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Application of Malariometric Data Obtained
from Longitudinal Studies on Infants

in Northern Nigeria
C. V. FOLL 1

In Northern Nigeria some 11 000 blood films taken from infants were examined for
the presence ofmalaria parasites during the course of WHO field trials ofnew insecticides.
A first film was taken, in most cases, within the first month and the subsequent ones at
monthly intervals thereafter. Analyses of the results obtained from these longitudinal
studies were made according to the malaria transmission season, and infant parasite
incidences were calculated.

The incidences thus obtained were found to be valuable in investigating the epidemio-
logical situation in a particular locality, in assessing the effect of congenital immunity
and in evaluating the efficacy of insecticidal attack.

Since 1963, in Kankiya District, Katsina Province,
Northern Nigeria, about 11 000 blood films from
infants have been examined for the presence of
malaria parasites during the course of two field
trials on new insecticides (Foil et al., 1965; Foil &
Pant, 1966). The object of the present paper is to
make an analysis of the results of these examinations
and to consider in some detail three possible uses
of the parasite incidences obtained from longitudinal
studies on infants-namely, in studying the epi-
demiological pattern of a given population, in assess-
ing the significance of congenital immunity in the
population, and, lastly, in evaluating the efficacy of
an insecticide.
A description of the area has been given in an

earlier paper (Foll et al., 1965) and is not repeated
here. Meteorological data for the period January
1963 to June 1964 inclusive have been reported
(Foll & Pant, 1966), and data for the period July
to December 1965 are given in Table 1.

METHODS

Approximately 60 villages were involved in this
study, and each village headman was issued with
a notebook in which he entered details, shortly
after birth, of newborn infant in his village. Villages

1 Formerly, Malariologist and Team Leader, Field Trials
of New Insecticides and Antimalarial Drugs, World Health
Organization, Kankiya, Northern Nigeria.

are grouped into village units- I in number for
the trial area-and every fourth Friday the village-
unit headmen were visited by a member of the
team who collected the relevant information. (Friday
was chosen in preference to any other day of the
week since Katsina Province is a predominantly
Muslim area.) Thus a blood film from each infant
was usually taken within its first month of life and,
in addition, there was an accurate figure for its age.
Subsequent blood films were taken at monthly
intervals and results were then plotted on a village
basis (Foll & Pant, 1966). As soon as a positive
blood film was obtained, the infant was given a
single dose of 50 mg chloroquine base and no
further blood films were taken.

RESULTS

Hut resting densities of the two vectors, Anopheles
gambiae and A. funestus, from a village in the
comparison area have been analysed on a monthly
basis from early 1963 to the end of 1966 and are
given in Fig. 1 together with mean monthly relative
humidities and rainfall. Salivary glands dissected
from one or both vector anophelines have been
found positive in every month of the year; sporo-
zoite rates ranged between 0.5% in the dry season
and 6.9% during the wet.
As previously reported (Foll & Pant, 1966) there

are two well-defined seasons of transmission in
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TABLE 1

METEOROLOGICAL DATA (MONTHLY AVERAGE FIGURES)
FOR KAFIN-SOLI, KANKIYA DISTRICT,

NORTHERN NIGERIA, 1964-65

Month

1964

July

August

September

October

November

December

1965

January

February

March

April

May

June

July

August

September

October

November

December

Rainfall

No. of mm

days

12

13

9

0

0

0

0

0

3

13

8

16

6

1

0

0

230

236

109

0

0

0

0

6

0

3

30

152

125

194

86

16

0

0

Temperature humidity (%)

Mean Mean at at
max. min. 10.00 16.00
( mC)(OC) hours hours

30.3 20.8 80.3 66.4

28.5 19.8 83.6 74.4

30.3 20.0 78.9 73.7
_a - I 7 eK_ AtI n34.3
33.1

31.6

33.0

35.6

36.5

37.8

38.9

33.2

30.6

28.9

31.1

35.2

31.7

30.6

13.7

12.9

14.0

12.1

17.8

20.6

20.6

19.5

20.6

17.4

12.8

10.6

52.5

27.7

25.5

28.5

22.0

16.7

20.0

43.6

70.1

81.3

84.0

73.8

54.2

26.5

20.5

43.9
26.2

24.2

24.3

18.9

15.9

24.7

25.1

53.1

66.0

73.3

63.1

38.4

22.7

18.7

Kankiya: (a) a major transmission season, from
July or August to December, corresponding to the
season of maximum hut vector densities (the actual
start of this season in any particular year is deter-
mined by the start of the rains, which in turn lead
to a build-up of vector density); (b) the minor
transmission season, which occupies the rest of the
year, and is a period when over-all vector densities
are extremely low.

