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The Conditions of Malaria Transmission
in Katsina Province, Northern Nigeria, and

the Effects of Dichlorvos Application*
C. V. FOLL 1 & C. P. PANT 2

A study has been made of the conditions of malaria transmission in the northern part
of the Guinea savannah belt of West Central Africa. It was found that, in this holoendemic
area, transmission occurs principally from August to December but continues on a much
reduced scale throughout the rest of the year, even when anopheline densities are as low
as 0.02 per hut. Longitudinal parasitological studies on infants, carried out on an area
rather than an individual village basis, provide the most useful epidemiological technique
during the minor transmission period. Examination of the spleens of children from areas
that had been treated with dichlorvos suggested that the reduced hut anopheline densities
resulting from the treatment were subsequently reflected in the reduced number of children
showing markedly enlarged spleens.

During 1963, aWHO team carried out an extended
field trial with dichlorvos in the Kankiya district of
Katsina Province, Northern Nigeria (Foll et al.,
1965). In the course of this work and continuing into
1964, a study was made of the conditions of malaria
transmission in the area. Since the findings relate
to the northern part of the Guinea savannah belt
of West Central Africa, which is a holoendemic
area, they are of particular epidemiological interest.
A detailed description of the area in which the

survey was carried out is given in the earlier paper
(Foll et al., 1965) and is therefore not repeated here.
Meteorological data for the period of study are listed
in Table 1.

EPIDEMIOLOGICAL INVESTIGATIONS AND RESULTS

Malariometric surveys 3

Three surveys were undertaken within the con-
trol area-one at the end ofthe dry season of 1963, one
after the rains in the same year and the last after
the dry season of 1964. The results of the surveys
are included in Table 2. The following observations
are relevant:

* From Field Trials of New Insecticides, World Health
Organization, Kankiya, Northern Nigeria.

Malariologist, Team Leader.
'Entomologist.
' Initially only the control area will be discussed because

it was untreated in the dichlorvos trial.

Crude parasite rates. Figures for infants in the
second and third surveys have been calculated from
the results of the special investigations of blood
slides.

Parasite densities. No densities were calculated
for the first survey. Parasite densities in infants for
the second and third surveys were calculated accord-
ing to the method of Bruce-Chwatt (1958) from all
positive cases in the preceding six months.

Spleen rates. It may be noted that the spleen rates
in the third survey were appreciably lower than those
in the first.

Average enlarged spleens. In May 1964 the spleens
were very slightly smaller than in May 1963.

Special infant investigations
As previously described (Foll et al., 1965), we

were notified of all births in the area under study
and blood slides were taken from these infants at
monthly intervals. For the purposes of the survey
the following definitions were used:
A newborn infant was one whose blood was being

taken for the first time for inclusion in the series
and who was born after mid-May 1963, the date of
first placing of dichlorvos dispensers. A few infants
were included who were born about one month
before the placing of the dispensers but who were
subsequently found to have negative blood slides.
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TABLE 1. METEOROLOGICAL DATA (MONTHLY AVERAGE FIGURES) FOR KAFIN
SOLI, KANKIYA DISTRICT, NORTHERN NIGERIA, JANUARY 1963 TO JUNE 1964

Mean Mean Mean Mean Relative
wet-bulb dry-bulb maximum minimum humidity Raifa

Month tempera- tempera- tempera- tempera- at 10 a.m (mm)
ture ture ture ture at1a.. (m
(°C) (OC) (IC) (IC) (%)

