not more
than once a year, and the inhabitants retain throughout life a considerable degree of
susceptibility to malaria.

" Group IV. Contiguous with the areas included in Group III and Group 1V,
[Group II and Group III] a there are always other zones, commonly at a higher level,
into which malaria diffuses in years exceptionally favourable for the spread of malaria.
Sometimes the center of such epidemic spread consists of no more than a small group
of water holes, or the course of a seasonal stream. Elsewhere there is an extension
upwards from the normal limits of endemic malaria into a population which is highly
susceptible. These are the circumstances under which true epidemic malaria is known
to occur. Although the places in which they occur are not usually large in area, these
epidemics can be intense and are then accompanied by a high mortality in the persons
affected.

" In the intervals between epidemics there may be no evidence of endemic malaria
in the population, or at most a residual spleen rate of less than 10 per cent. During and
for a short period after an epidemic there are, of course, high spleen rates in children
and adults, rising up to 70 per cent.

" Anywhere in the highlands of the central African plateau, for example in central
Kenya, or in the Ethiopian highlands, particularly in the neighborhood of Addis Ababa
above 5,000 feet, severe epidemics may occur. They may also occur in the plains of
British Somaliland, and in the middle veld of the eastern Transvaal. It is very probable
that serious epidemics occur elsewhere, and also under other circumstances, but they have
not as yet been described in tropical Africa."

4.3 Assessment of Endemicity in South-West Africa

Malaria endemicity in South-West Africa has in this report been assessed
by means of the criteria and indices noted above. Wilson's grouping has
been used as it seems, at this juncture, to provide the best interpretation
of malaria endemicity, in Southern Africa at least.

4.3.1 Influence on malaria endemicity of antimalarial drugs
There is one very disturbing factor which Wilson 9 has not allowed

for, and that is the effect of therapeutic and prophylactic drugs on the
endemic picture. The use of these drugs is almost universal in South-West
Africa among European as well as native people, and I am not in a position to
assess the influence which it has had on spleen- and parasite-rates for example.
It is possible that the relatively higher parasite-rates as compared with
spleen-rates found by the survey are due to antimalarial drugs. In Ovambo-
land, for example, the district surgeon 5 reports as follows: " In all, the
Missions treated during 1949, 39,969 cases for malaria ". This is more
than one-quarter of the total population. One Mission doctor told
me that every person who came to the hospital or dispensary was, as a
matter of course, given antimalarial treatment. Since the drug most
commonly used in the northern native territories is quinine, the relapse-rate
would remain high even in those receiving a full course (and their numbers
cannot be great) but one may expect the spleen-rates and especially the
average enlarged spleen to be smaller. 7. 8

a Editor's correction.
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Fig. 1. MAP OF SOUTH-WEST AFRICA SHOWING NATIVE RESERVES AND SURVEY
ITINERARY

The numbers mark approximately the places visited during the survey and correspond to
the place numbers in section 6.

The shaded areas mark the Native Reserves.

4



B. DE MEILLON

4.3.2 People examined
The object of this survey was to investigate the prevalence of malaria

in South-West Africa. For this purpose it was obviously useless to examine
the small and scattered European population. Europeans obviously receive
more medical care than natives; they also spend more money on drugs,
screen their houses, and make greater use of insecticidal sprays. I therefore
deemed it advisable to visit native reserves and examine the people living
under home conditions. There I hoped to get a true index of infection
unaffected by the disturbing factors mentioned above. The possibility
that antimalarial drugs have, even amongst these indigenous native people,
somewhat disturbed the true picture has already been mentioned (see
under section 4.3.1).

As the native reserves (see fig. 1) are scattered over the whole territory,
I feel that the malaria conditions found in them are representative of the
whole area. Where possible native locations attached to the larger centres
were also examined.

4.3.3 Territory covered
The survey may be said to have covered the whole of South-West

Africa north of latitude 230 south. I do not mean to imply by this that
south of this line no malaria whatever exists, but according to all reports
and especially those of the Medical Inspector of Schools the indices are
of a very low order. Sporadic outbreaks are bound to occur in the south
and all evidence goes to show that it is part of the huge epidemic region
which embraces most of South-West Africa. A single southern excursion
down the Nosob and into the Aminuis Reserve was made and this fully
confirmed the impression gained from other sources. For this reason, and
because my time was short, the activities of the survey were confined to
the north.

Part 1

RESULTS

5. ITINERARY
Place Date of arrival Place Date of arrival

Gobabis . . . ... . . . . . 27.2.50 Aukeigas . . . . . . . . . . 21.3.50
Pretorius .......... 1.3.50 Windhoek .21.3.50
Aminuis . . . . . . . . . . 3.3.50 Dobra . . . . . . . . . . . 22.3.50
Pretorius . . . . . . . . . . 7.3.50 Windhoek . . . . . . . . . . 22.3.50
Gobabis . . . . . . . . . . 8.3.50 Otjimbingwe . . . . . . . . . 24.3.50
Epukiro . . . . . . . . . . . 10.3.50 Usakos . . . . . . . . . . . 28.3.50
Ovitoto . . . . . . . . . . . 16.3.50 Okombahe . . . . . . . . . 30.3.50
Windhoek .18.3.50 Omaruru .......... 4.4.50
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Place Date of arrival Place Date of arrival

Omatjette ......... . 6.4.50 Otjituo .......... . 25.5.50
Brandberg. . . . . . . . . . 9.4.50 Grootfontein . . . . . . . . 27.5.50
Omatjette ......... . 10.4.50 Namutoni ......... . 3.6.50
Franzfontein . . . . . . . . . 11.4.50 Ondangua . . . . . . . . . . 6.6.50
Outjo ........... . 16.4.50 Oshikango ........ . 12.6.50
Otjiwarongo ........ . 20.4.50 Ondangua ......... . 15.6.50
Waterberg ......... . 22.4.50 Ukuambi ......... . 16.6.50
Grootfontein . . . . . . . . 27.4.50 Ondangua . . . . . . . . . . 20.6.50
Runtu . . . . . . . . . . . 4.5.50 Ohopuho . . . . . . . . . . 26.6.50
Andara . . . . . . . . . . . 11.5.50 Tshimhaka . . . . . . . . . 29.6.50
Runtu . . . . . . . . . . . 14.5.50 Ohopuho . . . . . . . . . . 2.7.50
Musese . . . . . . . . . . . 18.5.50 Gauko Otavi . . . . . . . . 5.7.50
Runtu . . . . . . . . . . . 19.5.50 Zesfontein . . . . . . . . . . 7.7.50
Grootfontein . . . . . . . . 24.5.50 Windhoek . . . . . . . . . . 14.7.50

The itinerary given above (see fig. 1) was forced on the survey by the
unusually heavy rainfall of the 1950 season which made many roads and
rivers impassable for days or weeks on end. The survey often had to retrace
its steps over hundreds of miles and, in order to get to Ovamboland and the
Kaokoveld from the Okavango, had to return to the south on each occasion.
Some 21 days were spent in travelling alone and a further similar period
in camping between different centres. This means that approximately
one-third of the time was spent on the road when little or no work could
be done. Altogether over 9,000 miles (14,500 km) were covered, a distance
which could have been reduced by about one-third had it been possible
to take direct routes.

The numbers on fig. 1 correspond to the place numbers in section 6.

6. MALARIA ENDEMICITY OF EACH PLACE VISITED,
AND PRESUMED VECTORS FOUND

In this section the indices are given for localities in the same order as
shown in the itinerary. Throughout the whole survey, with one or two
exceptions, the ages when not known were assessed by Mr. A. P. J. Albertyn,
who has had considerable experience in this respect at the native hospital,
Windhoek. I believe that if there is any error it is small, common to all
age-groups, and not of any significance.

Only summaries of spleen- and parasite-rates are given here ; the forms
showing the details have, for the time being, been deposited in the library
of the South African Institute for Medical Research, Johannesburg, and
are available to any interested person.

The rainfall figures quoted are from the annual report for 1948 of the
Weather Bureau for South-West Africa and relate to the normal annual
isohyets for the 35-year period 1901-1936. The altitudes are from Map
Number F. 3547, 1925, of the Surveyor General's Office, Windhoek.
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The School Medical Officer's report referred to is one very kindly drawn
up for me by Dr. J. E. Fischer of the Education Department, South-West
Africa, and relates to the period 1944-9 and to European schools only.
In this report the number of malaria cases is based on the history given by
the child to the teacher and not on spleen or parasite indices. Absenteeism
due to malaria relates to an absence of two days or longer.

The railway health report refers to one prepared for me by Mr. S. J.
van der Merwe of the South African Railways and Harbours Health
Department, Windhoek.

(1) GOBABIS TOWN

Rainfall: 15 inches (380 mm)
Altitude: 4,000-5,000 feet (1,200-1,500 m)
The town of Gobabis lies on the Swart Nosob river, on the edge of

the Kalahari Desert. The soil is generally sandy with low scrub and grass,
except in the immediate neighbourhood of the town where stony hills
predominate. Along the river the trees are taller. Pans, i.e., natural
depressions in which rain-water collects and where grasses are taller and
more dense but trees and shrubs are absent, were frequently seen on the
road to the south towards Pretorius.

Date of examination : February 1950
People examined: children in Roman Catholic Mission School and

inhabitants of the town location of mixed Damara, Herero, coloured,
and Bechuana races.

No drug prophylaxis.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers Numbers in spleen
Age-group showing no class

parasites 0 1

0- 1 -17-

2-5 - 62-

6-10 8 79 1

11 - 20 24 94 -

21 -30 1 - -

31+ - --

Total 33 252 1

Locus: Roman Catholic Mission Race mixed non-European
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(2) Information from other sources

(a) School Medical Officer's report. According to the School Medical
Officer's report on the European School in the town, 81 children out of
228 in 1944 and 54 out of 248 in 1947 gave a history of malaria. The
children come from the surrounding district as well as the town. During
the years 1947, 1948, and 1949, 17, 5, and 0 children were absent owing
to malaria. Proguanil has been used prophylactically since the beginning
of 1948.

(b) Railway health report. During the period 1938-49 2 cases of malaria
were reported.

(c) Other information. The district surgeon was of the opinion that
malaria was severe in some seasons and mild in others. He had seen
blackwater fever and cerebral malaria. Diagnosis was often confirmed
by blood-smear (thin film only) which he examined himself.

The principal of the Roman Catholic Mission School which was
examined said they were much troubled by malaria, which was diagnosed
clinically, and that the proprietary drug Esanophile was used in treatment;
no prophylactic drugs were used.

(3) Conclusions

It will be seen that there is not much agreement between my findings
and local opinion except in the case of the railways health report. It is
well to remember that the railways deal with personnel living in the town
only, though there is a certain amount of movement on the line to Windhoek
and by railway bus to Pretorius on the Vereenigde Nosob. Many European
schoolchildren, as already intimated, come from surrounding districts;
they return home for holidays and week-ends and so may acquire infection
elsewhere. The district surgeon too would see patients from the outlying
parts as well as local people.

From the number of children absent one might say that malaria had
declined during the years 1947-9. There is a tendency to ascribe this to
the prophylactic use of proguanil, but it is equally plain from the figures
obtained by me that there was little malaria among children not receiving
this drug.

My conclusion regarding this area is that it lies in the epidemic zone
of South-West Africa, and that there is a very low endemicity. When
conditions become suitable (see also under " presumed vectors " below)
outbreaks will occur and possibly linger for some time. I probably
struck a year when conditions were not favourable for transmission,
but that such years have occurred in the past and will again occur in
the future is not to be doubted. For these reasons I place Gobabis in
Wilson's Group IV.
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Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place

None A. gambiae rock pools
Number of habitations examined: 50 native huts in town and railway

locations.

(2) Information from other sources

(a) Railway health report. A. gambiae larvae reported from pools in
the Swart Nosob river during May 1947.

Despite a thorough search in numerous apparently suitable pools in
the bed of the Swart Nosob, larvae of gambiae were found only once. The
numerous huts examined yielded no adults. The railway location had been
sprayed with DDT and the town location dusted with DDT (antiplague
measure) two weeks before my visit. This may be thought to have been
responsible for the absence of adult mosquitos from the huts, but we found
a similar state of affairs south of Gobabis all along the Nosob to Pretorius,
where no antimosquito measures had been undertaken.

(3) Conclusions
The presumed vector is gambiae which at the time of my visit was not

very active, possibly because of adverse climatic conditions or because it
was too early in the season. Information gained at a later date, however,
did not lead one to believe that the numbers had increased unduly.

It appears that gambiae ekes out a meagre existence in this region
in normal times but that favourable conditions can arise leading to a
more prolific breeding and hence possibly to more malaria. This fits
in well with the spleen and parasite indices found by the survey and
provides further evidence for the allocation of this region to Wilson's
Group IV.

(2) PRETORIUS TOWN AND NATIVE LOCATION

Rainfall 10-15 inches (250-380 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
Pretorius lies some 96 miles (154 km) south of Gobabis on the Vereenigde

Nosob. The country is typical sand veld with dunes. At the time of my
visit it was well covered with grass. The Nosob here has a very wide bed,
and numerous pools from recent rains were in evidence.

Date of examination March 1950
People examined : European children in the school, and native children

-mixed Bechuana, Hottentot, and Damara-in the town location.
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Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers Numbers in spleen Numbers in
Age-group showing no class Age-group spleen class

parasites 0 1 0

0-1 - - 0-1 -

2-5 2-5 8

6-10 9 17 - 6-10 3

11- 20 5 18 1 11- 20 -

21 - 30 - - - 21 - 30 _

31 + - - - 31 +-

Total 14 35 1 Total 11

Locus: European School Locus native location

(2) Information from other sources

(a) School Medical Officer's report. In 1944, 8 out of 60 and, in 1949,
21 out of 87 children gave a history of malaria. During 1947, 1948, and
1949, 7, 138 and 24 children were absent owing to malaria. Proguanil
had been used prophylactically since 1948 (2 tablets per week).

(b) The school principal was of the opinion that malaria had been bad
in the past but that since proguanil had been introduced the position had
greatly improved. Children were often sent to Gobabis where the diagnosis
was confirmed by blood examination (see under Gobabis).

(c) Adult natives in the location said that they knew of no illness
resembling malaria.

(3) Conclusions

One might feel convinced that proguanil had been responsible for the
reduction in malaria incidence in the European school and that had it not
been used conditions would have been much worse. However, the native
children in the location received no proguanil and showed no evidence of
malaria infection. Again, the European schoolchildren may have picked
up their infections when on holiday. As far as my evidence goes, malaria
was absent from Pretorius at the time of my visit. This region lies in the
epidemic zone corresponding to Wilson's Group IV. Sporadic outbreaks
are likely to occur but the endemicity is of a very low order.
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Presumed Vectors
(1) Survey results

Adults Larvae

none none
Number of habitations examined: 14 native huts in native location.

(2) Information from other sources
Local inhabitants complained very much about mosquitos, which they

said were very prevalent. When investigations were made by the survey,
the mosquitos were found to be a species of Aedes (Aedimorphus) which at
this time was breeding in large numbers in all rain-water pools and biting
avidly by day and in the evenings.

(3) Conclusions
The entomological findings confirm evidence obtained from spleen- and

parasite-rates. There were no vectors to transmit malaria even supposing
that human carriers of parasites existed. The numerous apparently suitable
rain-water pools in the bed of the Nosob and elsewhere contained only
culicine larvae. When suitable conditions prevail, gambiae may breed in
large numbers and if reservoirs of infection are available a sporadic outbreak
of malaria may be expected. As far as the vectors are concerned the region
falls into Wilson's Group IV.

(3) SWART NOSOB AND VEREENIGDE NOSOB BETWEEN
GOBABIS AND PRETORIUS

Rainfall 10-15 inches (250-380 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
The Swart Nosob has a narrow bed much eroded in parts, resulting in

the formation of numerous excavations, which at the time of the survey
held rain-water. About half way to Pretorius it is joined by the Wit Nosob
to form the Vereenigde Nosob which has a very wide bed with numerous
old and new channels. Many rain-water pools were to be seen in the bed
of the river. The river is subject to periodical flood and is not perennial.
Many farmhouses are to be found on the banks of the river. The under-
ground water-supply is good and artesian wells are not uncommon. On
most farms dams have been made. By repute the area is very malarious.

Date of examination : March 1950

Malaria Endemicity
(1) Survey results

Because of the scattered population and small numbers of natives
employed very few examinations for the determination of spleen- and
parasite-rates were made. In all, only seven Ovambo labourers were
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examined, on the Farm Hoaseb. No enlarged spleens were found among
them and blood-slides taken from them were negative for malaria.

In spite of repeated searches in rain-water pools, dams, and other
collections of water no larvae of anophelines were found.

(2) Information from other sources

Calls were made at various farms on the Nosob and Vereenigde Nosob
and farmers interrogated. The evidence so obtained was conflicting. Some
farmers who used proguanil regularly and also gave it to their labourers
declared that malaria was severe, others who did not use this or any other
drug said that there was no malaria. One man pointed to his son aged 22
who had lived on the farm all his life and had never had the disease. Gene-
rally speaking, most people maintained that 1934, a year of exceptional
floods, was a very bad year.