In the analysis of the results, each transmission
season was considered separately and each infant
was studied in relation to the particular transmission
season through which it was living. Records were

kept of the number of infants who became positive
in each season and also of the number of infants
who were followed through the season without

becoming positive. Positive cases found during the
dry season were studied to see whether they could
have been infected during the major transmission
season and where this appeared likely they were
excluded from the dry weather results. Any infant
who died or permanently left the area during the
period of observation was excluded. Throughout
this work, the definition of an infant as being less
than 1 year old has been strictly applied and any
blood films taken from children over this age have
been excluded.
Table 2 gives details of these analyses on a

seasonal basis and shows the percentage of infants
who were observed to develop positive blood slides
in each season, i.e., the infant parasite incidence
for that season. This should be differentiated from
the parasite rate, which by definition is the " per-
centage of persons in a defined age-group showing,
on a given date, microscopically detectable para-
sites in the peripheral blood" (World Health
Organization, 1963).

Other tables give details of breakdowns of these
basic results into age-groups, and further analysis
on a month-by-month basis.

PRACTICAL USE OF THE DATA

ON PARASITE INCIDENCE IN INFANTS

As an index of the liability to contract infection in
a given locality
If longitudinal studies are made of all infants

born in a village over a period of 2-3 years,
a clear picture of the transmission cycles in that
village or locality emerges. For example, in Kafin-
Dangi, a village in our comparison area, a diagram
(Fig. 2) has been made for the period December 1963
to December 1965. It may be seen that 16 positive
cases occurred in July to November 1964 and 20 in
August to November 1965 out of a total of 39 cases,
thus reflecting the major transmission seasons which
were probably June to October and July to October
in the respective years. The occasional case (1 in
May 1964 and 1 in February 1965) may be seen
to have occurred out of these seasons, indicating
that a degree of transmission does take place
throughout the dry weather. However, in the dry
weather one must be beware of judging the area
situation on the results from one or two villages
since these may be so dry that they have no vectors.
During this time, it is advisable to study as large
a number of villages as possible on an area basis
(Foll & Pant, 1966).
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FIG. 1

ENTOMOLOGICAL FINDINGS IN BELA VILLAGE (COMPARISON AREA) FOR THE PERIOD JUNE 1963 TO DECEMBER 1965
TOGETHER WITH MONTHLY RAINFALL AND AVERAGE RELATIVE HUMIDITY a
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a The rainfall and relative humidity data are from Kafin-Soli, where a meteorological station is situated.

The value of examining infants for malaria para- zation, 1963), which states that the " group of
sites in assessing the situation in a given locality 0-11 months has an importance of its own" in
has been stressed in the Terminology of Malaria this respect. Pampana (1963) writes that the " most
and of Malaria Eradication (World Health Organi- sensitive index of transmission is the infant parasite

TABLE 2
PERCENTAGE MALARIA-POSITIVE CASES IN INFANTS EXAMINED EACH SEASON

FROM SEPTEMBER 1963 TO NOVEMBER 1965 a

Area Wet season, 1963 Dry season, 1964 Wet season, 1964 Dry season, 1965 1 Wet season, 1965
(Sept.-Dec.) (Jan.-June) (July-Nov.) (Nov.-July) (Aug.-Nov.)

Comparison 45.2 b (199) 5.7 C (317) 73.7 (38) 2.8 C (71) 66.0 (97)
Insecticide-treated 40.9 b (816) d 4.4 c (875) 77.9 (426) e 6.2 c (255) { 24.9 (225)

a Figures in parentheses indicate the total number of infants followed up each season.
b Only infants born after 1 May 1963 included.
c Corrected figure to exclude positive cases probably Infected in wet season.
d Treated with dichlorvos-effect probably negligible by February 1964.
e The first round of fenitrothion was sprayed during this period.
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FIG. 2

BLOOD FILM RESULTS FROM LONGITUDINAL STUDY ON INFANTS IN KAFIN-DANGI (COMPARISON AREA)