1963 January 14.0 25.8 32.0 10.3 20.5 0

February 17.9 30.8 37.0 15.8 22.9 0

March 16.0 29.2 34.6 18.2 18.0 0

April 23.5 32.6 38.9 22.0 43.8 0

May 26.4 31.8 37.7 24.0 66.6 27

June 23.7 28.4 34.8 22.4 66.0 111

July 23.4 26.6 31.1 24.3 85.1 165

August 23.1 24.8 29.4 20.0 79.5 305

September 24.5 27.3 31.3 20.4 79.1 76

October 23.6 29.4 33.2 19.4 60.3 39

November 15.8 26.0 30.4 6.6 28.0 0

December 15.0 27.0 32.4 10.1 18.6 0

1964 January 12.3 23.4 30.0 11.7 28.2 0

February 14.0 25.6 31.7 12.8 21.1 0

March 18.1 32.7 37.8 16.1 18.9 0

April 22.3 34.0 39.6 21.8 34.1 4

May 24.3 32.0 37.9 22.7 51.9 60

June 24.0 28.3 33.4 21.7 68.1 125

TABLE 2. RESULTS OF MALARIOMETRIC SURVEYS IN CONTROL AND TRIAL AREAS

Crude parasite
rates a

Age-groups

Control area

Dry
weather
1963 Trial areas

Control area

Post-
rains
1963 Trial areas

Control area

Dry
weather
1964 Trial areas

0-1 2-4

34.5
(119)

34.4
(395)

d

d

d

d

67.8
(283)

5-9 1Adults
40.7b
(1 45)

Parasite densities Spleen rates
(%)

0-1 2-4 5-9 Adults | 2-4 5-9 2-9
..

(392) No densities determined

78.9 (550.6b 12.6 Nodensitiesdetermined
(705) (494) (270)

92.1 78.5 23.3
(140) (140) (146)

91.0
(458)

84.6
(122)

80.9
(367)

76.1 25.7
(410) (595)

73.1
(141)

68.4
(392)

14.0
(57)

15.6
(508)

77.4 57.5bl 67.9cl 2.1

67.9 45.7b1 56.2 c 2.2

5.3 4.7 3.7 2.3 1 69.0 31.5 50.2 2.1

5.3 4.6 3.9 1.9

4.1 4.1 3.2

4.0 4.1 3.6

e

56.2 41.1

51.6 34.3

2.8 1 24.2 26.2

49.2

42.4

24.9

2.3

1.9

1.9

Average
enlarged
spleens

2-4 5-9 I 2-9

2.0 bj 2.1 C

2.0 b 2.1C

Spleens
size 2 or

larger (%)

2-4 5-9

57.5 38.5b

46.6 |31.2b

1.7 2.0 54.9 17.6

1.7 2.0 44.4 22.4

1.8 1.9

1.8

33.6 22.1

1.9 16.3 16.9

a Proportion of subjects with positive blood slides (%); figures in parentheses are the total number of persons examined.
b Age-group 5-10 years. c Age-group 2-10 years. d See Table 3. e Numbers too small to be significant.
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A follow-up infant was one
who had been examined as a
newborn infant and who was
then examined at monthly in-
tervals until his blood slide
was found to be positive (i.e.,
until malaria parasites were
found). When this happened
the child was treated with a
single dose of chloroquine in
accordance with his age and
was then excluded from fur-
ther investigation in this se-
ries. The diagrammatic record
of this investigation is shown
in Fig. 1.
Although we consider that

the major transmission season
is from August to December,
in 1963 we did not begin work-
ing in this area until September,
and in the months September
to December (inclusive) we
examined blood slides from
199 newborn infants, of which
51 (25 %) were found to be
positive. In the same period, at
follow-up blood examinations,
it was found that 40 of the
remaining 148 infants became
positive. During the dry season,
or minor transmission season
(January-June 1964), only one
positive slide was found in the
examination of 221 newborn
infants, whereas 30 infants were
found to be positive out of
the 328 followed up. The re-
sults are shown in Table 3.
Investigations of the children
with positive blood slides found
during the dry season showed
that only 18 infants were al-
most certainly infected during
that time; the other 12 could
well have been infected during
the main transmission season.
The mothers of 17 of these in-
fants were asked whether they
had ever taken them away from
the home village-only one ad-
mitted having done so and she

FIG. 1. LONGITUDINAL STUDY OF ALL POSITIVE INFANTS
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TABLE 3

PERCENTAGE OF POSITIVE SLIDES FROM NEWBORN
AND FOLLOW-UP INFANTS IN DIFFERENT SEASONS a

Major transmission Minor transmission
season 1963 season 1964
(Aug.-Dec.) (Jan.-June)