(3) Conclusions

Nothing was seen on the Nosob between Gobabis and Pretorius that
conflicted with the conclusions reached at Gobabis and Pretorius. Malaria
has no doubt appeared from time to time in epidemic form and it may
be accepted that 1934 was such a year. The absence of gambiae from the
numerous pools in the river, as found by the survey, cannot be readily
explained. The 1950 season was also one of exceptional rain so that
excessive rainfall alone, in one season at least, is not the only requirement
for gambiae breeding.

(4) AMINUIS NATIVE RESERVE

Rainfall: 10-15 inches (250-380 mm)
Altitude : 3,000-4,000 feet (900-1,200 m)
The Aminuis Reserve may be said to lie in the Kalahari proper. The

soil is sandy in parts and limestone formations are much in evidence.
Rietquelle and the Roman Catholic Mission School both lie on the edge
of an enormous salt-pan.

Date of examination: March 1950
People examined : Three localities were visited in the Reserve : (a) the

Government Native School, Rietquelle, the children being mostly Herero;
(b) the Roman Catholic Mission School about 5 miles (8 km) from
Rietquelle: here the children were all Bechuana; (c) Nuis, a post in the
Reserve about 9 miles (14.5 km) from Rietquelle : Herero race; and
(d) Post Number 10, 15 miles (24 km) from Rietquelle: Herero race.

As the indices found in these three places were identical, the figures
have been put together.
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Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

(2) Information from other sources

The native children at the Government School had received proguanil
prophylactically during 1949 and early 1950. The children at the Roman
Catholic Mission School and those at Nuis and Post Number 10 had
received no prophylactic drugs. According to the principal of the Govern-
ment School malaria had been prevalent before the use of proguanil. The
priest in charge of the Roman Catholic Mission said that malaria appeared
among the children every year during April and May and that treatment
was by quinine.

(3) Conclusions

The effect of proguanil prophylaxis cannot be assessed in this Native
Reserve since children not receiving it were also free of malaria. From
my own observation this region falls in Wilson's Group IV and is probably
subject to periodical outbreaks, possibly at intervals of several years.

Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place

none A. gambiae shallow lime-sinks
Number of habitations examined: 64 native huts.
Numerous pools and small pans apparently suitable for gambiae yielded

no larvae and the only specimens were found in a shallow well in limestone
formation. These wells apparently never dry up and so would serve as

Numbers Numbers in
Age-group showing no spleen class

parasites 0

0-1 1 12

2-5 3 23

6-10 11 71

11 - 20 29 176

21 -30 - _

31+ - -

Total 44 282
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permanent breeding-foci for gambiae. Although the rains had started in
January 1950 and potential gambiae breeding-places had been in existence
for an approximately similar period, this species had not established itself
in any numbers. Huts were searched in all parts of the Reserve with no

success.

(2) Information from other sources

Collections of larvae and adults sent by Dr. Fischer during 1935-6
did not contain any gambiae.

(3) Conclusions
It is established that gambiae does occur in the Aminuis Reserve and

one must suppose that it occasionally breeds more prolifically, though the
conditions that bring this about are not known. Obviously two months
of rain with the creation of numerous potential breeding-places is not
enough. The area is placed in Wilson's Group IV.

(5) DRIMIOPSIS

Rainfall 15 inches (380 mm)
Altitude 4,000 feet (1,200 m)
Date of examination: March 1950
People examined: European children at the Government School.
This school is approximately 30 miles (48 km) north of Gobabis on the

road to Epukiro Native Reserve.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numers Numbers inNumber spleen class
Age-group showing no

parasites 0

0- 1 - -

2-5 - -

6-10 6 43

11 -20 6 39

21 -30 - -

31 + - -

Total 12 82

Locus: Government School Race: European
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(2) Information from other sources

(a) School Medical Officer's report. In 1944, 45 out of 81 and, in 1949,
32 out of 90 children gave a history of malaria. Malaria accounted for
no absentees in 1947, 133 in 1948, and 76 in 1949.

(b) The school principal said that malaria had been severe until prophy-
lactic proguanil was introduced in 1948. It is worth noting that owing to
shortage of supplies no proguanil had been administered since January 1950.
Six children were pointed out to me as malaria subjects with continual
relapses. Blood-slides from these proved to be negative at the time of my
visit. The principal also said that some of the children came originally
from Angola and that such children were nearly always infected and
difficult to cure. According to him the first cases appeared in January.

(3) Conclusions
This school has a bad reputation for malaria and this, and the fact

that it was on the road to the Epukiro Native Reserve, induced me to visit
it. Many of the children are boarders and I cannot tell what the conditions
are like on their home farms. As to Drimiopsis itself I am bound to conclude
that it lies in the epidemic zone and is to be classed in Wilson's Group IV.
Unfortunately, there were not sufficient local natives present to warrant
an examination, but the fact that no prophylactic drug had been given to
children since January 1950 confirms the fact that there was no active
malaria at the time of my visit.

Presumed Vectors

(1) Survey results
Adults Larvae

none none
Number of habitations examined: 4 dormitories and 6 native huts.

(2) Information from other sources
The principal of the school declared that mosquitos were a great

nuisance. On examination, the dormitories yielded large numbers of Culex
which were no doubt responsible for the complaints.

(3) Conclusions
It will be seen that no anophelines were found in the school dormitories

or nearby native huts. An intensive search failed to yield anything but
culicine larvae, though some collections of water appeared to be suitable
for gambiae. The entomological findings therefore bear out those obtained
from spleen and parasite examinations, and the area is placed in Wilson's
Group IV. The presumed vector is gambiae, which probably appears in
some years in sufficient numbers to cause outbreaks.
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(6) HARNAS FARM

Rainfall 15-20 inches (380-500 mm)
Altitude 4,000 feet (1,200 m)
This farm lies on the road from Gobabis to Epukiro and some 19 miles

(30 km) from the latter. A small pan with exposed water and several
native huts near to it tempted me to make a short examination.

Date of examination: March 1950
People examined: native children, Herero, living in a kraal next to

the road.
Malaria Endemicity

(1) Survey results
Seven small native children were found in the kraal and examined.

No enlarged spleens were found among them. Blood-slides were not taken.

Presumed Vectors
(1) Survey results

Numerous gambiae larvae were found in a small pan next to the kraal.
Several of these kraal huts were searched and no adult mosquitos found in
them.

(2) Conclusions
It seemed that as the survey moved north gambiae was becoming more

prevalent, perhaps because of increased mean temperatures.
In spite of the proximity of the prolific breeding-place no adult gambiae

was found in the native huts. This deviation from the normal behaviour
of gambiae is not readily explicable.

The area is placed in Wilson's Group IV. Climatic conditions here
appear to be more favourable for gambiae than those farther south.

(7) EPUKIRO, GOVERNMENT NATIVE SCHOOL

Rainfall: 15-20 inches (380-500 mm)
Altitude: 4,000 feet (1,200 m)
This school is situated in sandy country on the bank of the Epukiro

river which at the time of my visit contained practically no water despite
the fact that over 7 inches (180 mm) of rain had fallen since December 1949.
According to local information the river-bed, which is largely overgrown
with scant grass and small scrubs, holds a little water in small pools during
heavy rain. For the greater part of the year it is dry.

Date of examination : March 1950
People examined: Herero schoolchildren, receiving no prophylactic

drugs, but quinine when ill.
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Malara Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Locus: Government Native School Race: Herero

(2) Information from other sources

According to the welfare officer and a local business man, malaria was
of minor importance. They, together with their families, had not contracted
it.

(3) Conclusions

The child with the enlarged spleen yielded the positive blood-slide.
She was a local resident and had not lived elsewhere, though she had
naturally travelled around with her parents.

The area falls into Wilson's Group IV.

Presumed Vectors

(1) Survey results

Adults
none

Number of habitations examined : 18.

Larvae

none

(2) Conclusions

It is obvious that at the time of my visit gambiae was not active and
not a single adult or larva was found. The area is no doubt subject to

b In the tables of parasite incidence, F = Plasmodium falciparum, V = P. vivax, and M = P. malariae

Numbers showing Numbers in spleen
class

Age-group parasites
no parasites

Fb
0 12 3

Fb_

0-1 -- 17 - - -

2-5 1 1 37 - - 1

6-10 5 - 45 - - _

11 - 20 8 - 54 - - _

21-1304 - - - -

31 + - - - - - -

Total 14 1 153 - - 1
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occasional outbreaks, though no evidence in favour of such an event was
obtained. Possibly with exceptional rains the vector may advance westward
from Epukiro Mission. I therefore place the area in Wilson's Group IV.

(8) EPUKIRO ROMAN CATHOLIC MISSION

Rainfall: 15-20 inches (380-500 mm)
Altitude: 4,000 feet (1,200 m)
This Mission lies some 36 miles (58 km) west of the Epukiro Govern-

ment School on the same river. Here the river-bed had numerous shallow
wells and dams and altogether there appeared to be much more surface
water about than at Epukiro Government Native School. Limestone
formation was in evidence in the river-bed.

Date of examination : March 1950
People examined: Bechuana schoolchildren in the Roman Catholic

Mission School.
No drug prophylaxis, mepacrine used as a therapeutic.

Malaria Endemicity.

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
class

Age-group parasites
no parasites 0 1 2

V

0-1-- 13 --

2-5 - - 34 - -

6-10 4 1 50 1 2

11 - 20 1 - 51 1 -

21-3 -30 - - -

31+ - - - - -

Total 5 1 148 2 2

Locus: Roman Catholic Mission School Race: Bechuana

(2) Conclusions
Malaria is obviously mildly endemic. It is possible that more positive

blood-slides would have been found had a larger number been examined.
Unfortunately at this early stage in the survey I did not realize that as a
rule in South-West Africa parasite-rates are higher than spleen-rates. This
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area falls within the epidemic zone and is classed in Wilson's Group IV.
Only one of the four children with enlarged spleens gave a positive blood-
slide.

Presumed Vectors

(1) Survey results
Adults Number Larvae Breeding-place

A. gambiae 10 A. gambiae pan and shallow wells

Number of habitations examined: 32 native huts and 2 tents.

(2) Conclusions
Apart from in the pan, which was situated about two miles (3.2 km)

from the Mission station, very few larvae were found. This is the second pan
found by us in which gambiae appeared to flourish. It may well have been
too far from the native kraals to affect the adult mosquito population
which was very small. The wells were not easy places to search and there
may have been heavier breeding than what we found. Many potential
gambiae breeding-places yielded nothing.

Eight of the adults recorded above were caught in the survey tents.
In the 32 native huts only 2 gambiae were taken. A. gambiae appears to be
established here and is no doubt responsible for the mild malaria endemicity
noted. Heavy breeding of gambiae, no doubt, occurs from time to time and
sporadic outbreaks of malaria may be expected. The area falls well into
Wilson's Group IV.

(9) STEINHAUSEN

Rainfall: 10-15 inches (250-380 mm)
Altitude : 5,000 feet (1,500 m)
This small village, where the survey party stayed overnight, lies on the

road between Epukiro and Okahandja and 117 miles (188 km) from the
latter. It is mentioned because a gambiae adult was captured in the bath-
room. The place obviously lies within the summer breeding-range ofgambiae
and is placed in Wilson's Group IV.

(10) OVITOTO NATIVE RESERVE

Rainfall: 15 inches (380 mm)
Altitude : 4,000-5,000 feet (1,200-1,500 m)
The Ovitoto Reserve is rugged and mountainous and sparsely populated.

The welfare officer was unfortunately away, so no large gathering of people
could be arranged. The local headman was of very great help. A tributary
of the Swakop river flows through the Reserve, and the trading store
mentioned below is placed on its bank. This tributary has a very wide
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sandy bed in which at the time of my visit were some residual pools. Except
for this tributary, ravines, and dams, there did not appear to be much
scope for gambiae breeding. In times of excessive rainfall some of the
low-lying parts may possibly become flooded. On the whole it did not
appear to me as if this Reserve could readily breed gambiae in large
numbers. It must be remembered that because of lack of roads I saw

only a very small portion of it.
Date of examination : March 1950
People examined : Herero children living at the following places in

the Reserve : Okanjeira, Okaswanga, Bulskop, and near the trading store.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers in spleen
Numbers class

Age-group showing no
parasites

01

0 1 -3-

2-5 -28-

6- 10 - 13 -

11 -20 1 28 1

21 -30 - --

31 + ---

Total 1 72 1

Race: Herero

(2) Conclusions
The single enlarged spleen was from the Okaswango Dam area and

may, of course, not have been due to malaria. A blood-slide from this
patient proved to be negative for malaria parasites. The Reserve is placed
in Wilson's Group IV largely because gambiae was found breeding on the
bank of the Swakop tributary.

Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place
none A. gambiae river pools

Locus: Swakop River tributary
Number of habitations examined: 20.
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(2) Conclusions
Numerous river pools, dams, etc., were searched and gambiae larvae

found once only, namely, in a pool on the river bank. Under exceptional
conditions breeding may become prolific, but this must be a rare happening.
Because gambiae was found the area is placed in Wilson's Group IV.

(11) AUKEIGAS NAlTVE RESERVE

Rainfall: 10-15 inches (250-380 mm)
Altitude: 5,000 feet (1,500 m)
This small Reserve lies just outside Windhoek in the Khomas Hochland.

The country is mountainous and rugged. There is a large dam in the Reserve,
and the Arigab river contained an appreciable amount of water. Various
rain-water pools were also in evidence.

Date of examination: March 1950
People examined: Damara children at the Rhenish Mission School

in the Reserve.
No drug prophylaxis.

Malaria Endemicity

(1) Survey results: splenomegaly according to age

Numbers in
spleen class

Age-group

0

0-1 4

2-5 14

6-10 17

11-20 35

21 -30 -

31 + -

Total 70

Locus: Rhenish Mission School
Race: Damara

Presumed Vectors

(I) Survey results
No adults were found in seven huts searched near the Mission School

and no larvae in pools, seepages, dams, etc.
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(2) Conclusions
The Reserve appears to be outside the malarious zone, perhaps because

of its altitude. Since gambiae has been collected nearby at Windhoek,
however, Aukeigas is placed in Wilson's Group IV.

(12) DOBRA
Rainfall: 10-15 inches (250-380 mm)
Altitude: 5,000 feet (1,500 m)
D6bra lies a few miles north of Windhoek on the road to Okahandja.
Date of examination : March 1950
People examined: A few children in the Roman Catholic School.
No drug prophylaxis.

Survey results
Eighteen schoolchildren were examined and no enlarged spleens found.

The priest in charge said that there was no history of malaria in the place
and that he slept without a net. A search of nearby native huts yielded
no adult mosquitos, and pools, seepages, and so on, no larvae.

Because of its proximity to Windhoek where gambiae has been found
this place is put into Wilson's Group IV.

(13) WINDHOEK TOWN

Rainfall 10-15 inches (250-380 mm)
Altitude: 5,000-6,000 feet (1,500-1,800 m)
No investigations were made. It is well established, however, that

fresh infections of malaria have been acquired in the town, though the
endemicity is generally regarded as being very mild. The Railway Health
Department has records of gambiae collected locally in April 1947, and at
the South African Institute for Medical Research there are records of adults
being captured in May 1934 by J. W. Phillips and in May 1942 by Major
Murray.

According to the report of the Medical Inspector of Schools in 1945,
70 out of 312 children at the High School gave a history of malaria, and
during the years 1947, 1948, and 1949, 0, 23, and 4 absentees due to malaria
were recorded. The children at this school come from far and wide and
may have picked up their infections elsewhere.

The railway health report records a total of 31 cases of malaria during
the years 1938-48. In 1947 there were 13 cases at a time when gambiae
was found to be breeding locally.

The area is placed in Wilson's Group IV: it probably lies on the
periphery of the epidemic region and outbreaks of varying intensity
depending on gambiae breeding and the availability of gametocyte carriers
are to be expected.
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(14) OKAHANDJA TOWN

Rainfall: 10-15 inches (250-380 mm)
Altitude : 4,000-5,000 feet (1,200-1,500 m)
No investigations were made except that larvae were collected in road-

side pools near the town and the presence ofgambiae breeding was confirmed
during March.

An official of the local Government Training School said that there
was no malaria among the pupils but that a case had been recorded some
years ago. The pupils received regular proguanil prophylaxis.

The town is placed in Wilson's Group IV.

(15) OTJIMBINGWE NATIVE RESERVE

Rainfall : 5-10 inches (130-250 mm)
Altitude : 3,000-4,000 feet (900-1,200 m)
The welfare officer's headquarters and the Mission School lie on the

Swakop river, which at the time of the survey visit was in flood and flowing
very rapidly. Ordinarily the river presents a dry, wide, sandy bed. The
country is broken with precipitous hills. The Reserve fringes on the Namib
Desert and the rainfall is low. Years of exceptional rainfall like 1950 are
not unknown.

Date of examination: March 1950
People examined: Mixed Damara and Herero children in the Rhenish

Mission School.
No drug prophylaxis.

Malaria Endemicity
(1) Survey results: splenomegaly according to age

Numbers in
spleen class

Age-group

0

0-1-

6-10 33

11 - 20 33

21 -30 -

31+ -

Total 66

Locus: Rhenish Mission School
Race: Damara and Herero
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(2) Information from other sources
The welfare officer said that there had been over 100 cases of malaria

in the Reserve late in 1948. The principal of the school declared that
malaria was bad when the rains came late, e.g., in February.

