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Observations on the Early Course of Untreated
Falciparum Malaria in Semi-immune African Children

following a Short Period of Protection
G. PRINGLE 1 & S. AVERY-JONES 2

The early course ofnew malarial infections was observed, in a highly malarious area of
East Africa, in a group ofschoolchildren who had been protectedfrom infection for between
one and two months by the administration ofantimalarial drugs. Many ofthe new infections
caused clinical symptoms of malaria and a parasitaemia that was significantly greater than
had prevailed generally before treatment. It was concluded that even the short period ofa
few weeks of drug prctection against malarial infection had lowered the immunity of the
children to an appreciable degree. This observation tends to support other evidence of the
lability of the anti-parasite defence mechanism.

In the course of a WHO-assisted investigation that
was intended to relate the sporozoite-inoculation
risk to the malaria infection rate, 2000 school-
children of Ubembe, in north-east Tanzania, were
cleared of their malarial infections by the use of
drugs. The course of treatment began with a single
dose of chloroquine, followed by three weeks of
treatment with primaquine, designed to maintain
the children parasite-free until the suppressive
influence of the chloroquine had abated. From this
point onwards, it was hoped that malarial infections
acquired by the children would develop normally,
and that weekly observations of the course of these
infections might add to our knowledge of the biology
of the malaria parasite in children in a hyperendemic
area.

PROCEDURES

The children were re-examined initially one week
after the conclusion of the drug schedule and weekly
thereafter until the primary objective of the investi-
gation had been attained. A few children were
parasite-positive on the initial examination, and
most of them remained so during the remainder of
the trial; others became positive during the second,
third or fourth weeks, and the periods of follow-up
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in their cases were correspondingly short. During
the follow-up examinations, the only species of
malaria parasite identified with certainty was
Plasmodium fakiparum; as would be expected,
gametocytes were not observed during the first two
weeks of parasite patency.
As children in Ubembe are exposed continuously

to malaria risk, each infection experienced by them
is presumably modified by their acquired immunity.
At the beginning of the trial, it was estimated that
every second person in the valley became inoculated
with sporozoites each week. At that time, the
trophozoite rate in the schoolchildren was 84%,
suggesting that the parasitaemia derived from each
infection was persisting for little more than two
weeks in the peripheral blood. This rate of natural
cure, although fairly rapid, is slower than has been
noted among adult employees of the Institute,
many of whom have their homes in the Ubembe
valley. Fresh malaria infections in such men, who
may have lost part of their immunity following a
period of residence in the non-malarious environs
of Amani, are clinically mild and, if untreated,
rarely remain patent for more than four or five
days. Thus, it was anticipated that the parasite
density in children infected after the course of anti-
malarial drugs would attain an equilibrium within
two to three weeks, and that the pattern of para-
sitaemias would, by that interval, conform broadly
with that observed in the same children before
treatment.
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TABLE I
PARASITE DENSITY IN UBEMBE SCHOOLCHILDREN DURING THE EARLY WEEKS OF MALARIAL INFECTION,

AS COMPARED WITH THE SITUATION IMMEDIATELY PRIOR TO THE ADMINISTRATION
OF ANTIMALARIAL DRUGS

\ tkTotal Parasite-density classes a
Parasite-

po sitive -d ensity
films 1 2 3 4 5 6 7 8 9 10 index

patency 176 52 24 22 25 20 20 7 3 3 0 3.33

First 84 51 7 4 5 7 3 4 2 0 1 2.43

Second 82 18 6 10 12 9 6 9 4 1 7 4.43

Third 52 12 4 5 4 4 4 10 2 0 7 4.85

Fourth 28 6 1 1 0 4 3 4 3 2 4 5.67

a According to the system of Bruce-Chwaft (1958).

In Table 1 the findings have been arranged to
illustrate the parasite density among newly-infected
children each week after the first appearance of
parasites in their blood. The parasitaemias have
been grouped into the density classes suggested by
Bruce-Chwatt (1958) and have been compared with

TABLE 2
SUGGESTED MODIFICATION OF THE PARASITE-

DENSITY INDEX THAT WOULD PROVIDE SEPARATE
INDICES OF THE DENSITIES OF TROPHOZOITES

AND OF GAMETOCYTES

Proposed
Density Parasite- Density game-Density density of gametocytes tocyte-of trophozoites class a per mm3 density

class

Less than 101 1 Less than 11 1

101-200 2 11-20 2

201-400 3 21-40 3

401-800 4 41-80 4

801-1600 5 81-160 5

1 601-3 200 6 161-320 6

3 201-6 400 7 321-640 7

6 401-12 800 8 641-1 280 8

12 801-25 600 9 1 281-2 560 9

25 601 and over 10 2 561 and over 10

a According to the system of Bruce-Chwatt (1958).

the pattern of parasite densities observed in the
same children immediately prior to treatment with
antimalarial drugs.
The number of gametocytes in the peripheral blood

is a useful retrospective indicator of the intensity
of an earlier infection. The description of the over-
all density of gametocytes in a group of carriers in
terms of the " gametocyte density index " does not
seem to be common practice. It is suggested that the
currently accepted method for calculating the
" trophozoite (or parasite) density index " can be
readily adapted to suit the range of gametocyte
densities encountered in field surveys. This sugges-
tion is embodied in Table 2.