Area
Newborn Follow- Newborn Follow-
iinfants infants infants inupnts

Trial areas 18.5 27.5 2.0 5.9
(816) (665) (393) (867)

Control area 25.0 27.0 0.5 10.9
(199) (148) (221) (328)

Total 19.9 27.4 1.5 6.8
(1 015) (813) (614) (1195)

a Figures in parentheses represent numbers examined.

had visited a village in the treated area. These posi-
tive cases were evenly distributed throughout the
area.
The possibility of congenital malaria was con-

sidered, but no infant under the age of one month
was found to have a positive blood slide.
From a study of Fig. 1 the average age at which

an infant living in the control area first gave a
positive blood slide during January to June 1964
can be determined as 19.4 weeks; for the trial area
the comparable figure is 25.8 weeks. Thus, infants
in the trial areas were on average 6.4 weeks older
than those in the control area when the first positive
blood slides were obtained. Study of similar data
for the period of major transmission yields an
age of 14.5 weeks in the trial areas and 10.9 weeks
in the control area, a difference of 3.6 weeks.
This would appear to indicate that dichlorvos, by
reducing the mosquito population, reduced the in-
oculation rate and thereby affected the age at which
infants were first infected. It may therefore be
possible to use the age at which infants first give
positive blood slides as an indication of the efficacy
of an insecticide.

Entomological investigations
The densities of anopheline mosquitos in the

huts were determined by space-spraying the huts
with a 0.1 %-0.2% pyrethrum solution. The huts
were particularly suitable for the use of this method
of sampling because they had no windows. While
spraying was done inside the hut, the eaves were also

sprayed with pyrethrum solution from outside to
prevent the mosquitos from flying out.
The collected anophelines were identified as to

species and classified according to the stage of
ovarian development and blood digestion. Salivary
glands were dissected for examination for the pre-
sence of sporozoites.
The control (untreated) village was visited once

every week and six to eight huts were used for the
space-spray collection of mosquitos. The dichlorvos-
treated villages were visited twice a week and each
time 12 to 16 huts were sampled.

Dissections for physiological age were confined
to Anopheles gambiae with the ovarian development
of Christophers' Stage III.
The following anopheline species were identified

(some specimens collected after pyrethrum space-
spraying were so damaged that identification was
not possible): A. gambiae, A. funestus, A. rufipes,
A. wellcomei, A. nili, A. pharoensis, A. flavicosta,
A. leesoni (?), A. coustani. On the basis of positive
gland findings and abundance, however, the only
species that seem to be important for malaria trans-
mission are A. gambiae and A. funestus.

Seasonal history of A. gambiae and A. funestus.
Table 4 shows the period of abundance and hut
densities of A. gambiae and A. funestus. It will be
seen that the two species prevail during different
parts of the year, A. gambiae being the predominant
species from May to August and A. funestus from
September to March. This pattern probably depends
on the presence of a suitable habitat for the breeding
of the two species. It is known that A. gambiae
breeds in sunlit pools and borrow pits; during the
dry weather the vegetation disappears and from
April to August suitable conditions occur. Rains
commence in May (the first rain in 1964 was on
26 April); by the end of August vegetation is abun-
dant on the water pools and production of A. funes-
tus increases.
During November to March inclusive the tem-

peratures and humidities fall (Table 1). Con-
sequently, the combined densities of A. gambiae
and A. funestus also start to fall. Owing to the lack
of rain, the breeding places also start drying and
the anophelines are found only in villages in the
vicinity of permanent water pools.
Both A. gambiae and A. funestus transmit malaria

in this area and it will be seen that one or both of
them occur throughout the year. From December to
March, however, the combined densities are very low.
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TABLE 4
HUT DENSITIES OF MOSQUITOS IN BELA a

Nofhumber Number of mosquitos
of hutspehu

examined A. gambiae A. funestus

1963

April 12 7.1 0

May 13 26.2 0

June 22 27.2 0.1

July 26 22.8 1.5

August 6 19.8 8.2

September 16 11.6 14.8

October 24 3.4 12.4

November 8 0.5 4.6

December 32 0.7 2.7

1964

January 32 0.2 1.8

February 32 0 0.3

March 8 0 0.9

April b - - -

May 32 5.2 0.1

June 38 13.6 0

a An untreated village with a permanent water source.
b No examination carried out.