(3) Conclusions
There is a history of malaria and because of the entomological findings

the Reserve is placed in Wilson's Group IV. It is reasonable to suppose
that gambiae will at certain times find breeding conditions favourable and
so cause outbreaks if they become infected.

Presumed Vectors

(1) Survey results
Adults Larvae

Species Number Number Number with positive
found dissected glands stomach

A. gambiae 3 2 0 0
A. listeri 66 35 0 0
Locus: Environs of welfare officer's establishment
Number of habitations examined : 23.

(2) Conclusions
The Swakop river was in flood and so most of the breeding-places were

destroyed. It would have been interesting to see the Reserve once the river
had subsided. In spite of intensive search in likely-looking pools, of which
there were not many, no anopheline larvae were found. The predominant
species found in habitations was listeri. Many were captured with blood-filled
stomachs, in huts, but they were all dissected and no specimens preserved
for establishing the source of the blood meal. It seems reasonable to assume
that they were feeding on human beings. These listeri all proved to be
negative on dissection, but there was so little malaria during our visit that
unfortunately the one opportunity during the whole survey of establishing
whether this species was a vector or not yielded inconclusive evidence.
(For further information on listeri, see section 7.3.3.) The breeding-
places of listeri are essentially similar to those of gambiae, and wide, sandy
river-beds would provide these in abundance once floods subsided.

(16) KARIBIB TOWN

Rainfall 5-10 inches (130-250 mm)
Altitude 3,000-4,000 feet (900-1,200 m)
Date of examination : March 1950
People examined : European children in the local Government School

and mixed Herero and Damara children in the Rhenish Mission School.
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As neither of these two groups took prophylactic drugs and no enlarged
spleens were found they are combined for the sake of brevity.

Malaria Endemicity

(1) Survey results; splenomegaly according Numbers in
to age spleen class

Age-group
(2) Information from other sources 0

(a) School Medical Officer's report. In
1945, 8 out of 32 children gave a history of 0-1 -

malaria. During the years 1947-9 there 2- 5 -

was no absenteeism due to malaria. 6-10 19

(b) Railway health report. Four cases 11-2 31

of malaria were reported here in 1947. 21 -30 -

31 + -

(3) Conclusions
The area appears to lie on the fringe of Total 50

the epidemic zone and is placed in Wilson's Locus: local schools
Group IV. Race : European and mixed native

Presumed Vectors
(1) Survey results

No entomological investigations were carried out.

(2) Information from other sources
(a) Railway health report. In May 1947 larvae of gambiae were

recovered. This coincided with the 4 cases of malaria mentioned above.

(3) Conclusions
This evidence supports the conclusion given above, and the town is

placed in Wilson's Group IV.

(17) USAKOS TOWN

Rainfall: 5-10 inches (130-250 mm)
Altitude: 2,000-3,000 feet (600-900 m)
The town of Usakos lies on the southern bank of the Khan river which

was in flood at the time of our visit. The country is hilly and mountainous,
the drainage good, and, apart from the river, which is normally dry, there
appears to be little scope for pool-breeding anophelines.

Date of examination : March 1950
People examined: Non-European schoolchildren, mainly Damara and

Herero, in the Roman Catholic Mission School.
No drug prophylaxis.
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Malaria Endemicity

(1) Survey results: splenomegaly according to age

Numbers in spleen
class

Age-group

0 1

0-1 - -

2-5 - -

6-10 25 1

11 - 20 49 -

21-30 - -

31+ - -

Total 74 1

Locus: Roman Catholic Mission School
Race: Damara and Herero

(2) Information from other sources
(a) School Medical Officer's report. In 1945, 17 out of 107 and, in

1947, 17 out of 146 children gave a history of malaria. In the years
1947-9 absenteeism due to malaria was 18, 18, and 0.

(b) Railway health report. During the period 1938-48, 30 cases
amongst railwaymen, mostly firemen, were reported. These infections
may, of course, have been picked up elsewhere on the line to the north.

(c) Local railway-health foreman. Malaria was noted among imported
native labourers from the north.

(3) Conclusions
It is clear that there was little or no active malaria at the time of the

survey. There is, however, some history of malaria in the past, though
based on clinical diagnosis only. The area is placed in Wilson's Group IV.

Presumed Vectors
(1) Survey results

Because of heavy rain and the flooded river no entomological work
was carried out, but a gambiae female was taken in the survey caravan
about two miles (3 km) out of the town.

(2) Information from other sources
At the South African Institute for Medical Research there are records

ofgambiae caught in habitations in May 1942 (collections of Major L. Fourie
and Major Murray).
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(3) Conclusions
The fact that gambiae has been recorded supports the view that the

town should be placed in Wilson's Group IV.

(18) OKOMBAHE

Rainfall: 5-10 inches (130-250 mm)
Altitude: 2,000-3,000 feet (600-900 m)
At the time of the visit the Omaruru river was in flood and potential

breeding-places were very rare. Ordinarily the river presents a wide
expanse of sand with little water.

Date of examination: March 1950
People examined: Damara children in the

on the south bank of the Omaruru River.
No drug prophylaxis.

local Government School

Malaria Endemicity

(1) Survey results: splenomegaly according
to age

(2) Information from other sources

No history of malaria was obtained
from the local European store-keeper, the
priest in charge of the Mission, or the welfare
officer who lives on the north bank.

(3) Conclusions

This area appears to be free of malaria,
but because of entomological evidence it is
placed in Wilson's Group IV.

Numbers in
spleen class

Age-group

0

0-1 -

2-5 4

6- 10 15

11-20 42

21 -30 -

31+ -

Total 61

Locus: Government Native School
Race: Damara

Presumed Vectors

(1) Survey results
Adults
none

Larvae
A. gambiae

Breeding-place
river pools

Locus: Catholic Mission environs
Number of habitations examined: 14.

(2) Conclusions
Larvae of gambiae were found only once, breeding in fair numbers in

a pool off the main flood of the river. It is reasonable to suppose that
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breeding would increase once the river subsided. This species is apparently
established here, and the area is placed in Wilson's Group IV.

(19) OMARURU TOWN

Rainfall 10-15 inches (250-380 mm)
Altitude : 3,000-4,000 feet (900-1,200 m)
This town lies on the Omaruru River which was in flood at the time of

the visit. The country is well wooded and covered with grasses. With
the subsidence of the river, which has a wide, sandy bed, many potential
gambiae breeding-places would no doubt appear.

Date of examination : April 1950
People examined : children in the local native location of mixed tribes,

mainly Damara and Herero.
No drug prophylaxis.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers grNumbers in spleenNumbers class
Age-group parasites

V 01

0-1 _ 13

2-5 1 521

6 - 10 - 63 -

11-20 - 81 -

21 - 30 _

31 +--

Total 1 209 1

Locus town location Race Damara and Herero

A blood-slide taken from the child with the enlarged spleen was positive
for P. vivax as reported above.
(2) Information from other sources

(a) School Medical Officer's report. In 1945, 31 out of 165 children
gave a history of malaria. In the years 1947-9, absenteeism amounted to
193, 82, and 0 due to malaria.

(b) Railway health report. From 1938 to 1948, 2 cases of malaria
were reported.
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(c) The local district surgeon said that in his 23 years of experience of
the place there had been very little malaria but now and again cases did
occur.

(3) Conclusions
Malaria is mildly endemic here and sporadic outbreaks may be expected.

It is placed in Wilson's Group IV.

Presumed Vectors

(1) Survey results
Adults Larvae
none none

Locus: town location and environs
Number of habitations examined: 29.

(2) Information from other sources
(a) Railway health report. There is a record of gambiae having been

found breeding in river pools in April 1947.

(3) Conclusions
The location huts had been sprayed with DDT in February and in

addition river pools were sprayed with oil as a regular measure. This may
account for the absence of gambiae during the visit. However, borrow-pits
and other potential breeding-places outside the sprayed area were also
found to have no larvae, and no adults were taken in camp. Since gambiae
has been reported, this place is assigned to Wilson's Group IV.

(20) OTJOHORONGO RESERVEF

Rainfall: 3-5 inches (80-130 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
In this rather dry area there is normally very little surface water. A

large dam, however, has been built near the welfare officer's quarters
at Omatjette and there is much seepage below it. The country is flat
and sandy with limestone formation. Even in an exceptionally wet
season such as in 1950 there appeared to be little scope for gambiae breed-
ing in the Reserve except along the Omaruru river which forms its southern
boundary.

Date of examination: April 1950
People examined: Mixed Herero and Damara children from the

Omatjette School and the following two posts in the Reserve: Otjohorongo
and Osondati.
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Malaria Endemicity

(1) Survey results: splenomegaly according
to age

(2) Information from other sources

According to information from the welfare
officer and the local European store-keeper
there is very little history of malaria in the
Reserve.

(3) Conclusions

Largely because ofentomological evidence,
the area is placed in Wilson's Group IV ; it
appeared to me, however, that the chances
of epidemic malaria breaking out were fairly
remote.

Age-group

Numbers in
spleen class

0

0-1 15

2-5 46

6-10 53

11 - 20 46

21 -30 -

31+ -

Total 160

Locus: Omatjette, Otjohorongo,
and Osondati

Race : Damara and Herero

Presumed Vectors
(1) Survey results

Adults
none

Larvae

A. gambiae
Breeding-place
seepages

Number of habitations examined: unknown.

(2) Conclusions
Unfortunately no record was kept of the number of habitations searched;

however, no adults were found in them. In the bathroom of the welfare
officer's house very large numbers of A. listeri were captured ; these were
unfed and appeared to have entered for shelter. In the early morning they
were very actively flying up against the window. Because of their unfed
state and the absence of malaria among local people they were not dissected.
A wide search in the Reserve of potential breeding-places yielded some
listeri larvae and a single specimen of gambiae. The possibility of extensive
gambiae breeding in the Reserve, except along the Omaruru and Ugab
Rivers, seems to me to be remote.

The Reserve is placed in Wilson's Group IV.

(21) BRANDBERG

Rainfall : About 5 inches (130 mm) or less
Altitude: 1,000-2,000 feet (300-600 m)
Date of examination : April 1950
A visit was made to the Brandberg to examine a reputed perennial

stream which issues from the mountain and to ascertain what species of
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stream- and pool-breeding anophelines were present. The mountain lies
in very dry country on the edge of the Namib Desert and there are no
human inhabitants. A representative of the Uis Mine and a farmer who lives
on the bank of the Ugab river said that there was no malaria.

The Brandberg stream proved to be a small rivulet situated in a deep
kloof. The water was fairly abundant and crystal clear. Numerous cascades
and rock pools separated by short stretches of fairly level ground were
characteristic of the stream. In the short, level parts the banks were vegetated
and it was among such vegetation that the anopheline larvae were found.
They appeared to be fairly numerous. Two species were collected
(1) A. rhodesiensis, which is not generally regarded as a vector of malaria;
and (2) A. moucheti, which is a proved vector in the Congo and Uganda.

The occurrence of moucheti in this isolated locality in South-West
Africa is truly remarkable. The species is usually regarded as having a
Central African distribution, having been recorded only from the Came-
roons, Northern and Eastern Highlands of the Belgian Congo, and Uganda.
The present record in South-West Africa is based on several larvae and,
though these appear to be typical, confirmation based on adults, which
I did not succeed in obtaining, is required.

The Ugab was in heavy flood at the time of the visit and no larvae were
found. It is not known, therefore, if gambiae breeds here. The findings
on this same river some 90 miles (145 km) upstream, however, indicate that
if pools remain in the river-bed after heavy rains, gambiae breeding may
be expected if only for a short spell (see Ugab River Camp).

(22) UGAB RIVER CAMP

Rainfall: 5-10 inches (130-250 mm)
Altitude: 2,000-3,000 feet (600-900 m)
Date of examination: April 1950
On the road between Omatjette and Franzfontein the party camped

for one night on the Ugab River on the farm Omburo. The Ugab,
though it had some water, was not so flooded as at Brandberg. Numerous
pools on the sandy bed of the river were to be seen. In the evening very
large numbers of gambiae, listeri, and some other species flew into camp
and attacked the members of the party. Such numbers of anophelines
had not been seen before. The next morning equally large numbers
were encountered.

It was quite obvious that conditions were very favourable for gambiae
breeding, and led one to believe that all the heavily flooded rivers which
we had seen, e.g., Swakop, Khan, and Omaruru would, once they had
subsided, likewise produce large numbers of this species.
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Farm-houses are very scattered in this area and I had no opportunity
of determining if there was any active malaria. It is obvious, however,
that localized outbreaks could occur if reservoirs of infection, e.g., Ovambo
farm labourers, were available.

This region in placed in Wilson's Group IV.

(23) FRANZFONTEIN RESERVE

Rainfall: 5-10 -inches (130-250 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
At Franzfontein police station, the headquarters of the Reserve, there

are a number of strong-flowing perennial fountains. The water issues from
limestone formation on the side of a hill, flows rapidly for some distance,
and then disappears in swampy ground and in a large garden. In the rest
of the Reserve there is very little surface water except during heavy rains.
The area appears to be frost-free since tropical fruits flourish.

Date of examination: April 1950
People examined: children, mixed Nama, Damara, and Herero tribes,

in the local Rhenish Mission School and at Posts 1, 2, 3, 4, and 5.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers in spleenNumbers class
Age-group 1showingAge-group parasites I-

V 0 Ii 2

0- 1 - 31 - -

2-5 92 - -

6-10 1 64 - 1

11 -20 - 92 - -

21-3 -30 -

31+ - - - -

Total 1 279 1

Locus: police headquarters and Posts 1, 2, 3, 4, and 5
Race: Damara, Nama, and Herero

(2) Information from other sources
From various sources I had learnt that malaria was severe at Franz-

fontein and the officer in charge of' the police station said that natives
living near headquarters used insecticidal sprays in their huts.
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(3) Conclusions
The child with the enlarged spleen noted above was found to be infected

with P. vivax parasites. Malaria appears to be mildly endemic here, espe-
cially in the immediate vicinity of the police station where the perennial
fountains supply breeding-places. The Reserve is placed in Wilson's
Group IV.

Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place

Species Number Number Number with positive
found dissected glands stomach

A. gambiae 13 12 0 0 A. gambiae seepages
Locus: police station and environs
Number of habitations examined: 18.

(2) Conclusions
Most of the adult gambiae were caught in two huts. The relative

scarcity of adults when considering the large number of breeding-places
may be due to insecticidal spraying by natives. Larvae appeared to be quite
common. Away from the police headquarters at Posts 1, 2, 3, 4, and 5
there appeared to be little scope for breeding. Because of the absence of
frost, gambiae probably persists here throughout the year. The introduction
of a human reservoir of P. falciparum is quite likely to give rise to small
or large outbreaks involving the natives and Europeans living in the
vicinity of police headquarters.

The whole Reserve is placed in Wilson's Group IV.

(24) OUTJO TOWN

Rainfall: 15-20 inches (380-500 mm)
Altitude: 4,000-5,000 feet (1,200-1,500 m)
Outjo Town is situated on the west bank of a small river and the town

location on the east bank. Conditions in the location, as far as risk of
malaria is concerned, are similar to those of the town. The country is
broken, well wooded, and covered with grass. Various depressions in and
around the town, however, yield many potential gambiae breeding-places.
At the time of the visit there had been much rain and gambiae was flourish-
ing. The rainfall is fairly regular, but droughts are not unknown. The
region is subtropical in climate. Children in the European school had
received proguanil prophylaxis but apparently none had been given in
the 1950 season.

Date of examination : April 1950
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People examined: native children in town location of mixed tribes:
mainly Damara, Herero, Nama, and coloured.

No drug prophylaxis.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
parasites class

Age-group

F V 0 1 2 3

0- 1 - - 15 - - -

2-5 1 2 79 3 - 1

6-10 - - 59 1 1 -

11 -20 - 54 - - -

21-3 -30 - - - -

31 + - -

Total 1 2 207 4 1 1

Locus: town location Race: mixed

Of the 6 children with enlarged spleens 3 showed parasites, one showing
P. falciparum and two, P. vivax.

(2) Information from other sources
(a) School Medical Officer's report. In 1947, 35 out of 225 and, in

1949, 95 out of 362 children gave a history of malaria. Malaria
accounted for absenteeism amounting to 168 in 1947, 57 in 1948, and 141
in 1949. These children mostly come from outlying parts.

(b) Railway health report. During the years 1938-48 only one case
of malaria was reported among railway personnel.

(c) The district surgeon said that there was more malaria in the
district than in the town. The distribution was patchy in the district.
Sometimes nearly all the inhabitants, European and native, of one farm
were attacked whereas the adjoining farm would be unaffected.

(d) The magistrate said that malaria was very prevalent in some
years and practically absent in others.

(e) Dr. N. J. Krause was of the opinion that malaria was over-
estimated because diagnosis was largely clinical. He said that many lay
people were convinced that they had malaria and demanded treatment. He
had submitted nearly 50 blood-smears of people suspected of having
malaria to a recognized laboratory, and only 2 were found to be positive.
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(3) Conclusions
Malaria is mildly endemic and characterized by sporadic outbreaks

which may be localized or widespread. Since gambiae appears to be
common, outbreaks are probably largely dependent on the availability of
human reservoirs and for this reason the infected farm labourer is of
vital importance to the community.