In Table 3, using the density classes defined in
Table 2, the gametocyte incidence and the " gameto-
cyte density index" at each week of patency are
compared with the pre-treatment incidence and
density.
At each examination the children were asked if

they had suffered from fever during the previous
week. Among those questioned during the first
week of patent parasitaemia, 14% admitted to
having had fever; this ratio increased to 24% in the
second week and remained at about this level until
the fourth week.

RESULTS AND DISCUSSION

From Table 1 it can be seen that the post-treatment
infections gave rise to parasitaemias of significantly
greater density than those that prevailed before
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TABLE 3
P. FALCIPARUM GAMETOCYTE INCIDENCE AND

DENSITIES AMONG POSITIVE FILMS DURING THE
EARLY WEEKS OF INFECTION, COMPARED WITH
THE SITUATION IMMEDIATELY PRIOR TO THE
ADMINISTRATION OF ANTIMALARIAL DRUGS

Total P. fakiparum Inexof
films incidence daensitytpAsositive gamledtocyte gamdeocste

Week of
patency 180 31 % 2.08

First 84 0

Second 82 0

Third 52 12% 1.33

Fourth 28 32 % 2.44

drugs were given. Thus, the mean density of parasites
rose to double the pre-treatment level by the second
week of infection and to four times this level by the
fourth week. The progressive rise in the parasite
density over the entire four weeks of observations
further suggests that, not only did each parasitaemia
tend to persist for the whole period, but it was doing
so at nearly its maximum density. Even if super-
infections were contributing to this rise, the parasite
supplements so derived must still have been to
some degree persistent.
Blood examinations were discontinued before the

final peaks in the gametocyte rate and density could
be gauged. Nevertheless, the sharply rising crescent

incidence and density, suggested in Table 3, support
other indications that the new infections were
relatively severe ones. This supposition is further
corroborated by the observation that one quarter
of the children complained repeatedly of fever
between the second and fourth weeks of infection
whereas, under normal circumstances, this complaint
is uncommon at Ubembe.

Possible reasons for the increased severity of the
new infections may now be considered. From
entomological studies that were done concurrently
with these observations, it is known that the malaria
risk during the final weeks of the trial was less than
it had been at the outset, and probably very much
less than the risk to which the conmmunity had been
exposed a few months previously. It would seem,
therefore, that the increased severity of the infections
could only have been due to a lessening of immunity.
An appreciable loss of immunity during such a
short period of protection indicates that the immuno-
logical equilibrium in these children is delicately
poised.

In recent years, it has become possible to demon-
strate the existence of malarial antibodies in human
serum by the technique of immunofluorescence, a
method that is broadly quantitative. Kuvin &
Voller (1963) showed that West Africans living in
Britain rapidly lose most of the antibodies revealed
by this technique, although their serum globulins
may remain at a relatively high level. Although, at
Ubembe, we were observing only one aspect of a
highly complex process, it did seem that malarial
antibody levels in the children had been depressed
to an appreciable degree by a surprisingly brief
period of antigenic under-stimulation.
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R1ESUMIt

Au cours d'une etude realisee avec l'aide de l'OMS,
200 6coliers d'Ubembe, dans le nord-est de la Tanzanie,
ont et6 proteges contre l'infection a Plasmodium falki-
parum, pour une dur&e de un a deux mois, par l'adminis-
tration d'une dose unique de chloroquine suivie d'un
traitement de trois semaines par la primaquine. Les
auteurs esperaient qu'a la suite de ce traitement les infec-

tions paludeennes acquises par les enfants 6volueraient
normalement et pourraient etre suivies par une observa-
tion hebdomadaire. Les enfants d'Ubembe etant conti-
nuellement exposes a l'infection - les auteurs estiment
qu'une personne sur deux est infect&e chaque semaine
dans cette vaHe'.- chaque infection nouvelle est, chez
eux, probablement modifi6e par l'immunit6 acquise et la
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parasitemie suivant chaque infection dure a peine plus
de deux semaines. Les infections recentes, chez les hommes
de la vallee d'Ubembe qui ont perdu leur immunit6 apres
un sejour dans une region non impaludee, sont clinique-
ment benignes et, spontan6ment, ne presentent de mani-
festations que pendant quatre ou cinq jours au plus.

Les infections qui ont ete observees apres le traitement
ont provoqu6 une parasitemie dont la densite 6tait signi-
ficativement plus importante que celle des infections ante-
rieures au traitement. L'incidence et la densit6 des gam&
tocytes, en augmentant rapidement, semblent indiquer
que les nouvelles infections ont ete relativement graves.
Environ 25 % des enfants se sont plaints de fa$on repet&e

de fievre entre la deuxieme et la quatrieme semaine, alors
que ce symptome etait rare auparavant. Les etudes ento-
mologiques concomitantes ont montre que le risque d'in-
fection au moment de l'observation etait inferieur a celui
des conditions habituelles. La gravite des infections ne
pouvait donc etre attribuee qu'a I'affaiblissement de l'im-
munit6 au cours de cette tres breve periode de protection.

Les auteurs rapprochent leurs observations des resultats
d'une etude par immuno-fluorescence des anticorps anti-
paludiques chez des Africans de l'Ouest vivant en Grande-
Bretagne. Cette technique montrait une perte rapide des
anticorps specifiques, bien que les globulines seriques se
soient maintenues 'a un taux relativement e1eve.
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