Table 5 gives the results of dissections for sporo-
zoites; sporozoite-positive mosquitos were collected
in all months except February, March and April.
However, the sample dissected during these three
months was very small because of a considerable
drop in densities. Infected A. gambiae were collected
from May to November and infected A. funestus
from August to January. A. gambiae is the main
vector species, exercising its influence till the be-
ginning of the dry weather, while A. funestus con-
tinues throughout this time. Thus transmission in
the area continues throughout the year, though the
quantum of transmission is very low during the
extreme dry weather. Confirmation of this conclu-
sion is obtained from the parasite rates in infants.

Longevity and survival rate of A. gambiae.
Advanced age-grouping, using the Polovodova-
Detinova technique of extracting and counting
follicular dilatations, was used on a sample of

A. gambiae during April to September in the control
area. Only ovaries of Stage III (Christophers') were
used in these dissections; Table 6 summarizes the
results obtained.
During the period June to September, when

transmission was taking place at a high rate by
A. gambiae, the proportion of parous mosquitos in
the sample dissected was 0.78. On the assumption
that A. gambiae have a gonotrophic cycle of two days
during this period, the probability of survival through
one day (p) is given by the formula:

p-= /proportion parous

Thus, from the present results, p for A. gambiae is
0.88, i.e., the survival rate per day is 88 %.
Nine sporozoite-positive females were dissected

to determine their physiological age. Of these, seven
had three ovariole dilatations and two had four
dilatations. Thus the epidemiologically important
age is the fourth gonotrophic cycle and beyond.
The proportion of such females in our sample was
0.20. Detinova & Gillies (1964), in East Africa,
reached the same conclusions.'

Biting habits. A. gambiae and A. funestus were
found to be late biters. Both species were found to be
biting outdoors when baits were present outdoors.
In assessing the importance of outdoor biting, human
habits should be also kept in mind. During the
summer months (dry period), some people sleep
outside the buts; however, anopheline densities
during this period are low. During the rains people
do not sleep outdoors. Furthermore, in some areas,
even if people sleep outdoors early in the evening,
they move inside after midnight. Since most biting
occurs after midnight, outdoor transmission may
not be very significant. Considering all factors-the
biting habits of the vectors, the sleeping habits of
the population, and the vector densities during
different times of the year-we believe that outdoor
transmission occurs only to a very minor degree
in the area.

Resting habits. Both A. gambiae and A. funestuts
were found to be resting predominantly indoors.
Besides being collected from the huts used for
sleeping, anophelines were also obtained from
kitchen shelters and animal shelters. Classification
of the abdominal stages of A. gambiae collected

1 The finding of sporozoites in females with three dilata-
tions may also point to a longer gonotrophic cycle in A. gam-
biae than the assumed two days. If this is the case, the cal-
culated values of p may be different. Thus, for a four-day
cycle, p will be 0.94 when the proportion parous is 0.78.
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TABLE 5
SPOROZOITE RATES IN A. GAMBIAE AND A. FUNESTUS IN CONTROL AREA

0 0 0

0 0 0

0 0 0.69

0 0 2.12

1 1.66 3.08

1 0.28 2.21

0 ° 0.89a

3 1.91 2.15

1 1.3 0.94

a This may be due to an unusual sample of A. funestus.