The area is placed in Wilson's Group IV.

Presumed Vectors
(1) Survey results

Adults Larvae Breeding-place
Species Number Number Number with positive

found dissected glands stomach
A. gambiae ? 50 0 0 A. gambiae rain pools
Locus: town and environs

(2) Conclusions
A large number of adult gambiae was collected in the location huts.

It was estimated that there was a density of about 50 adults per hut near
the river. Such an infestation had not been seen before. Adults attacked
the survey party in camp in large numbers. Unfortunately there was not
time to dissect more than 50 adults and these all proved to be negative
for salivary-gland infections. The relative absence of malaria in the presence
of such large numbers of gambiae is quite remarkable, and one can only
conclude that there were not enough human reservoirs to infect them.
The infection-rate amongst the gambiae must have been very low.

The survey passed through Outjo again in July and it was learnt that
since the last visit in April there had not been more than the usual amount
of malaria.

Although the location natives examined were not receiving any pro-
phylactic drugs, they are, when ill, treated with modern antimalarials,
which tend to reduce relapses, especially of P. falciparum. It is impossible
to say if these drugs are responsible for the low endemic indices found.
Again, the large numbers of gambiae found may have been quite peculiar
to this particular season, and in normal seasons there may be insufficient
numbers of these vectors to make any impression on the low endemicity
of the disease.

The region is subtropical but there is no evidence to show that gambiae
breeds throughout the year. There may be a long break in the transmission
season. Indeed collections made by the South African Railways and
Harbours in February and April 1949 yielded no gambiae at all.

In spite of the fact that such large numbers of gambiae were found, the
low order of malaria endemicity forces one to the conclusion that the
infestation was quite exceptional, and the area is placed in Wilson's
Group IV.
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(25) OTJIWARONGO TOWN

Rainfall : 15-20 inches (380-500 mm)
Altitude: about 5,000 feet (1,500 m)
This place lies at a higher altitude than Outjo and probably has a colder

climate or at least a colder or longer winter. No precise information was
available. The country is very similar in the two places, being somewhat
broken and covered with dense thorn bush and grasses.

Date of examination : April 1950
People examined: children of mixed Herero, Damara, and Ovambo

tribes in town location.
No drug prophylaxis.

Malaria Endemicity

(1) Survey results: splenomegaly according
to age.

(2) Information from other sources

(a) School Medical Officer's report. In
1944, 57 out of 219 and, in 1946, 60 out of
280 children in the local European school
gave a history of malaria. Malaria accoun-
ted for 266, 124, and 6 absentees during
1947, 1948, and 1949. The children are
mostly from the surrounding district and
receive proguanil prophylactically.

(b) Railway health report. During the
period 1938-48 13 cases of malaria were
reported.

(3) Conclusions
Malaria is mildly endemic. Localized

Numbers in
Age-group spleen class

0

n-i -

2-5

6-10

11 - 20

21 -30

31 +

Total

106
179

285

Locus: town location schools
Race: mainly Damara, Herero,

and Ovambo
No enlarged spleens were found,

so blood-slides were not taken.

outbreaks may occur depending on gambiae breeding and availability of
human reservoirs. The area is placed in Wilson's Group IV.

Presumed Vectors

Adults
Number
dissected

Larvae
Number with positive
glands stomach

- A. gambiae
Locus : town and environs
Number of habitations examined: 18.
Although separated by a distance of less than 50 miles (80 km) from

Outjo, conditions here were quite different. The number of adultgambiae
6

(1) Survey results
Species Number

found
A. gambiae 22

Breeding-place

rain pools
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per hut fell from 50 to just over 1. There appeared to be no obvious reason

for this.
(2) Information from other sources

(a) Railway health report. In April 1947 gambiae was found here.

(3) Conclusions
Fewer gambiae were found here than in Outjo, perhaps because of

higher altitude and hence lower mean temperature. Breeding of the vector
will vary from year to year as will the number of cases of malaria. The
place obviously lies within the epidemic zone and is placed in Wilson's
Group IV.

(26) WATERBERG NATIVE RESERVE

Rainfall: 15-20 inches (380-500 mm)
Altitude: 4,000-5,000 feet (1,200-1,500 m)
The Omatako Omuramba flows through this Reserve and some of the

posts mentioned below are situated on its banks. Normally this Omuramba
is dry except for occasional pools made principally by natives digging in
the bed. At the time of the visit it was flowing quite rapidly in some parts.
Natives said that the last time the Omuramba flowed was in 1934 when,
according to a local store-keeper, there was a severe epidemic of malaria.

The country is flat and sandy but numerous pans filled with water were

in evidence so that there was ample opportunity for mosquito breeding.
Date of examination : April 1950
People examined: Herero natives, namely children at the following

posts in the Reserve: Okakarara, Oroneihei, Omeihei, Omatupa, Omba-
wakura, Omupandu.

Malaria Endemicity
(1) Survey results: parasite

incidence and spleno-
megaly according to age

Blood-smears taken
from the two children with
enlarged spleens were both
positive for P. falciparum.
In the presence of the
heavy gambiae breeding
found, it was surprising
that so litfie malaria was

discovered. It is possible
that the survey was too
early and it will be seen

that malaria was more

Numbers Numbers in spleen
showing class

Age-group parasites

F 0 1 2

0-1 - 21 - -

2-5 2 62 - 2

6-10 - 59 - -

11 - 20 _ 63 - _
21 -30 _ - _

31 + - - -

Total 2 205 2

Locus: Okakarara, Oroneihel, Omeihel, Omatupa,
Ombawakura, and Omupandu Race: Herero
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active in the Otjituo Reserve, which lies north and east of Waterberg, in
May. Otjituo is at a lower altitude and temperature conditions may be
more favourable for the vector.

(2) Information from other sources
On the way to the Reserve the School Medical Officer was met returning

from it. He had examined native children in the Government School,
Okakarara, and had found no enlarged spleens among them.

(3) Conclusions
In spite of heavy gambiae breeding there was little malaria even among

people living on the Omuramba Omatako. It is possible that more malaria
would have been found in May or perhaps June, but against this must be
set the fact that winter was approaching and the nights even in April were
very cold. The area apparently suffered a severe epidemic in 1934 when
unusually heavy rains fell over the whole of South-West Africa.

My conclusion is that malaria is mildly endemic and that outbreaks
may be expected. The Reserve falls into the epidemic zone and is placed
in Wilson's Group IV.

Presumed Vectors
(1) Survey results

Adults Larvae Breeding-place
Species Number Number Number with positive

found dissected glands stomach
rain pools

A. gambiae 42 - A. gambiae rivers and streams
pans

Locus: Okakarara
Number of habitations examined: 3.

(2) Conclusions
There was much breeding of gambiae in all parts of the Reserve visited.

The numerous pans yielded many larvae as did water collections in the
Omuramba Omatako. Adult gambiae were very common in camp and it
was necessary to sleep under nets. The nights were rather cold-unfortun-
ately no temperature records were taken-and an interesting observation
on the behaviour of gambiae was made. In the evening adults were very
active and continued to be so until very early in the morning. At sunrise
(about 7 a.m.) no gambiae were seen flying around but could be collected
in large numbers in a torpid state on the bed-nets, beds, etc. It appeared
that they were too cold to fly and could be handled with ease. As the sun
rose and warmed the air, they became active and by 9 a.m. they were flying
around and biting actively. By 10 a.m. the air had apparently become
too warm and activity again ceased. The survey camp was out in the open
so that the mosquitos were subjected to the outside air. Temperatures
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inside native huts would, of course, tend to be higher than outside and
it is possible that gambiae activity does not cease in the early morning.
What surprised me was the biting in bright sunlight in the early morning.
In all my experience I had not encountered this before, but then this was
also my first experience of gambiae in a semi-desert climate.

The absence of a sharp outbreak of malaria in the Reserve was rather
remarkable under the circumstances and somewhat similar to the conditions
seen at Outjo (see page 372). Whether the cold nights had anything to do
with it is not known for certain, but it is quite likely that a combination
of cold and the absence of sufficient human reservoirs to infect the mosquitos
is responsible.

The Reserve falls well within the epidemic region and is placed in
Wilson's Group IV. The degree of endemicity is bound to vary from year
to year. Rainfall obviously plays an important part, but the problem
is a complex one and not to be solved by a short survey.

(27) GROOTFONTEIN TOWN
Rainfall: 20 inches (500 mm)
Altitude : about 5,000 feet (1,500 m)
The town of Grootfontein lies on a long, low hill overlooking vast

flats especially to the south. The flats below the town and within easy
reach of it seem quite suited to gambiae breeding.

Date of examination: April 1950
People examined: children, mainly of mixed Herero, Damara, and

Ovambo tribes in the Rhenish Mission School and the town location.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
parasites class

Age-group

F V 0 1 2 3 4

0-1 -- 29 - - - -

2-5 - 48 - - - -

6-10 1 1 53 2 - - 1

11 -20 2 1 82 - - 1 -

21-30 - - - _ - -

31 +--- - - - -

Total 3 2 212 2 - 1 1

Locus: Rhenish Mission School and town location
Race: Mixed, mainly Herero, Damara, and Ovambo
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The four children with enlarged spleens had positive blood-smears.
One other child with no enlarged spleen but with a temperature had a
heavy infection of P. falciparum with gametocytes. This last-mentioned
child lived in the location, but the four others with enlarged spleens and
parasites, when finally questioned, said they had only recently arrived
from Otjituo Reserve.

(2) Information from other sources
(a) School Medical Officer's report. In 1945, 1946, and 1948, 86, 66,

and 12 out of 186, 180, and 80 European children gave a history of
malaria. In 1947, 1948, and 1949, 189, 62, and 119 absentees were noted.

(b) Railway health report. During the period 1938-48, 15 cases of
malaria were reported; of these no fewer than 12 were among Road Motor
Transport personnel working on the Ovamboland Route.

(c) The district surgeon said that malaria was prevalent in the
district but that Grootfontein itself was relatively free.

(3) Conclusions
The survey figures show that there is not much malaria in Grootfontein

itself, and this is borne out by the district surgeon. The high figures reported
by the School Inspector are probably due to the children coming from
elsewhere and the method of recording from histories. The survey findings
in the Grootfontein District appear to show that the 4,000-feet (1,200-m)
contour, on the north and east sides at least, marks the limit of Wilson's
Group IV. On the west side the 15-inch (380-mm) isohyet appears to be the
limiting factor.
A contributory factor on the eastern side appears to be the Omatako

Omurambo which, as it approaches the low-lying parts of the district,
e.g., in the Otjituo Reserve, seems to be more suitable for gambiae.

For these reasons Grootfontein itself and most of the district lying
above the 4,000-feet (1,200-m) contour is placed in Wilson's Group IV,
but there is little doubt that some parts of the low-lying country on the
Omatako Omurambo towards the Otjituo Reserve belong to Wilson's
Group III. The exact boundary between these two Groups is, of course,
difficult to define and in any case will tend to vary from season to season.

Presumed Vectors
(1) Survey results

Adults
Species Number Number Number with positive

found dissected glands stomach
A. gambiae 9 7 0 0
Locus: town and location
Number of habitations examined: 48.
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(2) Information from other sources

(a) Railway health report. No gambiae were recorded amongst col-
lections of larvae made in March and October 1946, and May 1948.

(3) Conclusions

It appears that gambiae does not breed to any extent in Grootfontein
and its immediate environs. In the native location situated below the
town hill very few adults were captured and none was taken in the survey
camp at two different sites near the town.

The entomological findings bear out those gathered from other sources,
and Grootfontein is placed in Wilson's Group IV.

(28) MARIA BRON

Rainfall: 20 inches (500 mm)
Altitude: about 5,000 feet (1,500 m)
This Mission farm lies about 5 miles (8 km) north-west of Grootfontein

on the road to Tsumeb. The country is broken and very hilly, but the
main Mission buildings are situated on a flat where there is abundant open
water. Subtropical fruits flourish but are occasionally destroyed by frost.

Date of examination : April 1950
People examined: children in the Roman Catholic Mission School.
No drug prophylaxis.

Malaria Endemicity

(1) Survey results: splenomegaly according Numbers in
to age spleen class

Age-group

(2) Information from other sources 0

The priest in charge of the Mission and 0-1-
the sister, who had lived there for 15 years, 2-5 -

said that malaria was not a problem among 6-10 23
schoolchildren. 11 - 20 30

21 -30 -

(3) Conclusions 31 + -

This place confirms evidence obtained Total 53

at Grootfontein and is placed in Wilson's Locus: Roman Catholic Mission
Group IV. School
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Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place

Species Number Number Number with positive
found dissected glands stomach

A. gambiae 13 - A. gambiae dams

Locus: Roman Catholic Mission School
Number of habitations examined: 9.

(3) Conclusions

There is some gambiae breeding here, possibly more than at Groot-
fontein, but nothing to dispute the conclusion that the area falls into
Wilson's Group IV.

(29) KANO VLEI CAMP

Rainfall: 15-20 inches (380-500 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
The survey party camped here for one night on the way to Runtu

on the Okavango. The vlei forms part of the Omatako Omuramba
and numerous gambiae came into camp and attacked the party. It is
quite possible that the Omatako in its lower reaches, at least, forms a per-
manent breeding-ground for gambiae and that this species invades the upper
reaches for variable distances, depending on rainfall and temperature, in
summer.

There were not enough natives in the vicinity to make an examination
of spleen- and parasite-rates.

Date of examination : May 1950

(30) OKAVANGO RIVER

Rainfall : 20 inches (500 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
Date of examination: May 1950
People examined: natives living along the Okavango River at the

following places: Runtu, Nyangana, Andara, and Musese. Nyangana
and Andara are approximately 100 miles (160 km) and 140 miles (224 km)
respectively east of Runtu, and Musese about 70 miles (113 km) west.
Conditions at all these places were so similar that the results have been
combined.
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Malaria Endemicity

(1) Survey results:
(a) parasite incidence according to age

no
parasites F

11

9

15

38

30

46

149

26

69

37

71

25

15

243

Numbers showing
Showing

Showing
falci-

ected parum
% gameto-

cytes
V

3

5

3

13

mixed

5

9

2

0

1
0

17

total
infec-
ted *

32

79

44

72

28

15

270

43

88

59

110

58

61

419

74 10

90 19

75 4

65 3

48 3

25 2

64 -

parasites

M

3

5

4

0

2

0

14

* A subject infected with more than one species of Plasmodium is counted only once.

(b) splenomegaly according to age

Numbers in spleen class Enlarged spleens Average
Age-group enlarged

0 1 2 3 4 5 total % spleen

0- 1 33 9 8 8 5 0 30 48 2.3

2- 5 22 21 27 21 13 2 84 79 2.4

6 -10 38 22 13 5 1 0 41 52 1.7

11 -20 109 34 7 4 1 1 47 30 1.5

21-30 96 8 2 3 1 0 14 13 1.6

31 + 103 2 4 3 3 0 12 10 2.5

Total 401 96 61 44 24 3 228 36 -

Total Inf
examined

(2) Conclusions
The above figures show that the spleen- and parasite-rates increase

from birth and reach maxima of 79% and 90% respectively in the 2-5 years'
group. They then begin to decline and reach their lowest levels in the
age-group 31 years and older. The data show malaria of the severest
kind and are typical of hyperendemic malaria in many parts of Africa.
They show that the population has acquired a collective immunity,
because as the subjects grow older their spleen size decreases and parasites

Age-group

0-1

2-5

6-10

11 - 20

21 -30

31 +

Total

Numbers showing
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become rarer. This picture is obtained only in areas where there is no
break in the transmission season. The vectors are active all the year round
and infection may be acquired in winter.

The one point of disagreement with conditions found in similar areas
in Africa concerns the average enlarged spleen. From the figures it will be
seen that this hardly varies with increase in age on the Okavango, whereas
in other hyperendemic areas it reaches its maximum in the 2-5 years' group
and then declines. I can find no ready explanation for this difference.

The data also show that, as in hyperendemic areas elsewhere, the
greatest percentage of falciparum-gametocyte carriers are to be found in
young children. They therefore form the most important reservoirs of
infection for mosquitos. Nevertheless, adult natives are not completely
harmless in this respect. It is merely a question of relative importance.

From the table of parasite-rates it is seen that 90% of all parasites
found were P. falciparum and that P. vivax and P. malariae, present in
equal proportion, make up the rest. It is quite obvious that P. falciparum
is by far the commonest cause of malaria, and hence human gametocyte-
carriers of this species are the most important for the territory.

As explained in part I, it was unfortunately found impossible to make
accurate parasite-counts. A rough record, however, showed that, as is
usual in hyperendemic areas, the heaviest infections are to be found among
children.

The Okavango falls into Wilson's Group I.
My findings on the Okavango tend to support the opinions of local

missionaries who through the years have insisted that malaria is very severe.
Whether the wide distribution of antimalarials in a hyperendemic area is
advisable or not may be debatable, but people concerned with health in
these regions cannot be blamed for regarding malaria as a complication
in all illnesses and treating it as such.

