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A modified version of a simplified in vivo test was applied to assess the susceptibility of Plasmodium
falciparum to chloroquine among semi-immune febrile children in Kouroussa, Guinea. In 27% of cases,
a partial response (RI/RII) to chloroquine was observed; the remainder showed a good response
(S/RI). This test is both practical and useful to assess the efficacy of chloroquine at the intermediate
level of health care services.

Introduction
Malaria, which is stable in Guinea, is a major public
health problem affecting mainly young children and
pregnant women. About 90% of these infections in
West Africa are due to Plasmodium falciparum, the
rest to P. ovale and P. malariae. Chloroquine is
generally considered to be effective against P. falci-
parum and is widely used by indigenous patients in
Africa south of the Sahara, but resistance has been
reported from some areas in West Africa, particular-
ly among non-immune European and American
travellers (1). This paper describes a study that
investigated the problem of chloroquine resistance
among febrile indigenous children in Guinea.

There are various methods to evaluate the thera-
peutic efficacy of chloroquine against P. falciparum;
the in vitro methods are technically difficult to carry
out in endemic regions and need well-trained person-
nel. The in vi4io methods are more suitable for eval-
uating drug efficacy at the intermediate level of
health services, but they require frequent follow-
ups during and after treatment, which is impractical
under the usual health care conditions. To overcome
this difficulty, Rieckmann proposed a simplified in
vil'o test which requires only two follow-up determi-
nations of parasite density (2). Using a modified ver-
sion with three follow-up examinations of blood
smears from febrile, semi-immune children, we
report here the in vivo susceptibility of P. falciparum
to chloroquine in northern Guinea.
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Materials and methods

The study was carried out in Kouroussa (population:
7700), which lies 550 km northeast of the capital
Conakry, from March to August 1991. There are no
previous epidemiological data on malaria in the
locality. Children below 14 years old were recruited
from among those patients who came of their own
accord to the Kouroussa Provincial Hospital if they
presented with fever (axillary temperature, >37.5 °C),
had a positive blood smear (asexual parasite density,
>800/mm3) and if no antimalarial drug had been
taken in the previous seven days. Children presenting
with signs of severe malaria, according to the
WHO criteria (3), or with persistent vomiting were
excluded and treated with parenteral quinine.

In this study the recruited children were hospita-
lized for 48 hours. Chloroquine phosphate (Lafran ®)
was given in a standard therapeutic dose totalling
25 mg/kg body weight over 3 days under medical
supervision to exclude cases of persistent vomiting.
On day 0, our patients received 10 mg/kg body
weight of chloroquine after microscopic examination
of a blood smear; on day 1, the same dose of chloro-
quine was given; on day 2, half this dose (5mg/kg
body weight) was administered. Giemsa-stained per-
ipheral blood smears were examined on days 0 (be-
fore treatment), 1, 2 and 7. Asexual parasites were
counted against 500 leukocytes in thick blood smears
or against 20 000 erythrocytes in thin blood smears,
and the asexual parasite density per mm3 of blood
was determined, assuming a leukocyte count of
8000/mm3 or 4 x 106 erythrocytes per mm3 of blood.

In accordance with the WHO classification of
the degree of drug resistance (4), the response of
malaria infections to chloroquine treatment was
considered to be:

good (S or delayed recrudescence RI), if the
blood smear was negative on day 7;
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- partial (early recrudescence RI or RII), if the
parasite density was less than 25% of the pre-
treatment density during the first 48 hours of
treatment but the blood smear was positive on
day 7;

- poor (RIII), if the parasite density was reduced
by less than 75% or had risen during the first 48
hours of treatment and the blood smear was
positive on day 7.

Results
Of 64 smear-positive febrile children, 44 (69%) com-
pleted the in vivo test with a follow-up smear on
day 7. From these 44 patients, 32 (73%) showed a
good response (S/RI) to chloroquine; 7 of them were
negative for malaria parasite by day 2 (Table 1); 12
(27%) responded with RI/Rll chloroquine resistance;
RIII resistance was not detected at all. The initial
parasite density ranged from 800 to 1 228 000/mm3
(geometric mean, 57 940/mm3). Two children pre-
sented with a mixed P. falciparum and P. ovale
infection, the rest with P. falciparum alone. On day 7
one of the 32 S/RI children was febrile (probably not
due to malaria). Four of the 12 RI/RhI patients pre-
sented with fever on day 7 (two of them on days 0, 1
and 2 as well).

Discussion
Previous studies in the capital Conakry (5, 6) showed
that chloroquine had been used frequently for the
treatment of febrile children, both at home and in
health units, but the dosage regimens were generally
prolonged and surpassed 40 mg/kg body weight;
excessive use of injectable quinine in the health faci-
lities was also reported. Although these regimens
may have had immediate clinical benefits in redu-
cing parasite density, resolving fever, and possibly
preventing severe malaria in many children, a more
cautious use of antimalarial drugs seems to be neces-
sary. Our study showed that 73% of febrile, semi-
immune children responded favourably to chloro-
quine with total clearance of parasites, even those
with hyperparasitaemia, and 91% were clinically
cured by day 7. These findings suggest that continued
use of chloroquine, at the recommended dose of
25 mg/kg body weight over 3 days, is beneficial as a
first-line antimalarial drug for semi-immune patients
in Guinea.