TABLE 6
RESULTS OF ADVANCED AGE-GROUPING DISSECTION

OF A. GAMBIAE IN CONTROL AREA

Month Total No. No. Number of dilatations
(1963) dis- nulli- parous____sected parous parous 1 2 3 4 5 Sac

April 35 8 27 17 7 2 1 0 0

May 72 22 50 28 16 5 1 0 0

June 13 2 11 7 4 0 0 0 0

July 69 16 53 22 15 11 2 1 2

August 23 5 18 5 4 5 4 0 0

September 22 5 17 12 2 3 0 0 0

Total 234 58 176 91 48 26 8 1 2

°%G 100 24.8 75.2 38.9 20.5 11.1 3.4 0.4 0.9
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indoors during the morning spray catch showed that,
during the dry months of 1963, the ratio of fed to
gravid mosquitos was about 50:50 (1197 A. gambiae
examined), whereas during the rainy months it was
near 65:35 (2239 A. gambiae examined). This shows
that, during the rainy months, more mosquitos
leave the huts than would be normal solely for egg
laying. These mosquitos may be resting outdoors,
where, during rainy months, there is vegetation
and the humidity is high.

TRANSMISSION DURING THE DRY SEASON

At the end of the malariometric and entomological
surveys in April-May 1963, we postulated that trans-
mission in this district would be seasonal (i.e.,
during and immediately after the rains), and that
during the dry season transmission would occur
only in those few localities with permanent water
pools. We based this view on the belief that the
extreme dryness of the weather, which gave the
countryside a desert-like appearance, provided an
atmosphere whose humidity was too low for mos-
quitos to survive long enough to play their part in
the transmission cycle. In this belief we were wrong.
No measurable amount of rain fell in the area

from 17 October 1963 until 26 April 1964. The blood
slides obtained from infants in the control and trial
areas were very similar and for the purpose of this
discussion both will be considered (Table 2). In the
trial areas, of the 54 cases (48 follow-up and six
newborn infants) found to be positive during the
January-June period, only 32 (30 follow-up and
two newborn infants) could be confirmed as having
almost certainly been infected after 1 January
(Fig. 1). Fig. 2 shows that, although blood slides
were taken with an even distribution throughout
the area, 28 of these infants lived in villages situated
in the eastern half of the trial area and two others in'
villages just inside the western half. In the control
area, 18 out of 31 cases were confirmed as almost
certainly having occurred after 1 January and these
were spread evenly throughout the area. Thus two
factors clearly emerge. Firstly, transmission takes
place at a reduced rate throughout the dry season
(Table 2) and, secondly, transmission appears to be
concentrated within the eastern half of the trial area.
The last dichlorvos dispensers (solid) were placed
in the western half of the trial area in the second
week of November and the last liquid ones in the
eastern half in the third week of October. Our
investigations during the dichlorvos trial led us to

FIG. 2
LOCATION OF CASES PROBABLY INFECTED
BETWEEN 1 JANUARY AND 30 JUNE 194

CONTROL AREA

* Infected Infant

Q) Permanent water (Machinjim dried up In March)

conclude that these dispensers could have exerted
little influence on the mosquito population after
the end of February.
Our previous surveys had indicated that the area

was homogeneous from an epidemiological view-
point. Meteorologically and in the distribution of
houses it was also homogeneous, but in certain
places there was permanent water-in the large
borrow pits in Kankiya town, in Machinjin and Bela,
and in Karaski, where a spring supplies a small pool.
The positive cases in the trial area occurred within
a circle of about seven miles (11.2 km) diameter
centred on Karaski (Fig. 2).

In Karaski, a village of some 800 people, from
January to June 1964 94 blood slides from newborn

WHO 60304
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and follow-up infants were examined; none were
found to be positive, but on 11 July 1964 six positive
slides were found from 16 follow-up infants exam-
ined. Pyrethrum-spray catches in 16 huts were made
at weekly intervals, and between 3 December 1963
and 3 March 1964 only two A. gambiae and three
A. funestus were found in 224 huts, an average hut
density for these three months of 0.02. On 23 June
1964 a hut density of 31.0 was determined in the
same village (compared to an average density of
0.22 for November to April inclusive); on the same
day three positive sporozoite glands were found
among the 67 dissected. Malariometric surveys in
December 1963 and May 1964 indicated a reduced
spleen rate at the latter date.