Presumed Vectors

(1) Survey results
Adults Larvae Breeding-place

Species Number Number Number with positive
found dissected glands stomach

A. gambiae 187 36 0 -A. gambiae rain pools
river pools
seepages
swamps and vleis
pans

A. funestus 36 14 0 A. funestus rivers and streams
swamps and vleis

Locus: Runtu, Andara, Musese
Number of habitations examined: 44.
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(2) Conclusions
The two well-known vectors of malaria, gambiae and funestus, are

present on the Okavango, and are no doubt responsible for the high malaria
indices found. The river is perennial, and breeding-places for both species
exist all the year round. Since the region verges on the tropical, there will
be no interruption of breeding due to cold weather. The number of adults
per hut cannot be taken as very accurate and merely serves as an indication
of the degree of infestation. I have no doubt that in reality it is much
heavier than indicated here.

Though only a small sample could be dissected because of lack of time,
it is nevertheless surprising that no glandular infections were noted. Stomach
infections were not searched for.

The area is put into Wilson's Group I.

(31) OMURAMBA OMATAKO TO 50 MILES (80 KM)
FROM RUNTU

Rainfall: 20 inches (500 mm)
Altitude: 3,000-4,000 feet (900-1,200 m)
Date of examination : May 1950
People examined: native people living along the Omuramba Omatako

at Nununui, Hamue, Naute, Sapilana, and Tjigo, 20, 26, 39,45, and 50 miles
(32, 42, 72, and 80 km) respectively from Runtu in a southerly direction.
Conditions appeared to be similar at all these places and the results have
been combined.