O N, D J F M A M J J A S O, N D J F M A M J J A S O N D

1963 1964 1965
0
_ _ _ _ _0 0

)~~~~~~~ 0 0 o

> _~~~~o o 0

0 -00-0-O

R _~~~~~~ _
o _

>_~~~

3 0 0 8

o Negative blood slide

* Positive blood slide

Infant death

)-.- Infant birth

//Y Left village

v~ ~~~~~~
0

0 0 0

_~~~~~
D o o 0

) ~~~~~~ 0

_
0

o

0

0

o

-

o

0_ //00 0~~
0

0oo
0o o

' 0

_~~~~~

0

? O718 >- -

0 ----0-y//



APPLICATION OF MALARIOMETRIC DATA FROM LONGITUDINAL STUDIES ON INFANTS

rate ". Macdonald (1957) writes: " The parasite
rate amongst infants, preferably classified in three-
monthly age groups, gives more indications of
immediate parasitological happenings than any other
rate or combination of them. Its strength lies in
the fact that it gives a clear exact picture of what is
happening or has recently happened." He also
writes " the parasite rate in infants might be expected
to mount with passing time and increasing proba-
bility of infection according to the inoculation rate
to which they are exposed ". It is submitted that
the parasite incidence obtained from longitudinal
studies gives equally valuable and precise informa-
tion, although, carried out as they have been here,
it is not possible to calculate an accurate parasite
rate; the reason for this is that infants found to
have positive blood films were treated with an anti-
malarial drug and were not followed up thereafter.
Approximate estimations of the parasite rate might
be calculated provided that two assumptions were

made-first, that once an infant developed a positive
slide it would continue to exhibit parasites at each
monthly examination; and, secondly, that infants
with a negative film at, say, the June and August
examinations would have had a negative result
at the July examination which the infant missed
through absence. However, such estimations would
be only approximate and it is not considered
that inoculation rates as described by Mac-
donald (1957) can be calculated with any degree of
accuracy.

In Table 2, it should be noted that the figures
for the wet season of 1963 are biased in that only
infants born after 1 May 1963 were included in
our study. This is because work was started in
Kankiya District early in 1963 and the longitudinal
investigations on infants started at the beginning
of May. In addition, the insecticide-treated area
was under cover of dichlorvos dispensers from
July 1963 (Foll et al., 1965) though the effect of
these was probably negligible by February 1964.
During the wet season of 1964, the first round of
fenitrothion (Folithion; OMS-43) was applied and
it appears to have had little effect on the trans-
mission of malaria during this season.

If children aged 4-9 years had formed the main
part of our study, there would not have been such
a clear-cut demonstration of seasonal variation.
Table 3 shows two series of investigations of children
in this age-group, carried out in the insecticide-
treated and in the comparison areas respectively.
Parasite rates at the end of the rains varied between

85% and 95% and at the end of the dry season
beetwen 75% and 85%.

General surveys of total populations give an idea
of the situation at that moment in a given locality
but are of limited value in showing seasonal varia-
tions except in very young age-groups, and also
possibly in the adult group if the survey is timed to
take place just after the peak of major transmission
(if the survey is delayed, acquired immunity soon
reduces the parasite rate).

Integration of the results from the comparison
area given in Table 2 with (a) the longitudinal studies
on infants carried out in Kafin-Dangi (Fig. 2), with
(b) the results of examinations of 4-9-year-old
children (Table 3), and with (c) the entomological

TABLE 3
RESULTS OF EXAMINATION OF BLOOD SLIDES FROM

CHILDREN AGED 4-9 YEARS

Crude parasite Percentage
rate Parasite of total

Date density positive
Number index with heavy a
examined parasitaemia

Karaski b (fenitrothion-treated area)

30 November 1963 83.3 120 4.2 34.6

20 May 1964 78.8 69 3.8 25.0

11 September 1964 77.7 121 5.6 61.7

11 November 1964 87.7 130 3.9 31.5

11 January 1965 76.5 82 3.9 29.0

11 March 1965 83.8 80 3.3 20.9

11 May 1965 79.4 97 3.5 15.6

9 Jiuly 1965 85.9 114 3.7 23.4

9 September 1965 95.4 108 4.4 42.7

9 November 1965 75.0 136 3.8 28.0

Kafin-Dangi (comparison area)