It was noticed during field trips in January to
June that the western half of the trial area appeared
much drier and more desert-like and that wells in
many villages had dried up. It was decided to inves-
tigate the village of Busta (which seemed one of the
driest) to see if the dry weather had, in fact, stopped
transmission. No positive cases were observed
among the infants and only four A. funestus
were found in 80 huts sprayed monthly between
23 November 1963 and 28 February 1964, giving
a hut density of 0.05, but malariometric surveys
appeared to show that transmission continued as in
Karaski.

In Machinjin, which lies midway between Busta
and Karaski, positive infant-blood slides had been
obtained in February and May. Pyrethrum-spray
catches were carried out in 16 huts at regular inter-
vals, and between 11 December 1963 and 5 May 1964
only five A. gambiae and four A. funestus were found
in 240 huts, giving a hut density of 0.04.

Kafin Dangi village had positive infant cases in
February and March 1964, but between the beginning
of January and the end of April monthly pyrethrum
catches yielded only four A. gambiae and two
A. funestus, a hut density of 0.1.

Sporozoite-positive mosquitos were captured in
the area up to January 1964 and then again in May-
only a very small sample was available between these
two times. Malariometric results from the villages
of Karaski, Machinjin and Tsa (combined), Busta
and Gadar Buba showed that there is a reduction in
parasite and spleen rates in going from east to west
during the dry-weather survey of 1964, but only in
the spleen rates in the post-rains survey of 1963.

If transmission had been interrupted during the
dry six months, a reduction in the crude parasite
rate to a figure not more than 40% of the original

(WHO Expert Committee on Malaria, 1964) might
have occurred. Studies on children aged 5-9 years
in Kafin Dangi and Busta villages indicated reduc-
tions of crude parasite rates to 84.8% and 93.8%
of the originals, respectively, between the post-rains
survey of 1963 and the dry-weather survey of 1964.
In the dry-weather survey, the percentage of heavy
infections (more than 1000 parasites/mm3) in Kafin
Dangi for children aged 2-9 years was 41.4% and
among children aged 2-14 years 40.0%. Comparative
figures for Busta were 39.2% and 35.7%. Had
interruption of transmission occurred, the figure
for the whole community should have been less
than 7.5% (WHO Expert Committee on Malaria,
1964). On the basis of the total population in this
district, this 7.5 % represents a maximum value
for the 2-14 years age-group of 12% (cf. Kafin
Dangi 40.0% and Busta 37.7%). In December 1963,
heavy infections in the 2-14 years age-group re-
presented 46.9% and 35.8% of the total infections
in Kafin Dangi and Busta.
Thus it is clear that transmission at a very low

level continued throughout the dry weather, in spite
of unfavourable meteorological conditions and a
much reduced mosquito density. A further possible
cause of the persistence of high parasite rates may be
an increase in parasite longevity following the
superinfection that occurs during the period of major
transmission.

EFFECTS OF DICHLORVOS ON MALARIA TRANSMISSION

In our previous report of the dichlorvos trial
(Foil et al., 1965) we stated that dichlorvos had not
interrupted the transmission of malaria although
it had certainly reduced the hut densities of mosqui-
tos. It was decided to study the result of the May
1964 survey to see whether any late effects of the
trial could be noted. The full details are given in
Table 2.
The striking difference in the spleen rates of

children aged 2-4 years was immediately demon-
strated. This was associated with a small reduction
in the average enlarged spleen (AES) for the same
age-group. Further investigation of spleen sizes
(Hackett's classification) showed that the percentage
of spleens of size 2 or larger was 16.3% in the trial
area and 33.6% in the control area. This difference
(a ratio of 2:1) was much greater than that observed
in either of the other surveys and, since dichlorvos
had been shown to reduce hut densities, it is postu-
lated that infants in the trial area received less-
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infective bites-presumably as a result of the reduced
mosquito density (see also the results of the longitu-
dinal infant study). It was also noted that crude
parasite rates, spleen rates, and AES for the May
survey of 1964 were all lower than those found in
the dry-weather survey of the preceding year.
However, the results of the 1964 malariometric
survey in Karaski were very similar to those
obtained in the control area. Two possibilities may
be considered: firstly, that the permanent water in
Karaski allowed transmission to continue at a higher
level than in the rest of the trial area and that the
difference in the percentages of spleens of size 2 or
larger is due to lack of transmission in the dry season
and not to the effect of dichlorvos (not reflected in
the control area); secondly, that without the use of
dichlorvos dispensers all the results of the malario-
metric survey in Karaski would have been higher
than those in the control area (e.g., hut density in
May 1963 was 52.1 in Karaski and 27.3 in the control
area). All spleens were examined by the same person
(CVF), using the same technique.