Malaria Endemicity

(1) Survey results:
(a) parasite incidence according to age

Numbers showing Showing
falci-

Age-group parasites Total Infected parum
no total examined % gameto-

parasites F V_ M mixed infec- cytes
~~~ted

0- 1 1 7 - - - 7 8 88 38

2- 5 1 20 - 3 - 23 24 96 23

6-10 1 7 1 - - 8 9 89 10

11 - 20 11 13 - - - 13 24 54 8

21-30 14 10 - - - 10 24 42 8

31 + 19 13 1 - - 14 33 42 11

Total 47 70 2 3 0 75 122 61 -
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(b) splenomegaly according to age

Numbers in spleen class Enlarged spleens Average
Age-group enlarged

0 1 2 3 4 5 total % spleen

0-1 5 1 - 1 - _ 2 29 0.6

2-5 8 5 8 5 4 1 23 74 1.8

6- 10 4 4 1 3 1 - 9 69 1.5

11 -20 21 7 2 2 - 1 12 36 0.7

21-30 33 1 1 2 - 4 8 20 0.7

31 + 47 7 0 1 2 2 12 36 0.4

Total 118 25 12 14 7 8 66 - -

(2) Conclusions
The trend of the figures is essentially similar to that for figures obtained

on the Okavango. It shows collective immunity among the people living
on the Omuramba and is typical of hyperendemic malaria. The spleen- and
parasite-rates do not fall to the same low level as on the Okavango, and
the 6-10 years' group shows higher parasite- and spleen-rates. This may
be an indication of a less solid im.munity. On the other hand, I have the
impression that malaria endemicity decreases as one moves away from the
river, but unfortunately there were not enough people to be examined to
be sure of this. Much higher up the Omuramba at Otjituo and Waterberg,
for example, malaria has of course a lower endemicity. Funestus, too, is
probably absent from the Omuramba whereas on the Okavango this
species as well as gambiae are active. Again, there is considerable movement
of people to the Okavango region from nearby places such as Nununui,
whereas people further away rarely visit so far.

Beyond Tjigo there are very few people living on the Omuramba or
near it, and it was not found possible to examine them. The southernmost
limit of the hyperendemic area could therefore not be determined, but my
findings at Nurugas (see page 386) show that this, at least, lies outside
it and my impression is that the 4,000-foot (1,200-m) contour and the
20-inch (500-mm) isohyet approximately mark its boundary.

Presumed Vectors
(1) Survey results

Work on mosquitos could not be carried out on the Omuramba as the
survey party had to move too quickly. It was obvious, however, from our
experience at Kano Vlei (see page 381) that gambiae is present in large
numbers in the Omuramba. Since there appeared to be no signs of running
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water or other breeding-places suitable for funestus, it is presumed that
this species is absent. Higher up the Omuramba at Otjituo, for example,
the Omuramba was flowing, but in spite of intensive search funestus was
not found. It seems that this species is absent from the whole Omuramba
up to its junction with the Okavango.

The Omuramba probably forms a permanent breeding-ground of
gambiae. In winter or in dry seasons this species probably survives in wells,
dams, etc., made in the bed of the Omuramba by natives. In some parts,
too, there are said to be permanent springs. Breeding must be heavy and
uninterrupted to give rise to the high degree of endemicity found by the
survey.

The region is placed in Wilson's Group I.

(32) NURUGAS

Rainfall: 15-20 inches (380-500 mm)
Altitude: 4,000-5,000 feet (1,200-1,500 m)
Date of examination : May 1950
People examined: Bushmen people living in the environs of the police

station: according to the officer in charge of the station these Bushmen
had been living at Nurugas for many years.

Malaria Endemicity

(1) Survey results: splenomegaly according to age

Numbers in spleen class
Age-group

0 1 2 3 4

0- 1 - - - - 2

2-5 - - - - 2

6-1 - - - 3 -

11 -20 1 - - - 2

21 -30 2 - 1 --

31 + 1 1 1 1 3

Total 4 1 2 4 9

Locus police station environs Race: Bushmen

(2) Conclusions
It is most unfortunate that so few people could be examined here. The

results do not warrant a detailed analysis, but it is quite evident that malaria

386



MALARIA SURVEY OF SOUTH-WEST AFRICA

is severe. It will be seen that there is hardly any decrease in the spleen-rate
with advancing age and no, or very little, sign of collective immunity. This
points to a severe and regular summer incidence of the disease and a
definite break in the transmission season.

The area is placed in Wilson's Group II.

Presumed Vectors

Lack of time prevented the survey from carrying out any entomological
investigations, but from experiences at Kano Vlei (see page 381) and
Otjituo (see below) the presumed vector is certainly gambiae.

(33) OTJITUO RESERVE

Rainfall: 15-20 inches (380-500 mm)
Altitude 4,000-5,000 feet (1,200-1,500 m)
Date of examination: May 1950
People examined : natives of the Herero tribe living near the welfare

officer's headquarters, at Ongongoro and Coblenz. Because of the small
numbers available for examination, the results are combined.

The Omuramba Omatako runs 'through this Reserve and serves as a
breeding-place for the vector. At the time of the visit it was flowing in
certain parts. On the whole it had much water.

Malaria Endemicity

(1) Survey results:

(a) parasite incidence according to age

Numbers showing Showing
____________________________________________ ~~~~~falci -

Total Infected parumAge-group no parasites total amined % gameto-
no ttlcytesparasites F V M mixed infec

0- 1 1 1 - - - 1 2 50 -

2- 5 17 15 2 - - 17 34 50 29

6-10 20 13 1 - - 14 34 41 9

11 - 20 20 6 _- - 6 26 23 15

21 - 30 4 1 - - - 1 5 20 -

31+ 8 2 -T7 2 10 1037

Total 70 38 3 - - 41 111 37 -
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(b) splenomegaly according to age

Numbers in spleen class Enlarged spleens Average
ge-group -enlarged

0 1 2 3 4 5 total % spleen

0-1 7 2 - - - - 2 10 0.2

2-5 38 5 2 1 - - 8 17 0.3

6- 10 36 3 2 1 - - 6 14 0.3

11 -20 31 2 1 - - - 3 9 0.1

21 - 30 5 1 - - - - 1 17 0.2

31 + 33 -

Total 150 13 5 2 - 20 12

(2) Conclusions
The numbers of people examined were unfortunately small. There is,

however, sufficient evidence to show that malaria has a fair degree of
endemicity. The figures, as regards parasite-rates, show the people to have
some degree of collective immunity. The highest degree of parasitization
is only 50%, found in the age-groups 0-1 and 2-5. The spleen-rates are
low and remain approximately at the same level to the adult stage. These
endemic characteristics place the area near Wilson's Group III, except that
the spleen-rate should be consistently higher than the parasite-rate in all
age-groups. There is no ready explanation for this divergence except that
the Otjituo people are known to go to Grootfontein for treatment, and it
may be that antimalarial drugs depress the spleens but that treatment is
not sufficiently thorough to prevent relapses.

From the endemic characteristics I conclude that Otjituo is subject to
sharp summer malaria with a long break in the transmission season during
winter, and it is placed in Wilson's Group III.

Presumed Vectors

Detailed work could not be carried out. On the Omuramba gambiae
came into the survey camp and bit freely. The nights were very cold and
in the early morning adults were caught in a torpid state as in the Water-
berg Reserve. When the air became warmer later in the morning they
recovered and again worried the party.

There was much water in the Omuramba and gambiae was found
breeding in large numbers.

The presumed vector is gambiae, and the area is placed in Wilson's
Group III.
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(34) NAMUTONI

Rainfall: 15-20 inches (380-500 mm)
Altitude: about 3,000 feet (900 m)
Namutoni lies on the edge of the Etosha pan. There is a perennial

fountain which serves as a breeding-place for mosquitos. The water in the
pan itself did not appear to be suitable for mosquitos, perhaps because
of its salinity.

Date of examination : June 1950
People examined : natives, mostly mixed Bushmen, living in the environs

of the police camp.

Malaria Endemicity
(1) Survey results:

(a) parasite incidence according to age

Numbers showing Showing

____________parasites falci-
Age-group no - __________ - _ _ Total Infected parumAge-groupparasitexamined % gameto-

parasites V M total cytesF Nubrmixed infec- s
ted

0-1 4 4 4- 4

2-5 11 6 6 17 35 5

6-10 8 2 - 2 10 25 -

11 -20 9 - - - - - 9 - -

21 -30 10 - - - - - 10 - -

31 + 15 - - - - - 15 - -

Total 57 8 - - 8 65 12 -

(b) splenomegaly according to age

Numbers in spleen class Enlarged spleens
Age-group

0 1 2 3 4 5 total

0- 1 6 - - - ---

2-5 9 3 2 3 - - 8 47

6-10 7 2 1 - - - 3 30

11 -20 8 1 - - 1 11

21 -30 10 - - -- --

31 + 13 1 - 1 - 2 13

Total 53 7 3 4 - - 14 21
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(2) Information from other sources
According to information from various sources in Grootfontein, this

place has a bad reputation. It is said that native labourers recruited for
work in the south remain in Namutoni for a night or so and many go
down with malaria on reaching Grootfontein.

(3) Conclusions
The small number of people available for examination does not warrant

any detailed analysis. The reduction of the spleen- and parasite-rates with
advancing age indicates some collective immunity, but it is not known
what part therapeutic drugs, which are dispensed by the local police, play
in producing this picture. It is obvious, however, that malaria is endemic.
There is probably a sharp summer incidence with a long break in the
transmission season. The area will be subject to epidemics dependent
on rainfall and availability of human reservoirs. In this connexion I should
say that the recruited labourers from Ovamboland are more of a danger
to the local people than the reverse. The contention that these labourers
contract malaria at Namutoni and then become ill in Grootfontein seems
to me to be highly unlikely. My observations in Ovamboland show that
the Ovambos are already heavily infected, and it is more likely that they
relapse in Grootfontein because of the strain of the long motor journey
than because of infections picked up at Namutoni.

The area is placed in Wilson's Group III.

Presumed Vectors
(1) Survey results

Adults Larvae Breeding-place
Species Number Number Number with positive

found dissected glands stomach
A. gambiae 18 10 0 - A. gambiae perennial
Number of habitations examined: 17. spring

(2) Conclusions
Of the 18 gambiae collected, only two were found in local native huts;

the rest were all caught in the survey camp towards dusk. The Bushmen
huts were rather poorly built and largely open to the wind and cold, but
the well constructed native quarters in the police camp yielded no gambiae
at all. In the survey camp the same torpidity due to cold, noticed in the
Waterberg and Otjituo Reserves, was observed. As a matter of interest,
in the Namutoni camp gambiae was caught biting in a tent at 2.30 p.m.
when there was bright sunshine outside.

The breeding-places of gambiae at Namutoni were probably solely
confined to water emanating from a perennial spring close to the police
camp. Apart from the Etosha pan, whose waters yielded no larvae, perhaps
because of salinity, no other breeding-places were discovered. During the
rainy season, no doubt, numerous breeding-places are created on the

390



MALARIA SURVEY OF SOUTH-WEST AFRICA 391

rather extensive flats, and gambiae probably increases greatly in number.
The perennial spring serves as a permanent breeding-ground.

The area is placed in Wilson's Group III.

(35) OVAMBOLAND

Rainfall : 15-20 inches (380-500 mm)
Altitude: about 3,000 feet (900 m)
Date of examination: June 1950
People examined: Ovambo people from the environs of Ondangua,

Oshikango, about 50 miles (80 km) north, and Ukuambi, about 30 miles
(48 km) west.

These three places lie in the Ovambo plain drained by Oshanas flowing
into Etosha pan. The Oshanas receive their water from the Kunene and
Okavango rivers and also, of course, from local rain. When rain is heavy
many of them flow for some months in the year, otherwise they collect
water in a series of pools. The country is mainly sandy with heavy bush
in some parts. At the time of my visit the subsidiary roads were mostly still
waterlogged and it was possible to visit only Oshikango and Ukuambi. It is
for this reason that only such a small proportion ofthe large Ovambo popula-
tion was examined. In ordinary years the roads are all passable by June,
but 1950 was exceptionally wet. In spite of the small sample examined
I do not believe that malaria endemicity will be found to vary much else-
where, and I believe that the figures given below are fairly representative of
the whole ofthat part ofOvamboland lying within the Oshana drainage area.

Malaria Endemicity
(1) Survey results:

(a) parasite incidence according to age

Numbers showing Showing

falci-

Age- parasites Total Infected parum

group examined % gameto-
no cytes

parasites total
F V M mixed infec-

ted I

0- 1 34 7 1 8 42 19 7

2- 5 27 36 1 1 37 64 58 30

6-10 24 40 1 41 65 63 20

11 - 20 29 40 1 3 44 73 60 15

21 - 30 31 27 1 3 1 31 62 50 16

31 + 40 20 20 60 33 17

* A subject infected with more than one species of Plasmodium is counted only once.

7

Total 185 170 4 7 2 181 366 49
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(b) splenomegaly according to age

Numbers in spleen class Enlarged spleens Average

Age-group - __ ___ ___- enlarged
0 1 2 3 4 5 total % spleen

0-1 23 9 1 - - - 10 30 0.4

2- 5 43 13 4 1 4 - 22 34 0.6

6- 10 67 20 6 9 2 - 37 36 0.6

11 - 20 228 52 17 11 1 - 81 26 0.4

21 - 30 77 6 2 - - - 8 9 0.1

31+ 110 6 2 1 - - 9 7 0.1

Total 548 106 32 22 7 - 167 23 -

(2) Conclusions
The results from Ondangua, Oshikango, and Ukuambi have been

combined. Indices calculated for each of these places did show some
minor differences but not sufficient to make it worth while presenting them
separately in this report. It seemed to me that malaria, was more severe
at Oshikango and environs than further south at Ondangua and Ukuambi,
but it was difficult to prove from the data collected by me. A. funestus
certainly occurs at Oshikango, but its occurrence is very doubtful at the
other two places. It is quite possible that this species will be found in
increasing numbers as one moves north, for the simple reason that the
Oshanas are more likely to flow nearer their source.

The data presented show collective immunity among the Ovambos. It
is interesting to see, however, that both spleen- and parasite-rates begin to
fall only after the groups 6-10 years and 11-20 years, that is, much later
than on the Okavango for example. Secondly, the gametocyte-carrier-rate
though slightly raised in the group 2-5 years hardly falls after that. Thirdly,
the peaks of spleen- and parasite-rates do not reach the heights seen in a
hyperendemic area like the Okavango. These are all signs of a partial
collective immunity and indicative of a break in the transmission season.

My conclusions from the indices presented above are that malaria is
severe in summer, the severity being largely proportional to the rainfall.
As the dry season and cold weather approach, malaria transmission ceases
completely, or very nearly. This break in the transmission season accounts
for the partial immunity shown by the Ovambo people.

It must be admitted that the data presented are not quite typical. As
I have found elsewhere in South-West Africa, the parasite indices are much
higher than one would expect from a consideration of the spleen indices.
Again, as I have stated before in this report, I cannot suggest a ready answer
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for this deviation from what is normally found in Africa. I have suggested
elsewhere, and do so again, that the widespread use of therapeutic drugs
nmay be the disturbing factor. I discussed the matter with the district surgeon
of Ovamboland who, although he could not suggest any reasonable alterna-
tive, was disinclined to believe that antimalarial drugs could be responsible.

It is obvious from what I have found that malaria is highly endemic
in Ovamboland and that the indigenous population, because of their
impartial immunity, must suffer consequently. I am supported in this
conclusion by the doctor and sister of the Anglican Mission at Odipo
who are of the opinion that malaria sometimes appears in its severest
forms among the people of Oshikango.

From my findings I am bound to conclude that malaria is a complica-
tion in most cases presenting themselves for treatment at hospitals and
dispensaries in Ovamboland and health officials cannot be blamed for
taking appropriate action.

There is one question which must be raised, though it cannot be answered
with any certainty. Did the Ovambos once enjoy a solid immunity, as
found on the Okavango, and has the widespread use of antimalarials
partially destroyed this and so produced the state of semi-immunity found
at the present time ? I am inclined to believe that, though the use of anti-
malarials has probably had some effect on the indices, the endemic picture
presented here has in the main an entomological explanation. It may be
taken for granted that gambiae is the main, if not the sole, vector over
most of Ovamboland. As is well known this species is very greatly dependent
on rainfall for its welfare. Now rainfall, though averaging about 20 inches
(500 mm) in Ovamboland, is erratic. Moreover, the amount of water in
the Oshanas also varies. From these considerations I feel that the gambiae
population of Ovamboland is not a stable one, that it fluctuates from year
to year, and so consequently does the amount of malaria transmitted.
Since a solid immunity depends on a high level of constant re-infection
the Ovambos thus cannot be expected to show it.

Ovamboland is placed in Wilson's Group II.

Presumed Vectors
(1) Survey results

Adults Larvae Breeding-place
Number Number Number with positive

Species found dissected glands stomach
A. gambiae 116 96 0 A. gambiae seepages

swamps and
vleis cattle

drinking-pools
A. funestus 1 1 0
Locus: Ondangua, Oshikango, Ukuambi
Number of habitations examined: 84.
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(2) Information from other sources
In the South African Institute for Medical Research there are specimens

of gambiae sent from Ondangua by Dr. van Niekerk in February 1933,
and May and June 1934, and by Dr. L. Fourie in March 1943.

(3) Conclusions
A single funestus adult was taken at Oshikango. No larvae were found.

According to local information the Oshana near the headquarters of the
welfare officer flowed for some time during the summer. It would appear
from this that funestus finds suitable breeding conditions for only a part
of the rainy season and then perhaps also only in some years. As one
proceeds up the Oshanas towards their sources on the Kunene and Okavango
it is reasonable to suppose that breeding becomes more prevalent. Since
the survey arrived rather late in the year it is impossible to say iffunestus
plays any part in transmission. I believe that compared with gambiae
it is of little importance in Ovamboland.

The main vector must be gambiae for which there are ample breeding
opportunities. The extent of breeding-places will vary from season to
season according to rainfall and flooding of the Oshanas. The absence of
frost of any degree leads one to believe that breeding goes on throughout
the year ; numbers, however, will be reduced in winter and the survey
findings of just over one adult per hut in June bear this out.

Close on 100 gambiae were dissected and none found infected. It
therefore seems that there is no, or very little, transmission during the winter
months.

The reduction in numbers of adults plus the low order of infectivity
in winter mean that there is, at the very least, a partial break in the trans-
mission season. In 1950 there were exceptionally heavy rains and breeding-
places persisted well into the winter. It is possible that in years of normal
rainfall the breeding-places will become very restricted and so lead to a
sharp break in the transmission season. Everything else being equal such
conditions lead to malaria indices reflecting a partial immunity among the
population, and this is exactly what the survey found.

Ovamboland is placed in Wilson's Group II from a consideration of
the entomological findings.

(36) KAOKOVELD (EXCLUDING KUNENE RIVER
AND ZESFONTEIN)

Rainfall 5-10 inches (130-250 mm)
Altitude ? 3,000-4,000 feet (900-1,200 m)
The Kaokoveld is a mountainous arid region in which surface water

is largely restricted to perennial fountains issuing from limestone forma-
tions. Over the whole region, with the exception of the Kunene River
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and Zesfontein, conditions appeared to be so similar that I have put all
the records together.

The native people are small in number and widely scattered. They
live a semi-nomadic life and it is not always easy to get hold of them.
Owing to the shortness of the notice I was able to give the welfare officer,
it was not possible to make arrangements for the people to come from far
and wide and meet near the roads. I may add that'lthough these Ovahimbas
rarely see a European they showed no reluctance whatsoever to submitting
to examination and the taking of blood-smears. We were accompanied
throughout by the welfare officer whose presence, no doubt, inspired the
natives with confidence.

Date of examination: June-July 1950
People examined: natives of the Ovahimba tribe from the following

places: Ohopuho, Okapara, Ondore, Okongo, Ombasu, Ohandungu,
Ipembe, Ehomba, Gauko-Otavi, Uruvanje.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
_c la

Age-group
no parasites parasites

F 0 1 2

0-1 8 - 12 - -

2- 5 25 1 35 2 1

6-10 22 - 32 - -

11- 20 15 1 27 - -

21 - 30 5 1 28 - _

31 + 14 - 40 1 -

Total 89 3 174 3 1

Locus: Ohopuho, Okapara, Ondore, Okongo, Ombasu, Ohandungu,
Ipembe, Ehomba, Gauko-Otavi, Uruvanje Race: Ovahimba

(2) Conclusions
It is obvious that malaria has a very low order of endemicity over the

greater part of the Kaokoveld. Isolated outbreaks may occur occasionally
but the inhabitants live in such small scattered groups that serious epidemics
need not be feared.

The Kaokoveld is placed in Wilson's Group IV.
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FIG. 2. DISTRIBUTION OF ANOPHELES GAMBIAE AND MALARIA ENDEMICITY,
SOUTH-WEST AFRICA

The figures in circles denote malaria of different degrees of endemicity
and correspond to Wilson's four groups.
0 - presence of A. gambiae.

Presumed Vectors

(1) Survey results
Large numbers of huts were examined throughout the area of which

the spleen- and parasite-rates are given above. In all, only two gambiae
adults were captured and these were taken at Okapara about three miles
(5 km) south of Ohopuho.

Larvae of gambiae were found in small numbers at Ombasu 24 miles
(39 km) north and Ipembe 56 miles (90 km) north of Ohopuho. This
species probably occurs in small numbers in all places where there is water.

I was interested to examine the perennial fountains which are so
characteristic of the Kaokoveld. These consist of perfectly clear water
usually issuing from limestone formations. The water runs quite strongly
for a hundred yards (90 m) or so and then disappears. Along the edges of
the stream vegetation occurs and in this anopheline larvae are quite common.
Two species predominate, rhodesiensis and moucheti (?), but no funestus.
A. moucheti is known to be a vector elsewhere in Africa, but no evidence

396



MALARIA SURVEY OF SOUTH-WEST AFRICA

was obtained that it acted as such in the Kaokoveld. The survey, of course,
arrived in this region rather late in the season and conditions may be
different in summer.

The presumed vector is gambiae and the numbers are no doubt propor-
tional to rainfall. It is possible that heavy breeding may occur in certain
years and cause more than the usual amount of malaria, but this must be
very exceptional.

This area of the Kaokoveld is placed in Wilson's Group IV.

(37) KUNENE RIVER

Rainfall 10-15 inches (250-380 mm)
Altitude: 2,000-3,000 feet (600-900 m)
Date of examination : June 1950
People examined: people of the Ovahimba tribe at Ondothu, about

10 miles (16 km) upstream from Tshimhaka. This small group of people
lives a mile or so from the river in a temporary kraal. Their contact with
the river is irregular.

Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
____________________________class

Age-group parasites
no parasites F 0 1 2 3 4

0-1 - -1 - - -

2-5 2 12 1 1 - -

6-10 - - - - - -

11-2 - 20 2 -2
21 -30 1 1 2 -- - -

31 + 3 2 1 1 - 1 2

Total 6 6 8 2 1 1 2

Locus: Ondothu Race: Ovahimba

(2) Conclusions
At Tshimhaka itself a small group of Ovahimbas was found temporarily

encamped on the river. They had arrived recently and were not staying
long. No enlarged spleens or parasites were found amongst them. They
supplied no information on the intensity of malaria on the river and so
are ignored. Since no other natives could be found in the vicinity the
survey travelled upstream to Ondothu where some Ovahimbas were known
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to live. These people were found to have a kraal about a mile from the
Kunene but they did not live there permanently. It was difficult to get
information from them as they were suspicious of any questions relating to
the river. It is therefore quite impossible to say what length of contact,
through the year, they have with the river and hence with infection.

From the results obtained at Ondothu, among people who do not live
permanently on the river, it will be seen that malaria is probably highly