17 December 1963 86.9 130 4.3 41.7

8 May 1964 77.8 117 3.5 20.9

8 September 1964 73.1 108 4.7 35.4

1 December 1964 87.4 103 4.4 45.5

I May 1965 86.0 100 4.5 41.7

1 June 1965 85.8 120 3.8 26.2

26 August 1965 91.4 94 4.0 25.8

1 December 1965 79.0 98 3.4 19.0

a Heavy = 1000 parasites/mm3.
b Karaski was sprayed with fenitrothion in July 1964, Octo-

ber 1964, February 1965, May 1965, July 1965, September 1965,
and November 1965.
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findings for the period under review (Fig. 1) gives
a useful example of some of the techniques of a

combined parasitological and entomological ap-
proach to initial epidemiological surveys in an area

newly under investigation. Such preliminary obser-
vations would need to be extended over at least
2 years.

In assessing the effect of congenital immunity

In this series no infant under the age of 1 month
was found to have a positive blood film. With
regard to congenital malaria, Covell (1950) wrote

"s among indigenous populations of malarious coun-

tries where transmission occurs throughout the
greater part of the year, congenital malaria is
exceedingly rare ". Bruce-Chwatt (1952) found not
a single case of congenital malaria in 332 African
newborn infants in Lagos. Similar negative results
were quoted by Cannon (1958) and Spitz (1959)
from Nigeria and by Jilly (report to WHO, 1966)
from Ghana. A recent study by Jelliffe (1968) in

Kampala, Uganda, showed that although 5.6% of
570 parturient women had infected peripheral blood
and 16.1 % a malaria-infected placenta, only 1 case
of congenital malaria was seen among the neonates.

Congenital transmission of immunity in malaria
was the subject of a comprehensive review by
Bruce-Chwatt (1963). Davidson & Draper (1953),
commenting on the discrepancy between the poten-
tial and effective malaria inoculation rates in former
Tanganyika, state that " the cause appears to be
within the infant, taking the form of an immunity
which suppresses the majority of infections but
exerts little restraint on those which break through ".
Many other authors-for instance, Gilles (1957),
McGregor et al. (1956)-have reported low inci-
dences and low parasitaemia densities in very young
infants. Four possible causes for this have been
considered by McGregor (1960) and discussed by
Bruce-Chwatt (1963): (1) the relative aversion of
Anopheles to feeding off infants; (2) deficiency of
p-aminobenzoic acid in the exclusive milk diet

TABLE 4

PERCENTAGE MALARIA-POSITIVE CASES AND BLOOD FILMS BY MONTH AND AGE-GROUP
IN THE TRIAL AREA DURING THE 1964 WET SEASON

Age-group July | xugust September October November Total(months)

Percentage positive cases

(<3) 3.2 11.8 30.8 41.3 51.4 25.0 (83) a
(<3)
() 24.2 34.4 18.5 22.7 24.3 25.6 (85) a

(3-5)
III 37.0 30.1 27.7 18.7 16.2 26.8 (89) a

(6-8)

IV 35.5 23.7 23.0 17.3 8.1 22.6 (75) a
(9-11)

Total j 18.7 (62) a, 28.0 (93) a [ 19.6 (65) a 22.6 (75) a 10.5 (37) a

Percentage positive blood films

(<3) 8.0 (25) b 35.5 (31) b 32.3 (62) b 47.0 (66) b 30.2 (63) b 33.6 (247) b
(<3)

II 21.4 (70) b 49.2 (65) b 36.3 (34) b 48.6 (35) b 42.9 (21) b 37.8 (225) b
(3-5)

III 36.5 (63) b 44.4 (63) b 45.0 (40) b 51.9 (27) b 37.5 (16) b 42.6 (209) b
(6-8)

IV 44.0 (50) b 48.9 (45) b 45.5 (33) b 59.0 (22) b 30.0 (10) b 46.9 (160) b
(9-11)

Total [ 29.8 (208) b 45.6 (204) b 38.5 (169) b 50.0 (150) b| 33.6 (11o) b 39.5 (841) b

a Figures in parentheses in the upper half of the table indicate the number of infants followed up over the wet season or.
monthly.

b Figures in parentheses in the lower half of the table indicate the number of blood films examined.
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during early infancy; (3) inability of the foetal
and other haemoglobins to support plasmodial devel-
opment; and (4) passive immunity inherited from
the mother.