CONCLUSIONS

As a result of this study we conclude that:
(a) Malaria in this semi-desert savannah region

is holoendemic and transmission continues through-
out the year, even when demonstrable vector densi-
ties fall to 0.02 per hut.

(b) Longitudinal infant studies may give a mis-
leading picture if carried out on a village rather
than an area basis during minor transmission periods.

(c) Longitudinal infant studies are of great value
during months when transmission occurs at a higher
level.

(d) Six-monthly malariometric surveys definitely
show the persistence of transmission.

(e) Application of dichlorvos dispensers reduces
mosquito densities in the huts and hence the number
of infective bites, and this is reflected in a reduction in
the number of spleens enlarged to size 2 or more and
also in the fact that, in the treated area, infants are
older when first found to have positive blood slides.
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RI1SUMt

En 1963, une 6quipe de 1'OMS a effectu6, au moyen
de dichlorvos, un important essai sur le terrain, dans le
district de Kankiya, Province de Katsina, au Nig6ria du
Nord. Au cours des travaux, les conditions de transmis-
sion du paludisme dans la region ont e etudiees.
Dans la zone temoin non traitee, trois enquetes paludo-

metriques ont e entreprises: deux en 1963, I'une 'a la
fin de la saison seche et I'autre apres les pluies; la troi-
sieme en 1964 apres la saison seche. Les resultats de ces
enquetes ont permis de calculer les indices plasmodiques
bruts, les densites parasitaires, les indices spleniques et
le degre d'hypertrophie splenique de la population, prin-
cipalement chez les enfants. Toutes les naissances qui
ont eu lieu dans la zone ont ete declarees, et des etale-
ments sanguins ont 6te preleves sur les nouveau-nes, de
mois en mois. Aucun enfant n'a presente de paludisme
cong6nital.
Des etudes entomologiques ont ete effectuees. Les

especes predominantes etaient Anopheles gambiae de mai
a aouit et A. funestus de septembre a mars. En decembre,

janvier, fevrier et mars, les densites de ces deux especes
etaient tres faibles, mais on trouva des specimens de
l'une ou de l'autre, ou des deux, pendant toute l'annee.
La longevit6, les taux de survie, les habitudes d'alimen-
tation et de repos des deux principales especes ont ete
etudies. Sept autres especes anopheliennes ont ete d6cou-
vertes dans la region.

Les recherches epidemiologiques ont permis de con-
clure que le paludisme est holoendemique dans cette
region semi-desertique de savane et que la transmission
a lieu a un tres faible degre pendant toute la saison
seche, malgre des conditions meteorologiques d6favo-
rables aux moustiques et une densit6 anoph6lienne
fortement reduite, n'atteignant parfois que 0,02 par
habitation.
On a constate que les etudes longitudinales sur les

nourrissons fournissaient des renseignements extreme-
ment precieux pendant les mois de forte transmission,
mais qu'elles risquaient de donner un tableau trompeur
de la situation lorsqu'elles portaient sur un seul village,
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plutbt que sur toute une zone, pendant les periodes de
faible transmission.
Le traitement par le dichlorvos a entraine une dimi-

nution de la population anophelienne et de la fr6quence

des piquires infectantes. 11 en est result6, chez les jeunes
enfants des zones traitees, une baisse de l'indice spl6nique
et une apparition plus tardive des premiers etalements
positifs.
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