endemic if not hyperendemic on the Kunene. Obviously one cannot gather
information on malaria endemicity in the absence of human beings, but
from the nature of the river and the little evidence the survey was able to
gather I conclude that malaria is potentially hyperendemic. Large spleens
were found among old people which, of course, is not a sign of hyper-
endemicity, but this may be due to the fact that the Ondothu people often
live away from the river in areas in which there is no or little malaria.

Should large populations be settled on the river I feel sure that malaria
will become severe and I can do no less than place the river and its
immediate environs in Wilson's Group I.

Presumed Vectors
(1) Survey results

Detailed work could not be carried out, partly owing to the lack of
a boat to explore the river banks and the presence of large numbers of
crocodiles. Secondly, no native huts exist at Tshimhaka, and at Ondothu
lack of time prevented a search of the kraal. A. gambiae was found to be
breeding in many pools left by the receding river and it must be common.
A. funestus was not found, but this is not surprising when one considers
the fact that the river banks could not be searched. I have little doubt
that this species does exist on the Kunene.

(38) ZESFONTEIN RESERVE

Rainfall: about 5 inches (130 mm)
Altitude: about 2,000 feet (600 m)
This little Reserve occupies a plain amongst towering mountains which

practically surround it. The people, unlike those in the rest of the Kaokoveld,
are not nomadic and represent the largest single population living in any
one circumscribed area. As its name suggests, there are several perennial
fountains of the usual Kaokoveld type from which crystal-clear waters
issue. A few dams have been constructed and the water is used for
irrigation. At the time of the visit there was no other water, but during
the rains pools are sure to be formed.

Date of examination: July 1950
People examined: people mostly of the Hottentot tribe plus a few

Ovahimba and Damara.
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Malaria Endemicity

(1) Survey results: parasite incidence and splenomegaly according to age

Numbers showing Numbers in spleen
class

Age-group parasites
no parasites F 0 1 2

0- 1 2 - 10 - -

2- 5 20 2 53 3 2

6- 10 12 5 17 2 -

11 - 20 19 1 27 - _

21 - 30 - - 24 1 -

31 + - - 42 - 2

Total 53 8 173 6 4

Race: Hottentot

(2) Information from other sources
According to the welfare officer there had been a serious outbreak,

presumably of malaria, in April 1949 when much quinine and proguanil
were distributed.

(3) Conclusions
Malaria is mildly endemic. Outbreaks may be expected from time

to time, but why there was none in this year of exceptional rain is difficult
to understand. The outbreak of 1949, when the rainfall was below normal,
is equally mysterious. The Reserve is influenced by the cold Benguela
current and more or less traversed by the 63°F (17.20C) isotherm. The
winters are cold and frost not uncommon, so that there is a break of some
length in the transmission season.

Zesfontein falls within the epidemic zone of South-West Africa and
is placed in Wilson's Group IV.

Presumed Vectors

(1) Survey results
All attempts to find gambiae adults or larvae failed; listeri was common

and bit freely in camp; moucheti (?) was found in the larval stage.
In spite of this failure to find gambiae I believe that it is the vector.

Breeding of this species is probably erratic and interrupted for lengthy
periods because of the cold winters. When large numbers are present
outbreaks may be expected.
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7. ANOPHELINE FAUNA OF SOUTH-WEST AFRICA
AND CONSIDERATION OF PRESUMED VECTORS

The list of the species given below and the records of distribution are
based on: (1) previous published records ; (2) material in the collection
of the South African Institute for Medical Research, for which Dr. L.
Fourie, Dr. J. E. Fischer, and Major Murray are largely responsible;
(3) records supplied by the Health Department, South African Railways
& Harbours, Windhoek; and (4) material collected during the present
survey.

7.1 Species

1. Anopheles coustani coustani Laveran
2. ,, coustani var. ziemanni Griinberg
3. ,, rhodesiensis Theobald
4. ,, pretoriensis Theobald
5. ,, ? moucheti Evans
6. ,, gambiae Giles
7. ,, squamosus Theobald
8. ,, listeri De Meillon
-9. ,, rufipes Gough
10. ,, nili Theobald
11. ,, funestus Giles
12. ,, ruarinus Edwards
13. ,, distinctus Newstead and Carter
14. ,, pharoensis Theobald
15. ,, species indeterminate
16. ,, maculipalpis Giles
17. ,, cinereus Theobald
18. ,, demeilloni Evans
19. ,, marshalli Theobald

Previous to the survey the fauna was known to consist of only six
species, namely: coustani, gambiae, squamosus, listeri, rufipes, andfunestusI
so that no less than 12 new records for the territory are added by the survey.

South-West Africa has been defined as the south-west arid region with
listeri as its most characteristic species.' At that time, however, little was
known and no detailed discussion was possible. More is now known
about the species and it is possible to examine the position in greater detail.
Much, of course, remains to be done, and I hope to examine the position
more thoroughly in a later report when the culicine species collected by the
survey have been determined. It is most unfortunate that the survey reached
the northern districts in winter when mosquito breeding was at the ebb.
Furthermore, it is most regrettable that the identity of the moucheti (?)
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could not be established with certainty nor is it possible at this juncture to
give a definite opinion on the unidentified specimen number 15 on the
above list. Should this species turn out to be new to science, as seems
likely at this moment, it will provide further evidence in favour of the
belief that the fauna of western Africa is divisible into rather well defined
regions whereas that of eastern Africa is more or less common to the whole
region extending from the Abyssinian Highlands to the eastern Cape.

Apart from species which are common to most of the Ethiopian Region,
the fauna as listed above shows (1) characteristics of its own in the presence
of listeri and a probable new species and (2) relationship with the Rhodesian
Highland District in the presence of such characteristic species as ruarinus
and distinctus.

7.2 Geographical Distribution of the Species in South-West Africa

7.2.1 Anopheles coustani coustani
Ondangua, Ovamboland; Otjiwarongo, Otjiwarongo District; Runtu,

Musese, Grootfontein District; Ondothu, Kunene, Outjo District;
58 miles (93 km) Namutoni-Ondangua road, Ovamboland.
A widespread species in Africa. Mainly a swamp-breeder, and so

confined to the north of the territory.

7.2.2 Anopheles coustani var. ziemanni
Okavango River, at several points, Grootfontein District.

Distribution much as in coustani coustani but commoner on the west
coast and does not occur so far south. It has not been recorded from
the Union. Breeding-places as in the type-form.

7.2.3 Anopheles rhodesiensis
Brandberg, Omaruru District; Ombathu, Franzfontein, Gauko-Otavi,

Outjo District.
A widely distributed species, breeding in a great variety of waters.

In South-West Africa apparently restricted to perennial fountains in the
western arid region where larvae were common in short vegetation along
the edges of running water.

7.2.4 Anopheles pretoriensis
Warmbad, Warmba7d District; Grootfontein, Grootfontein District;

Windhoek, Windhoek District; Brandberg, Omaruru District; Outjo,
Ohopuho-Tshimhaka road at several points, Zesfontein, Franzfontein,
Tshimhaka, Outjo District.
A widespread species breeding largely in exposed pools and seepages.

It probably has a much wider distribution in South-West Africa than
indicated above.
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7.2.5 Anopheles ? moucheti
Brandberg, Omaruru District; Ombathu, Zesfontein, Outjo District.
A central African species largely confined to the Guinea Forest Pro-

vinces. It may possibly be found in Angola, the fauna of which is little
known. It may also occur on the Kunene, a river which could not be
searched thoroughly by the survey. In South-West Africa it is confined
to perennial fountains in the western arid region where it was collected
in running water amongst short vegetation. Elsewhere in Africa it is a
stream and river breeder.

7.2.6 Anopheles gambiae
Swakopmund, Swakopmund District; Windhoek, Windhoek District;

Gobabis, Aminuis Reserve, Epukiro Reserve, Farm Harnas, Stein-
hausen, Gobabis District; Okahandja, Ovitoto Reserve, Okahandja
District ; Otjimbingwe, Karibib, Usakos, Karibib District ; Okombahe,
Omatjette, Omaruru, Omaruru District; Franzfontein, Outjo,
Ipembe, Ondothu, Ohopuho, Outjo District; Otjiwarongo, Waterberg
Reserve, Otjiwarongo District; Tsumeb, Otavi, Grootfontein, Maria
Bron, Kano Vlei, Runtu, and at many points along the Okavango River,
Hamuwe, Namutoni, Otjituo Reserve, Grootfontein District; Ondan-
gua, Oshikango, Ukuambi, Ovamboland.
The distribution as given above is shown in fig. 2.
This important malaria vector has a wide distribution in South-West

Africa as will be seen from the above. Except in Aminuis it has not been
found south of latitude 230 south, but then little collecting has been done
there. North of latitude 230 south it will probably be found everywhere
where suitable breeding-grounds exist. It is known to occur on the Orange
River at Upington and will probably be found farther west along the
border of South-West Africa towards Orangemund.

7.2.7 Anopheles squamosus
Namutoni, Runtu, and generally along the Okavango, Hamue, Kano Vlei,

Otjituo Reserve, Grootfontein District; Ondangua, Oshikango,
Ukuambi, Ovamboland; Ugab-Franzfontein Road, Ondothu
(Kunene) Outjo District; Waterberg Reserve, Otjiwarongo District.
A widespread species breeding in swamps, seepages, pans, and vleis.

7.2.8 Anopheles listeri a

Rooibank, Swakopmund, Walfis Bay, Swakopmund District; Tsumeb,
Namutoni, Otavi, Grootfontein, Grootfontein District; Usakos,
Otjimbingwe, Karibib District; Windhoek, Windhoek District;
Aminuis, Gobabis, Gobabis District; Kub, Rehoboth, Rehoboth
District ; Stamprietfontein, Mariental, Gibeon District ; Otjiwarongo,
Otjiwarongo District; Omaruru, Omatjette, Omaruru District; Oka-
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handja, Okahandja District; Otjikondo, Outjo, Franzfontein, Otjo-
vasandu, Zesfontein, Outjo District ; Maltohoe, Maltohoe District.
This species is confined to southern Africa and principally to the arid

parts of the Cape Province. Its wide distribution in South-West Africa
makes it the most characteristic species of that region. The breeding-places
are similar to those of gambiae but it is probably less sensitive to low
temperatures. It appears to be restricted to semi-arid and arid areas and
becomes rarer as one approaches the north where rainfall is higher.

Strangely enough, of all anophelines found in Africa it most nearly
resembles multicolor, a species of the arid Mediterranean region.

7.2.9 Anopheles rufipes
Tsumeb, Grootfontein, Maria Bron, Nyangana, Grootfontein District.

A widespread species in Africa breeding in ponds, seepages, and along
stream edges. Its comparative rarity in South-West Africa is probably
due to lack of suitable breeding-places.

7.2.10 Anopheles nili
Andara, Western Caprivi.

This species breeds along the margins of swiftly flowing streams and
rivers: hence it is likely to be found only along the Okavango and Kunene
rivers. The larvae are difficult to find and so it is probably commoner
along these two rivers than the above record indicates. It is a known
vector of malaria in some parts of Africa but unlikely to be of any impor-
tance in the presence of gambiae and funestus.

7.2.11 Anopheles funestus
Runtu, Musese, Grootfontein District and generally along the Okavango;

Oshikango, Ovamboland.
A stream, river, and fresh-water-swamp breeder and hence unlikely to

be found elsewhere in South-West Africa. The perennial fountains of the
Kaokoveld yielded none, which is rather fortunate.

At Oshikango, breeding-places were largely unsuitable at the time of
the visit, and this may account for the small numbers found. It seems that
during the rains when the Oshanas flow they become suitable for this
species, though whether large numbers become prevalent or not is not
known.
A very well known vector of malaria which probably plays an important

part in the epidemiology of the disease along the Okavango River.

7.2.12 Anopheles ruarinus
Otjimbingwe, Karibib District.

Previously only known from two places in Southern Rhodesia, one in
the Transvaal, and one in Swaziland. Its occurrence in South-West Africa
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is rather remarkable. So far, larvae have been found only in water that
collects in rocks and it seems that this is the sole breeding-place for ruarinus.
The rocks most suitable for the species are large granite boulders typical
of the areas in which it has been found so far.

7.2.13 Anopheles distinctus
Kapuka, Okavango River, Grootfontein District.

Characteristic of the Rhodesian Highland fauna spreading into Ngami-
land. Marshes and swamps are the preferred breeding-places and the
species is unlikely to be found in South-West Africa except in the extreme
north.

7.2.14 Anopheles pharoensis
Musese, Okavango River, Grootfontein District.

Widespread over practically the whole of Africa. Largely a swamp-
breeder and hence probably restricted to the extreme north of South-West
Africa. Though it is thought to be a vector of malaria in some areas, it is
not likely to be of any importance in South-West Africa.

7.2.15 Anopheles sp. indet.
Zesfontein, Outjo District.
A single female of a species of Anopheles which may prove to be new

to science was bred from a larva collected in one of the fountains.

7.2.16 Anopheles maculipalpis
Usakos, Karibib District.
A widespread species breeding mainly in seepages with shade. Probably

more widely distributed than indicated above.

7.2.17 Anopheles cinereus
Windhoek, Windhoek District.

As 7.2.16.

7.2.18 Anopheles demeilloni
Windhoek, Windhoek District.

As 7.2.16.

7.2.19 Anopheles marshalli
Grootfontein, Grootfontein District.

As 7.2.16.
7.3 Presumed Vectors

As the survey could rarely spend more than a few days in any one
place the dissection of adult mosquitos, which is time-consuming and
laborious, could not be undertaken on a large scale. In all, over 200 gambiae
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were dissected and none found with glandular infections. Of these over
100 were from such highly malarious areas as Ovamboland and the Oka-
vango River. It must be remembered that by the time the survey reached
these parts the winter had already set in and a low infectivity-rate was to
be expected. Nevertheless, it is surprising that the infectivity-rate could
be so low even in winter.

Since no infected mosquitos were found by the survey, it is presumed
that gambiae and funestus, well known vectors in Africa, are responsible
for tiansmitting most if not all the malaria in South-West Africa. This
is a fairly safe assumption and I do not think there need be any doubts
about it. It is possible that other species also play a part, and in this
connexion listeri is under suspicion. However, at the one place, Otjim-
bingwe, where it was found in habitations in appreciable numbers there
was no malaria at the time.

7.3.1 A. gambiae
Because of its wide distribution this species must be regarded as the

principal vector in South-West Africa (see fig. 2).
7.3.1.1 Breeding-places. Small natural collections of water completely
or partially exposed to direct sunlight. When water collections are of a
temporary nature, such as produced by rain, they appear to be more
prolific. The breeding-places which come within the definition are numerous
and range from those resulting from the activities of man and animals such
as borrow-pits, drains, excavations, denuded and eroded soils resulting
from overstocking, road-making, deforestation, veld burning, cattle
drinking-places, etc., to those caused by the overflow of rivers, pools left
by receding rives, rain-water collecting in natural depressions, etc. Among
the most important breeding-places are those created by man and for this
reason gambiae is often found near habitations. This, of course, is of great
epidemiological importance since it brings the vector within striking
distance of the human host. Breeding-places are also found in uninhabited
country.

South-West Africa is in many ways an ideal country for gambiae.
The earth is poorly covered by vegetation over a large part of it, rivers
with wide, sandy beds abound, and in many parts natural depressions,
with a non-porous subsoil, capable of holding water and referred to as
" pans ", are common. As the country acquires a larger population man-
made breeding-places will increase, as it is impossible to stop human
beings and their animals from disturbing the soil, destroying vegetation, and
generally creating gambiae breeding-places. In this connexion overstocking,
with soil erosion as its inevitable sequel, is of vital importance.

There are two quite naturafly occurring phenomena in South-West
Africa which have a tendency to limit breeding. The first is the compara-
tively low and erratic rainfall: most of the country receives an average of
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15 inches (380 mm) or less of rain. Secondly, the question of temperatures
must be considered, although nothing very definite can be said. South-West
Africa has on the whole a desert climate in which, although the days may
be very hot, the nights are definitely cold and differences between maximum
and minimum temperatures are large. In addition, a considerable area
along the west coast is influenced by the cold Benguela current. It is known
that gambiae is susceptible to frost and in any case cold nights would tend
to prolong the life-cycle and increase exposure of the larva to other
hazards. Unfortunately I have not been able to get information bn the
number of days of frost which it is known has a direct bearing on gambiae
breeding and distribution.

On the whole it appears that the extent of breeding of gambiae in South-
West Africa is very much dependent on rainfall.

Occasionally gambiae larvae are found in unusual breeding-places,
and though these may be important for survival of the species they are
rarely of any other significance.

7.3.1.2 Bionomics of the adult mosquito and relation to malaria. The
adult has a preference for human blood and is a house frequenter. These
two facts make it one of the most dangerous transmitters of malaria in the
world. At the same time the house-frequenting habit has proved to be a
blessing since it makes the species vulnerable to attack by means of insec-
ticidal sprays. Out-of-door resting-places for adults have been reported,
but it is doubtful if these are of much importance over most of Africa.
The position in South-West Africa in this connexion is not known.

It has been shown that gambiae adults prefer certain types of habitations
to others. Generally dark, unventilated native huts are preferred, the
more so the greater the number of people sleeping therein. In South-West
Africa the average native hut is of rather a poor type. The walls are rarely
airtight and the interior is often exposed to the elements. These huts
appeared to me to be less suitable than Zulu huts, for example, and this
may partly be responsible for the relatively few adults that were taken
indoors by the survey. It is not to be concluded that biting does not occur
outside habitations, but the general opinion is that indoor biting is of much
greater importance as far as malaria transmission is concerned.

Experiments have shown that gambiae can fly 5 miles (8 km) from its
breeding-place to obtain a blood-meal. Two things appear to be necessary
for such long flights: first, a slight breeze with which the insects fly, and
secondly, prolific breeding-places.

Because of its preference for sunlit pools this species will be more
abundant and widespread in times of widespread rain than otherwise.
The exact amount of rain required for prolific breeding will depend on the
nature of the soil and the distribution of the rain in time. Heavy thunder-
showers may produce many temporary breeding-places at one moment

406



MALARIA SURVEY OF SOUTH-WEST AFRICA

and wash many others out at another. Rains may be heavy and suitable
for breeding but too late in the season. There are therefore many variables,
and it is difficult to say exactly how much rain gambiae needs to breed
in dangerous numbers.

In the life of the adult, temperature is an important factor, as for the
larvae. Desert climates are particularly severe on gambiae especially when
the adult cannot find suitable resting-places by day. Adult insects are
particularly susceptible to desiccation and adopt a variety of methods for
overcoming this danger. One is to hide in cool, damp places where the
dangers of mid-day heat can be avoided. The usual thatched or beehive
hut of the South African native provides excellent shelter for adult gambiae,
but this can hardly be said of South-West African native huts. Apart from
the higher humidities which prevail indoors, the climate is also more
equable in that it does not get so hot or so cold as outside in the open.
The influence of cold on gambiae was well illustrated by experience of the
survey camping out in the open in South-West Africa. At a few places
gambiae were abundant and active in the evening but in the morning at
sunrise were found in a torpid state unable to move, bite, or fly. As the
sun got warmer they gradually revived and by about 9 a.m. were very
active again ; as the air temperature increased they disappeared. Under
such conditions gambiae could hardly be expected to be as efficient a vector
as in warmer climates. It is possible that the cold nights plus the poor
type of native hut are partly, at least, responsible for the fact that the survey
on occasion found large numbers of gambiae and no malaria.

The breeding-habits of gambiae in a country with low and erratic
rainfall like South-West Africa means that the species will be prevalent
in some years and rare or even absent in others. In addition, some parts
of South-West Africa are probably too cold in winter for survival of the
species though summer temperatures may be quite adequate. One can
therefore expect to find three types of area in South-West Africa:

(1) Where breeding-places are always available and winter temperatures
not too low. Here gambiae will breed all the year round and malaria will
be intense and not epidemic. The indigenous inhabitants will show a high
degree ofimmunity. Such an area is exemplified by the Okavango River area.

(2) Where gambiae breeds prolifically in summer, if suitable rains have
fallen, but not much or not at all in winter because of cold winters. Here
malaria will be endemic, sometimes highly so. Epidemics may occur, but
not of large proportions. The indigenous population will show less
immunity than in (1). An area falling into this category is Ovamboland.

(3) As in (2), but extent of summer breeding-places variable from year
to year depending on rainfall and severity of winters. Here gambiae will
flourish in some years and become rare or absent in others. Malaria will
be absent or of low endemicity and the people will show little immunity.

8
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Epidemics of varying proportion may be expected and there may be an
interval of many years between them. The greater part of South-West
Africa falls into this category.

Naturally there can be no hard and fast line of demarcation between
these three areas and the one merges into the other so that it is often
difficult to separate them. They serve, however, to show to what extent
the epidemiology of malaria is dependent on entomology.

Since it is in the epidemic regions that malaria is most to be feared,
a knowledge of gambiae bionomics is essential to any health authorities
who wish to control or prevent outbreaks. It is certain that epidemics
will be preceeded by undue breeding of gambiae and the presence of
exceptional numbers of adults in native huts. These things do not always
produce epidemics, but epidemics cannot occur without them.

7.3.2 A. funestus

This species is restricted to the Okavango River and appears to be
an occasional visitor to northern Ovamboland.

7.3.2.1 Breeding-places. In contrast to gambiae this species requires
shade, and its preferred breeding-places are among vegetation along the
sides of perennial streams and rivers. In some areas fresh-water swamps,
with little organic pollution, also provide prolific breeding-places. It is
for this reason that funestus is restricted to the Okavango. In northern
Ovamboland a few adults were captured but no larvae were found. The
reason for this is that when the Oshanas are flowing they provide good
breeding-places, but when the flow stops, which had happened by the time
the survey reached Oshikango, the water becomes polluted and is then no
longer suitable. It is possible that funestus is much more abundant earlier
in the season, but I am inclined to the view that it is a rare visitor to Ovam-
boland, as it is only in years of exceptional rainfall that the Oshanas flow.

It was interesting to find that the perennial fountains of the Kaokoveld,
though they appeared to be suitable, bred no funestus.