In Kankiya District infants are fed on breast-
milk and boiled water until the age of 7 months,
thereafter some guinea-corn porridge may also be
given, until at about 1 year various preparations of
maize or guinea-corn form the main diet. Cow or

goat milk is given only to an infant whose mother
is not lactating. We have no entomological evidence
to support the suggestion that mosquitos are averse

to feeding off infants.
During the course of the wet season of 1964,

some 426 infants were investigated in the trial area;

of these, 77.9% developed positive blood films.
The results were analysed as to the age at which
the infant was first found to have a positive blood
film, the month in which it was found and the
percentage of positive cases examined each month
for each age-group (Table 4). Further analysis was

made of parasite densities on a seasonal basis and
on age basis (Table 5).
On considering the right-hand column of figures

in Table 4, the percentages positive in relation to
the age-group are seen to be approximately equal
for each group. However, it should be noted that
the 25.6% for the 3-5-months-old group does not
include any infant who became positive before the
age of 3 months. Since 25% of infants under
3 months old were found to be positive, an approxi-
mation for the 3-5-months group would be
25.0%+25.6% of 75 =44.2 %. The percentage posi-
tive for other age-groups (6-8 months and 9-11
months) could be calculated similarly. Thus, as was

to be expected, the younger infants had lower
parasite incidences. The youngest age-group had
a low percentage positive in July-the reasons for
this were probably twofold: transmission was just
starting and therefore was not heavy, and fewer
blood films were examined for this age-group than
for the older ones. A similar finding was noted in
August 1965 (Table 6) in the comparison area.

When the parasite densities were analysed, the fol-
lowing density indices were found: age-group I

(under 3 months), 6.2; group 11 (3-5 months), 6.1;
group III (6-8 months), 6.4; group IV (9-1I months),
6.4 (using Bruce-Chwatt's (1958) classification). Fur-
ther breakdown into average density indices per
month gave July, 6.3; September, 7.2, October, 5.9;
and November, 6.0. Low densities in age-group I
had been expected because of the presence of con-

TABLE 5
AVERAGE AGE AND AVERAGE PARASITE DENSITY

INDICES OF POSITIVE CASES EACH MONTH IN
AGE-GROUPS UNDER 1 YEAR OLD IN THE TRIAL AREA

DURING THE 1964 WET SEASON a

Average age Aeaeprst
Month of positive cases Avderagenpsatyraeach month idensioty(months) ine/ot

July 7.1 6.3

August 6.1 6.3

September 5.5 7.2

October 4.4 5.9

November 3.5 6.0

Age-group (months) Parasite density index

6.2
(<3)

II 6.1
(3-5)

Mean 6.3
III 6.4

(6-8)

IV 6.4
(9-11)

a It is of interest to compare these parasite density figures
with those obtained from the 4-9-year-old series in Table 3. The
effect of acquired immunity is clearly shown.

b Month when first found.

genitally acquired immunity. No significant differ-
ences were noted when the parasite densities of this
age-group were calculated for each month. The
average ages of the infants having parasite densities
of 1-10 were also calculated but the only noteworthy
result was that the average age for the 11 infants
with a density of 1 was 4.1 months; this was lower
than the age of those with densities 2-10, which
ranged between 5.1 and 5.9 months.
The average age at which an infant was found

to have a positive film during this season was
5.5 months (or 22 weeks). No obvious clinical
signs were noted in those infants who were later found
to have positive blood films. The average age in
months of positive infants per month was 7.1, 5.5, 6.1,
4.4, and 3.5 from July to November respectively. This
shows that the children who were not infected during
the dry season were rapidly infected soon after
vector densities rose at the start of the rains, and it
was also noted that the number of younger infants
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becoming infected increased month by month dur-.
ing the course of the major transmission season,

as is shown in Tables 4 and 6. It appears from our

results that congenitally acquired immunity may
exert a slight influence on the parasite rate at the
very beginning of the major transmission season but
that later it is overwhelmed to such a degree that
even parasite densities are unaffected.

It might be suggested that the presence of dichlor-
vos dispensers during the wet season of 1963 had
reduced maternally acquired immunity. This is con-
sidered unlikely, because if results from the trial
area for the 1964 wet season (Table 4) are compared
with those from the 1965 wet season in the com-

parison area (Table 6) there are many similarities.
(There were too few cases followed up in the com-

parison area during the wet weather of 1964 for
the results to be statistically significant.) In fact,
it would appear that transmission was more intense
in 1964 than 1965; this may be seen particularly
by comparing the age-group I results.