Chloroquine failed to produce a satisfactory
parasitological response in 27% of the patients; 4 of
12 children presented with clinical recrudescence on
day 7. Our results thus confirm the presence of chlo-
roquine-resistant isolates of P. falciparum among

indigenous children in northem Guinea. In our study
area, the only other available antimalarial drugs were
amodiaquine tablets and parenteral formulations of
quinine. Since amodiaquine is no longer recommen-
ded for use as a second-line drug (7) and parenteral
quinine is reserved for severe malaria, a wider choice
of orally administered antimalarial drugs, such as
quinine tablets and sulfadoxine/pyrimethamine, may
be necessary at the intermediate level of health care
to treat cases that failed with chloroquine. Before
considering the introduction of a second-line oral
drug, further studies are needed to verify whether
clinical recrudescences occur within 14 days of chlo-
roquine treatment in patients without a previous or
concomitant antimalarial drug intake. The use of a
second-line drug that decreases morbidity by elimi-
nating malarial infection completely has also to be
weighed against the possible benefit of a sustained,
low-grade parasitaemia which is necessary for the
development of acquired immunity against malaria
in a zone of intense malaria transmission.

This study shows the feasibility of the simplified
in vivo test at the intermediate level of health ser-
vices to detect patients who may require second-line
drugs against chloroquine-resistant P. falciparum.
Rural hospitals with a microscopist can thus study
the drug susceptibility of malaria parasites and
confirm any treatment failures more easily than by
the use of other methods for detecting chloroquine
resistance. The simplified in vivo test requires only
three follow-up blood smears and can rapidly deter-
mine the degree of drug resistance. These features of
the test are important for the evaluation of the effi-
cacy of chloroquine in Africa. The test also helps the
health carer to decide whether a patient needs an
altemative treatment. A wider application of this test
in selected rural hospitals with a trained microscopist
should be both useful and practical in evaluating the
efficacy of chloroquine at the intermediate level.
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Resume
Test simplifie in vivo pour I'6tude de
1'efficacitE de la chloroquine chez des
enfants guin6ens f6briles impalud6s pour
Plasmodium falciparum
Un systeme de test simplifi6 in vivo a ete appli-
qu6 pour 6tudier la sensibilite de Plasmodium fal-
ciparum a la chloroquine chez des enfants semi-
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Table 1: Chloroquine susceptibility of P. falciparum in Kouroussa, Guinea, as determined by a simplified in vivo test

Parasite density/mm3

Patient number Age (months) and sex Day 0 Day 1 Day 2 Day 7 Resistance level

1 48 F 2400 210 0 0 S/RI
2 5 M 55 600 6260 6930 0 S/RI
3 36 M 224 800 22 660 480 0 S/RI
4 156 F 8800 50 0 0 S/RI
5 55 M 9200 220 0 0 S/RI
6 12 F 17 200 1250 0 0 S/RI
7 24 F 177 200 19 810 630 0 S/RI
8 50 M 205 600 160 570 110 0 S/RI
9 36 F 296 400 27 310 1300 0 S/RI

10 a 28 F 98 800 5840 80 0 S/RI
11 14 M 248 000 20 560 4900 0 S/RI
12 31 F 233 600 38 380 150 0 S/RI
13 85 M 92 400 12 720 140 0 S/RI
14 85 F 111 200 29 900 580 0 S/RI
15 9 M 6000 4650 480 0 S/RI
16 2 M 130 400 856 0 0 S/RI
17 18 F 66 400 7900 370 0 S/RI
18 5 M 18 800 2010 110 0 S/RI
19 36 M 34 800 220 0 0 S/RI
20 24 F 1200 30 20 0 S/RI
21 24 M 65 600 8000 710 0 S/RI
22 156 M 30 400 11 650 1180 0 S/RI
23 15 M 44 800 6190 1180 0 S/RI
24 6 F 261 600 6320 60 0 S/RI
25 25 M 65 600 3740 300 0 S/RI
26 17 M 5600 1240 100 0 S/RI
27 28 M 748 000 110 400 700 0 S/RI
28 60 F 433 600 119 300 3280 0 S/RI
29 43 M 127 200 4530 110 0 S/RI
30 9 M 1 228 000 34 780 100 0 S/RI
31 96 F 28 800 6600 0 0 S/RI
32 28 F 11 600 460 14 640 0 S/RI
33 12 M 94 800 2210 2080 8860 RI/Rll
34 35 M 193 600 20 880 750 29 020 RI/RII
35 15 M 800 90 110 2190 RI/RII
36 30 M 184 000 107 810 5220 32 660 RI/RIl
37 30 M 960 000 130 860 14 320 60 RI/Rll
38 a 49 M 88 800 25 750 3180 31 950 RI/RII
39 56 M 4000 2580 580 320 RI/RII
40 36 F 131 200 29 880 2650 4890 RI/RII
41 19 F 46 000 23 530 3810 13 540 RI/Rll
42 25 F 192 800 70 480 2190 100 RI/Rll
43 9 F 106 400 50 170 12 410 5780 RI/RII
44 6 F 20 800 10 200 16 872 21 240 RI/RII

a Mixed P. falciparum and P. ovale infections.

immuns f6briles a Kouroussa, Guinee. Dans 27%
des cas, une r6ponse partielle (RI/Rll) t la chlo-
roquine a ete observee. Le reste des enfants a
montr6 une bonne r6ponse (S/RI) a la chloroqui-
ne. Le test simplifi6 in vivo est pratique et utile
pour evaluer l'efficacite th6rapeutique de la chlo-
roquine au niveau interm6diaire des services de
sant6.
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