No funestus was found on the Kunene but I have little doubt that this
species occurs there.

According to the nature of its breeding-places a funestus population,
in contrast to gambiae, is always a fairly stable one. The influence of
this on malaria epidemiology will be discussed below.

7.3.2.2 Adult bionomics and relation to malaria. The adult is a house-
frequenter, bites man readily, and is the second most important vector of
malaria in Africa. Its love for human blood is no less than that of gambiae
and, like that species, it prefers dark, ill-ventilated habitations. For the
most part biting and transmission of malaria take place indoors and so the
species is also susceptible to control by insecticidal spraying in habitations.
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The distance of ffight and the circumstances which influence it, namely
prolific breeding-places and prevailing winds, is the same as for gambiae.

Apart from relatively small fluctuations in density of numbers due to
seasonal temperature changes and flushing of rivers and streams during
exceptional rains, a funestus population is relatively stable. The result is
that the intensity of transmission does not vary much from year to year
and malaria of high endemicity is produced. In funestus areas one usually
finds that the human population shows immunity and the hyperendemic
conditions discovered by the survey on the Okavango are typical. It is,
of course, obvious that gambiae also plays a part in producing the Okavango
malaria picture.

7.3.3 A. listeri
A note on this species is added here because, although there is no

evidence that it is a vector in South-West Africa or anywhere else, certain
features of its behaviour bring it under suspicion. During the second
World War, Major L. Fourie sent me large numbers of specimens which
had been caught in tents and habitations. Dr. Fischer of the South-West
Africa Education Department also found it to be house-frequenting and
sent me specimens from Aminuis and other areas. Most of the specimens
taken by these two collectors were filled with blood and all the evidence
showed that they had fed on man, and that it is for this purpose that they
enter habitations. Since the house-frequenting habit and anthropophilism
so often indicate a vector, listeri has been regarded as a possible vector
for some years.

It was hoped that this question would be settled by the survey, but
such hopes were not realized. Adult listeri were captured in appreciable
numbers in habitations at only one place, namely Otjimbingwe, and all
dissections proved negative. This does not mean very much because in
the first place it was possible to dissect only 35 adults and there was no
active malaria in this place at the time. The house-frequenting habit and
the fact that listeri readily bite man, however, were confirmed.

I think it is rather important that this species be fully investigated and
its role, if any, in the transmission be accurately defined. The species has a
very wide distribution in South-West Africa and its breeding-habits, which
are so similar to those of gambiae, lead one to believe that if it is a vector
it will prove to be of vital importance in epidemic malaria.

8. CONSIDERATION OF THE ,PARASITES

A total of 1,401 thick blood-smears were examined by me during the
survey. Of these 605 were positive. The percentage distribution among
the positives of the three principal species is P. falciparum 91 %, P. vivax 5 %,
and P. malariae 4 %. As explained in section 2, thick smears do not readily
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reveal P. ovale and hence it is not known if this species occurs in South-West
Africa. P. falciparum and P. vivax were distributed throughout, but
P. malariae appeared to be restricted to the north.

It is quite obvious that falciparum is the species responsible for nearly
all malaria in South-West Africa as it is in most parts of Africa.

An interesting observation was made in the Okavango where an infant
about three months' old showed schizonts of P. fakiparum in the peripheral
blood. The child did not appear to be ill. Normally schizonts of this
species are restricted to the internal organs and appear in the peripheral
blood only when the patient is extremely ill, and the prognosis in such
cases is regarded as very grave.6

Sufficient evidence has been produced to show that the north of the
territory is very heavily infected and the south very slightly so. The north
is therefore of great importance as it forms a focus of infection for the
rest of South-West Africa, and it is becoming increasingly important in
this respect as more and more labourers are recruited for work in the
south. A special effort was made to find if the labourer imported from the
north is really a danger or not. For this purpose a special lookout was kept
for gametocytes of P. falciparum among adults over 20 years of age. The
findings may be summarized as follows:

(1) 42% of adults over 21 from Ovamboland are infected with malaria
and 17% of these harbour gametocytes and therefore could infect mosquitos.

(2) Among adults from the Okavango these percentages are 36 and 2.5
respectively. This makes it quite clear that the Ovambo is definitely a danger
to the south and the Okavango native less so.

In section 6 evidence is produced from several localities to show that
though gambiae, a well known vector, was present in large numbers there
was little malaria among the local population. Among the many reasons
that may be advanced for this " anophelism without malaria " is a very
obvious one, namely, the absence of gametocyte carriers to infect the mos-
quitos. If this should be the real or even one of the reasons then the Ovambo
labourer becomes a very important link in southern malaria. Attention
has also been drawn to the extremely localized nature of quite severe
outbreaks on farms and small communities especially in the Outjo District.
It seems quite likely to me that the chance introduction of a gametocyte
carrier is responsible for these outbreaks, and evidence is produced above
to show that the Ovambo native is a very likely reservoir.

9. MALARIA MAP OF SOUTH-WEST AFRICA

The malaria data in fig. 2 are based on data collected during this survey
only. I have found it difficult to unravel the information from other sources,
because it is almost entirely based on clinical data. Instead of using such
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terms as " severe ", " mild ", " slight ", etc., which cannot be accurately
defined, I have divided the map into four regions corresponding to Wilson's
groups as defined in section 4.2.

It must be understood that no hard and fast line can be drawn between
any of these four regions. They are not only bound to overlap, but the
actual area covered by any one of them may vary from season to season
or year to year. Secondly, there are quite large areas which the survey did
not touch, and the arbitrary drawing of lines through them is open to
question. Thirdly, quite large areas are unpopulated and one cannot assess
malaria endemicity in the absence of human beings. The Kunene is a
striking example of this. The few people found there were casual visitors
and it was impossible to assess the malaria potentialities of the place.
On grounds of temperatures and availability of breeding-places, however,
I have placed it in Wilson's group I. Subsequent events may prove this to
be wrong, but I feel certain that this classification is not far out.

It now remains to define, as accurately as my findings will allow, the
regions demarcated on fig. 2.

Region 1

(a) The south bank of the Okavango River and its immediate surround-
ings. Within about 20 miles (32 km) of this river the incidence of the
disease begins to lessen. Of the total native population of the Okavango
90% live in this region.

(b) The Kunene River and its immediate environs. This area is
unpopulated except for a few nomadic Ovahimba.

Region 2

(a) The Omataka Omuramba for a distance ofapproximately 30-50 miles
(48-80 km) from the Okavango River. A portion of the Lower Omuramba
adjoining the Okavango River should probably also be included, but this
area was not surveyed. There is much movement of people from these
Omurambas towards the Okavango River and back and it is possible that
some of the malaria infections found on the Omatako were contracted
on the Okavango.

(b) Ovamboland lying within the triangular area drained by the Oshanas
which have their origin in the Kunene and Okavango Rivers. The corners
of this triangle are approximately marked by Onesi in the west, Oshikango
in the north, and the northern border of Etosha pan in the south. Outside
this triangle there are few people and little water. Over 90% of the total
native population of Ovamboland live within this triangle.
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Region 3

This region is rather ill-defined. The areas which I believe it to cover
are largely umpopulated and waterless. Findings at only three places,
namely Nurugas, Namutoni, and Otjituo, form the basis for its demarcation.
It seems to me that this region is bounded approximately by the 700F
(21.1OC) real isotherm. The malarious areas of the Union are also
approximately limited by this isotherm. It is quite possible that if this region
becomes populated malaria will increase in endemicity and approach the
intensity seen in region 2. The one factor which, however, makes this
highly unlikely is the lack of water to serve as breeding-places.

Areas falling within region 3 are:
(a) The Omatako Omuramba from where it leaves region 2 southwards

to the Otjituo Reserve and including Nurugas.
(b) Namutoni, Okaukuejo, and generally speaking the area lying between

the 70°F (21.1C) isotherm, the 4,000-feet (1,200-m) contour and region 2.

Region 4

The rest of South-West Africa covered by the survey.

10. CONTROL AND ERADICATION OF MALARIA
IN SOUTH-WEST AFRICA

10.1 Control

It was quite impossible in the time allowed for the survey to go into
questions of control of malaria. Malaria control at its best and cheapest
requires prolonged study in each locality. To make sweeping recommenda-
tions about killing mosquitos is easy enough because this is all that is
required to control malaria, but how to accomplish this with the greatest
economy and efficiency is another matter.

It is therefore quite outside the scope of this report to make detailed
recommendations; nevertheless some observations are permissible.

In the first place, most of South-West Africa is seen to lie in the
epidemic zone with a low order of endemicity. Other things-mostly
unpredictable-being equal, two factors are of primary importance. The
first is the imported gametocyte carrier and the second the breeding of
gambiae. With regard to the first, I can suggest no obvious simple way
of rendering him harmless. It may be possible to give all recruited labourers,
especially from Ovamboland, a thorough course of treatment before they
are passed on to farmers and other employers. Again it may be insisted
on that all such labourers be given a full course of treatment whenever
they become ill in the south. These, however, are matters on which
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I cannot give an opinion: they may be quite impracticable. The second
important link in the chain is gambiae breeding. It has been pointed out
(see section 7) that adult gambiae are house-frequenting; the intensity of
breeding may therefore be easily assessed by keeping a continual check on
the numbers of adults caught in habitations. As far as the larger towns
and villages are concerned this should not be difficult. In the first place
the South African Railways and Harbours already do work of this nature,
and secondly many places have resident sanitary inspectors. It should
not be difficult to co-ordinate and organize already existing personnel to
gather information on this subject systematically. All the information so
gathered should be collected at one centre. As soon as unusual numbers
of gambiae appear in any place, then appropriate action may be taken.
The exact measures to be applied will depend on local conditions. This
service will, under existing conditions, not touch the rural areas. If these
are to be included in such a scheme then a number of additional inspectors
will have to be appointed.

Malaria control outside region 4 will require the establishment of an
organization in addition to anything existing at present, and it is profitless
to discuss it here.

In the worst malarious areas, namely the Okavango and Ovamboland,
the natives show a relative immunity to the disease. This immunity, as
elsewhere in Africa, is dependent on repeated reinfections. The control
of malaria here will result in the loss of immunity. This, of course, is of
no importance if the control is rigorous and indefinitely maintained.
Although there is a difference of opinion it is generally agreed that partial
control, leading to loss of immunity, is not advisable in Africa. Control
on the Okavango may be very difficult. The river is wide and there are
numerous swamps resulting from flooding of lowlands. The north bank
of the river is in Portuguese territory and an antilarval compaign would
have to include this. A campaign directed against adult mosquitos in
habitations would have more chance of success here, but detailed investiga-
tions on the behaviour of adult mosquitos would be required. It is suspected
that in some parts of Africa anti-adult measures are not successful. Although
this is not fully understood there is reason to believe that this failure may
have something to do with differences in mosquito behaviour.

The problem in Ovamboland appears to me to be equally difficult. The
permanent breedi.ng-grounds of gambiae are no doubt pools and water-holes
in the Oshanas. An all-out campaign carried out in winter when breeding-
places are few may give dramatic results, but reinfestation from Angola is
sure to take place. Here, again, measures directed against adult mosquitos
in habitations with modern insecticides may bring about complete control
but detailed work on bionomics will be required first.

On the whole I feel that the position in regions 1 and 2 will have to
be studied very carefully before control measures are instituted.
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10.2 Eradication

By eradication is meant the complete extirpation of the vector and
total disappearance of malaria. Eradication in its present form is a modern
conception and some spectacular results have been achieved. By and large,
successful modern eradication campaigns have been conducted under
rather special circumstances. The insect to be controlled has in some
instances been an introduced one, e.g., gambiae in Brazil and Egypt, or
the area has had the advantage of natural barriers, e.g., islands such as
Cyprus and Sardinia.

South-West Africa appears to me to be an ideal country for an eradica-
tion campaign. I am, of course, referring mainly to region 4 and south
of it. This vast piece of country is bounded on the west by the sea and on
the east by the Kalahari Desert: both of these form excellent natural
barriers against reintroduction. On the south is the Orange River which
is known at certain times to produce gambiae. In winter it should be a simple
matter to eradicate gambiae from this river. The northern boundary of
region 4 is traversed by a few Omarumbas which pass mainly through
waterless country until the Okavango is reached. The Oshanas of Ovambo-
land terminate at the northern extremity of Etosha pan and reintroduction
from the south must be almost entirely by transport. Breeding at Namutoni
is confined to the solitary spring at the police camp and possibly a few
others not seen by the survey. On the whole, therefore, once gambiae has
been eradicated in region 4 southwards to and including the Orange River
there will be very little opportunity for its reintroduction.

An eradication campaign in region 4 and south of it has every prospect
of complete success. In winter the residual breeding-places of gambiae
are reduced to a few river pools, springs, water-holes, and wells over most
of the country. There should be no difficulty in dealing with these in a
comparatively short time.

Eradication campaigns are costly affairs and require expert direction,
but once they have been brought to a successful conclusion the recurring
expenditure is negligible.

There can be few territories of equal size in Africa in which an eradica-
tion campaign can be carried out with such little effort and such chances
of success as South-West Africa south of the Okavango and Ovamboland.
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SUMMARY

A malaria survey of South-West Africa
was carried out in the period February to
June 1950. In this report the endemicity,
entomology, and parasitology of malaria
in South-West Africa north of about
latitude 230 south are dealt with.

The endemicity of the disease was
estimated from spleen- and parasite-rates
of different age-groups of indigenous native
people. The varying degrees of endemicity
are classified according to Wilson's four
groups. Malaria of the highest endemicity
(Wilson's Group I) occurs along the
Okavango River and probably on the
Kunene and its immediate environs. From
there south the degree of endemicity
gradually decreases and most of the
country south of latitude 190 south falls
into Wilson's lowest group. This large
area is subject to either localized or
widespread epidemics. A map is produced
to show the approximate areas of ende-
micity.

Plasmodium falciparum accounts for
91 % of malaria in the areas surveyed.
P. malariae and P. vivax make up the
rest in approximately equal proportions.
P. malariae appears to be restricted to the
extreme north. Examinations were made
from thick smears and as these do not
readily reveal P. ovale the incidence of this
parasite is not known.

R12SUMJt
Le rapport qui pr&ede expose les cons-

tatations faites au cours d'une enquete
sur le paludisme dans le Sud-Ouest Afri-
cain, effectuee de f6vrier A juin 1950. II
traite de 1'endemicite, de 1'entomologie
et de la parasitologie du paludisme dans
la partie de ce territoire situee approxima-
tivement au nord du 23e degre de latitude
sud.
Pour determiner 1'endemicite de la

maladie, on s'est fonde sur les indices
spleniques et parasitaires releves chez des
autochtones appartenant a differents
groupes d'age. Les divers degres d'ende-
micit6 ont 6te classes selon les quatre
groupes de Wilson. C'est le long de la
riviere Okavango et, vraisemblablement,
sur le Kunene et dans ses abords immediats
que sevit l'endemicite la plus elevee
(groupe I de Wilson). L'endemicite diminue
d'intensite au fur et A mesure que l'on
se dirige vers le sud, jusqu'A correspondre
dans la majeure partie de la region situ6e
au sud du 9ge degre de latitude sud, au
groupe IV de Wilson. Cette vaste region
est le siege d'epidemies tant6t localisees
tantot generales. Le rapport est accompa-
gn6 d'une carte qui indique les zones
approximatives d'endemicite.
Plasmodium falciparum est responsable

de 91 % des cas de paludisme observ6s
dans la region parcourue. Les 9% restants
sont imputables, dans des proportions a
peu pres egales, a P. malariae et a P. vivax.
La presence de P. malariae semble etre
confinee A l'extreme nord. I1 a et6 proc-ded
A des examens sur des frottis epais, mais,
comme ces frottis ne permettent pas de
deceler aisement P. ovale, on ignore la
frequence de ce parasite.
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A fair proportion (17Y) of northern
labourers who travel to the south for work
are gametocyte carriers of P. falciparum.
It is felt that these people must play some
part in the causation of localized epidemics
which are a feature of some districts
south of about latitude 190 south.

The climate of South-West Africa is of
the desert type, that is, hot days followed
by very cold nights. The cold Benguela
current flowing up the west coast plays
an important part in determining the
climate. This climate undoubtedly has an
influence on malaria endemicity and is
thought to play some part in several
instances of " anophelism without malaria"
encountered.

The presumed vectors are Anopheles
gambiae over the whole territory plus
A. funestus on the Okavango and probably
the Kunene. Sufficient dissections could
not be undertaken to confirm this definitely.
The possible role of A. lister! as a vector
was not settled. The distribution of
gambiae is shown on a map.

The bionomics and relation to malaria
of A. gambiae, A. funestus, and A. listeri
are dealt with in some detail. On the
whole, the behaviour of both larvae and
adults of A. gambiae and A. funestus in
South-West Africa does not differ mate-
rially from that found in other parts of
Africa. In some parts of South-West
Africa gambiae adults were found to be
immobilized by the very low temperatures
at night and in the early morning. After
sunrise and rise in air temperature such
immobilized adults revived and bit freely,
even in bright sunlight, until late in the
morning. This phenomenon may have a
bearing on the low incidence of malaria
in many parts of the territory where
gambiae is present in large numbers.

Une proportion assez eleve'e (17%) des
habitants du nord de la region qui vont
chercher du travail plus au sud sont por-
teurs de gametocytes de P. falciparum.
II est a presumer que ces travailleurs sont
en partie responsables des epid6mies
localisees qui se produisent dans certains
districts situes au sud du l9e degre de
latitude sud.

Le climat qui regne dans le Sud-Ouest
Africain est un climat de type desertique,
c'est-A-dire caracterise par des journees
chaudes suivies de nuits tres froides. Le
courant froid de Benguela, qui remonte
le long de la cote occidentale, joue un
role important 'a cet egard. Ce climat
exerce une influence incontestable sur
l'endemicite paludeenne, et l'on pense
qu'il explique, dans une certaine mesure,
I'apparition de plusieurs cas d'( anophe-
lisme sans paludisme B qui ont et6 cons-
tates.

Les vecteurs presumes sont Anopheles
gambiae, dans l'ensemble du territoire, et
A. funestus, sur les bords de l'Okavango
et, probablement, du Kunene. I1 n'a pas
et6 possible d'operer un nombre suffisant
de dissections pour &tre en mesure de
confirmer d6finitivement cette hypothese.
D'autre part, on n'a pas pu determiner
exactement le role que joue A. listeri en
tant que vecteur. La repartition de
A. gambiae est indiquee sur une carte.

Le rapport contient des indications
assez d6taillees sur la bionomie de A.
gambiae, A. funestus et A. listeri et sur
le role de ces vecteurs dans la transmission
du paludisme. D'une facon generale, le
comportement des larves et des adultes
de gambiae et de funestus ne differe pas
sensiblement, dans le Sud-Ouest Africain,
de ce qu'il est dans d'autres parties du
continent. On a constate, dans certaines
regions, des gambiae adultes immobilises
par les temperatures extremement basses
qui rEgnent pendant la nuit et durant les
premieres heures du matin. Apres le lever
du soleil et avec l'el6vation de la tempe-
rature ambiante, ces moustiques sortent
de leur torpeur et s'attaquent aux habi-
tants, meme en plein soleil, jusqu'& la fin
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A. listeri is a house-frequenter in some
regions and bites man freely.

Thirteen additional species of anophe-
lines are added to the known fauna which
now consists of the following: coustani
coustani, coustani var. ziemanni,*rhode-
siensis,*pretoriensis,*noucheti(?),*gambiae,
squamosus, listeri, rufipes, nili,* funestus,
ruarinus,* distinctus,* pharoensis,* sp.
indet.,* maculipalpis,* cinereus,* demeil-
loni,* marshalfi.* Species marked with an
asterisk are new for the territory. The
distribution of these species is given and
the relationship of the fauna to that of
the rest of the Ethiopian geographical
region discussed.

Control and eradication of vectors is not
dealt with exhaustively, but it is felt that
eradication of A. gambiae from the greater
part of South-West Africa does not
present insuperable difficulties. Control
by means of residual insecticides offers
the best hope for the highly endemic
regions on the Okavango and in Ovambo-
land.

de la matinee. Ce phenomene peut etre
en relation avec la frequence peu 6levee
du paludisme dans de nombreuses r6gions
ou existent d'importantes colonies de
gambiae. Dans certaines r6gions, A. listeri
penetre dans les habitations et s'attaque
A l'homme.

Treize espBces d'anophelines ont ete
ajoutees a la liste de celles qui avaient
deja et6 observees. La faune actuellement
connue comprend les especes suivantes:
coustani coustani, coustani var. zie?nanni,*
rhodesiensis,* pretoriensis,* moucheti (?),*
gambiae, squamosus, listeri, rufipes, nili,*
funestus, ruarinus,* distinctus,* pharoensis,*
une espece indeterminee,* maculipalpis,*
cinereus,* demeilloni,* marshalli.* Les
especes marquees d'un asterisque sont
nouvelles pour le territoire. Le rapport
indique la repartition des differentes
especes et traite de la relation qui existe
entre la faune anophelienne du territoire
et celle du reste de la region dite ethio-
pienne.
La question de la lutte contre les insectes

vecteurs et de leur extermination n'est pas
etudiee d'une maniere complete, mais il
y a lieu de supposer que la suppression
radicale de A. gambiae dans la plus grande
partie du Sud-Ouest Africain ne presen-
terait pas de difficultes insurmontables.
C'est probablement l'application d'insec-
ticides a effet remanent qui donnerait
les meilleurs resultats dans les regions A
forte endemicit6 de l'Okavango et dans
l'Ovamboland.
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