In evaluating the efficacy of an insecticide

Longitudinal studies on infants are of particular
value when a new insecticide is being evaluated for
its possible eventual use in a malaria eradication
campaign. It has been stated that " the infant
parasite rate is much more sensitive to changes in
the amount of transmission than is the rate amongst

other children " (Russell et al., 1963), and the second
criterion of the WHO Expert Committee on Malaria
(1964) for the interruption of transmission reads:
" the parasite rate among infants under 12 months
old, born after the start of the programme, should be
zero, or of such low value and based on such
numbers of examinations to give statistical con-
fidence... that it does not exceed 10% of the
parasite rate taken among the general population".

It is suggested that studies such as those discussed
in this paper are more sensitive to changes in trans-
mission than a series of infant parasite rates. This
is the case when infants born after the first applica-
tion of the insecticide under test are followed up.
In assessing the significance of a positive case, care
must be taken to ensure that any movement of the
infant outside the trial area is recorded. To obtain
the same degree of sensitivity, infant parasite rates
would have to be calculated each month, and, since
positive cases could not be ignored as far as treat-
ment is concerned, a monthly parasite rate would
cease to be accurate.

In a earlier report, it was shown that dichlorvos
did not reduce the infant parasite incidence although
it did reduce- hut vector densities (Foll et al., 1965).
Fig. 3 illustrates a longitudinal study on infants in
a village in the trial area together with the entomolo-
gical findings from the same village over the same

period of time.

TABLE 6
PERCENTAGE MALARIA-POSITIVE CASES a BY MONTH AND AGE-GROUP IN

COMPARISON AREA DURING 1965 WET SEASON AND AVERAGE AGE OF POSITIVE CASES
EACH MONTH

Age-group August September October November Total
(months) August_____ September____ October_____ November___ Total____

I 7.7 (13) 13.8 (29) 26.9 (26) 21.4 (14) 18.3 (82)
(<3)

(- 25.9 (27) 40.0 (15) 23.1 (13) 23.5 (17) 27.8 (72)
(3-5)

III 33.3 (18) 28.6 (13) 30.0 (10) 20.0 (10) 27.5 (51)
(6-8)

IV 40.0 (10) 50.0 (8) 44.4 (9) 42.9 (7) 44.1 (34)
(9-11)

Total 26.5 (68) 26.2 (65) 29.3 (58) 25.0 (48) 26.8 (239)

Average age
(months) of
positive cases 6.7 5.7 4.8 5.3 5.7

a Figures in parentheses indicate the number of blood films examined.
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FIG. 3

ENTOMOLOGICAL AND PARASITOLOGICAL FINDINGS IN KARASKI VILLAGE (DICHLORVOS-TREATED) a
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TABLE 7
POSITIVE MALARIA CASES PER MONTH IN AGE-GROUPS UNDER 1 YEAR OLD

IN TRIAL AREA a DURING 1965 WET SEASON b

Ag-goutsp| August September October jNovemberI Toa

1<) 4 2 0 0 16(15.4%)

(31'5, ~~3 2 5 3 13 (33.3%)

III8 7 1 2 1 11 (28.2 %)

(9-11) 4 1 2 2 9 (23.1 %)

a Central indicator zone of treated area.
b Average age of positive cases = 23.6 weeks. Positive cases among children who were

found to have left the trial area have been excluded from this table.
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With a view to determining the possible effect of
fenitrothion on the infant parasite rates, an analysis
has been made of the 225 infants examined during
the wet season of 1965 in the central indicator zone
of the trial area. This contained about 7500 people
out of a total population of 25 000 under insecticide
cover. From Table 2 it may be noted that 24.9%Y
of these infants developed pogitive slides as compared
with 66.0% of 97 infants followed-up in the com-
parison area-thus strongly suggesting that fenitro-
thion had brought about a reduction in the intensity
of transmission. Entomological investigations re-
vealed markedly reduced hut vector densities over
the same period. The average age at which infants
became positive during this season was 5.9 months,
or 23.6 weeks. (The comparison area figure for the
same season was 21.2 weeks.) Age-group I infants
were found positive in August and September, but
not in October and November, suggesting that peak
transmission occuffed during the earlier 2 months
and that fenitrothion reduced the intensity of trans-
mission during the latter 2 months to such a level
that any congenital immunity as was present was
able to afford some degree of protection (Table 7).
There were too few positive cases for an analysis
of positives/month/age-group or parasite densities to
be meaningful.

It is believed that our findings confirm the view
that infant parasite incidences constitute a very
sensitive indication of insecticide efficiency, at least
in the early stages of an attack; later, however'. the
numbers of positive infants would probably be too
small to give statistically valid results. In this con-

nexion Pringle (1964) suggests that when insecticide
spraying has reduced general parasite rates the infant
infection rates are relatively uninformative and that
greater attention should be paid to the pattern of
infections in older children. This we were able to
confirm in the fenitrothion trial when following-up
the previously mentioned 4-9-year-old groups of
children. On 9 November 1965, the parasite rate
of these children in Karaski (fenitrothion-treated)
was 75.0%Y and on I December 1965, in Kafin-Dangi
(comparison area) was 79.0%. In mid-May 1966,
the figures were 67.2% and 82.8% for Karaski and
Kafin-Dangi respectively. This was the first occa-
sion on which a parasite rate of less than 70% had
been obtained for this age-group in Karaski and
probably indicates that fenitrothion had altered the
pattern of transmission. Since this fall in parasite
rate occurred during the minor transmission season,
the concurrent longitudinal studies on infants were
not sigtiificant.

CONCLUSION

Longitudinal monthly follow-up examinations of
infant blood films for malaria parasites are a most
useful method for studying the epidemiological
pattern in a given locality. The positive cases found,
after having excluded the previously known positive
cases, constitute a statement of incidence of new
cases during the time stated.
By means of such examinations it is possible to

assess the effect of co'ngenital immunity and to show
when and how quickly, in a holoendemic area,
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the weight of transmission overwhelms it. The effect
of a residual insecticide in reducing the intensity of
transmission, and thereby the period before immu-
nity is overwhelmed, has been demonstrated. Finally,

longitudinal studies on infants provide a sensitive
method of assessing the early effect of insecticidal
attack, particularly when a new insecticide is under
trial.
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RtSUMIE

Depuis 1963, au cours d'un programme de recherches
sur de nouveaux insecticides dans le district de Kankiya,
Nigeria, environ 11 000 etalements de sang d'enfants
de moins d'un an ont 6te examines en vue de rechercher
la pr6sence d'h6matozoaires. On analyse ici les resultats
obtenus et l'on montre que l'etude des variations de
l'incidence parasitaire chez les nourrissons permet
d'apprecier la situation epidemiologique, le role de
l'immunit6 congenitale et 1'efficacit6 d'un insecticide.

Cette enquete a porte sur une soixantaine de villages.
Dans chacun d'eux, tous les nouveau-nes ont ete
enregistres, et un etalement de sang a e effectu6 chez
chacun de ces enfants des le premier mois, puis ensuite
chaque mois. Dans le meme temps, on a etabli les den-
sit6s mensuelles des populations des deux vecteurs,
Anopheles gambiae et A. funestus.
La recherche mensuelle des plasmodiums dans le sang

des nourrissons est un excellent moyen d'evaluer la
position epidemiologique d'une localit6 donnee, de deter-
miner le risque d'infection et d'etudier les variations

saisonnieres de la transmission du paludisme. Le nombre
des nouveaux cas decouverts pendant la periode consi-
deree, si l'on en exclut les cas d'infection deja connus,
donne la mesure de l'incidence. Grace a ces examens
reguliers, on peut d'autre part etablir I'age auquel se
produit la premiere infection et le pourcentage de cas
positifs par mois et par groupe d'age. On constate que
l'immunite congenitale n'a une legere influence sur
l'indice plasmodique qu'au debut de la saison de trans-
mission maximale; ulterieurement, la transmission est
tellement active que les defenses immunitaires sont d6bor-
dees et que les taux parasitaires eux-memes ne sont pas
modifies. Enfin, les enquetes longitudinales sur les nour-
rissons presentent un interet particulier lorsqu'il s'agit
d'evaluer l1activite d'un insecticide, surtout d'un nouveau
produit. Les applications de compos6s 'a effet remanent,
en reduisant l'intensit6 de la transmission, permettent a
l'immunite congenitale d'exercer temporairement son
pouvoir protecteur, ce qui se manifeste chez le nourrisson
par une diminution de l'incidence parasitaire.
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