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Plasmodium falciparum sensitivity to chloroquine in
the Buyo Region, Ivory Coast*
C. J. J. DOUCHET,1 R. G'BARY, J. HOUON,3 & D. PAYNE

Aspart ofa project, supported by the UNDP/ World Bank! WHO Special Programme
for Research and Training in Tropical Diseases, for achieving a reduction of mortality due
to Plasmodium falciparum by means of a primary health care programme, in vivo and in
vitro sensitivity testing of P. falciparum to chloroquine was carried out in the Buyo Region
of the Ivory Coast. Blood samples from a total of 595 children aged 2-13 years from 5
villages were screened microscopically and 32 of these children were selected for in vivo
testing and 36 for in vitro testing. All 32 in vivo test patients were treated with 25 mg
chloroquine baseper kg, given in divided doses over 3 days, and all ofthem completed the 7-
day observation period. Daily blood slides were taken and these were negativefor asexual
parasites on days 3 to 7. The mean parasite clearance time was 1.8 days. The 36 in vitro tests
produced satisfactory results in 19 isolates. Complete inhibition was achieved in all 19 at
5. 7pmol chloroquine base per well (1.14 Amol/l of blood); 7 of these isolates showed
complete inhibition at 1 pmol, 15 at 2 pmol and 17 at 4 pmol.

These results showed that in the population studied there was no evidence of
chloroquine resistance in either the in vivo or in vitro tests and they give confirmation of a
continued response in West Africa to the standard curative regimen of chloroquine.

There are many anecdotal reports of chloroquine-
resistant Plasmodium falciparum in West Africa but
few studies have been carried out using the WHO
standard in vivo and in vitro test systems for the
assessment of the response of P.falciparum to
chloroquine. During February/March 1983, there-
fore, the chloroquine sensitivity of local isolates of
P.falciparum was assessed in the Buyo Region of the
Ivory Coast using both test systems: the in vivo WHO
standard 7-day test and the in vitro WHO standard
micro-test (24 hours).'

BACKGROUND

In the Buyo Region of the Ivory Coast the creation
of a man-made lake to provide water for hydroelectric
generation and irrigation necessitated the relocation
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of several villages and the clearance of a neighbouring
forest for farming. The new villages, and the pre-
existing ones not affected by the inundation, were
included in a study area of approximately 4000 km2
which encompassed all but the extreme northern part
of the new lake. Malariometric surveys before the
formation of the lake showed that stable hyper-
endemic malaria was present in the area.b The
Ministry of Public Health, Ivory Coast, has planned
to implement in this area (with the support of the
UNDP/ World Bank/WHO Special Programme for
Research and Training in Tropical Diseases) a
programme of field research with the aim of
developing strategies to reduce or prevent deaths due
to malaria, as well as reduce the duration of malaria
morbidity, in a target group of 0-5-year-old children
and pregnant women. This programme will focus on
the prompt treatment of febrile and suspected malaria
cases. Accordingly, the present investigation con-
cerning the sensitivity of P.falciparum to chloroquine
was undertaken as part of the pre-operational
baseline studies.

MATERIALS AND METHODS

Selection ofpatients

Blood samples from a total of 595 children aged
b ESCUDIE, A. & HAMON, J. Le paludisme en Afrique

occidentale d'expression francaise. Medecine iropicale, 21 (numero
special): 661-687 (1961).
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2-13 years from five villages were screened
microscopically for malaria parasites. Thick and thin
blood films were prepared from fingerprick blood.
Patients with only P.falciparum infections and a
parasitaemia of over 1000 (but under 20 000) asexual
parasites per mm3 of blood were selected for further
screening by urine test (Dill-Glazko) and interrogation
to determine any recent history of medication with
antimalarials. The children with parasitaemias that
were either higher than 20 000 asexual parasites per
mm3 or lower than 1000 were treated with curative
dosages of chloroquine and eliminated from the
screening process. A total of 56 children were found
suitable for the trial and, after parental permission
was obtained, each child was weighed and the
appropriate dosage of chloroquine base was calcu-
lated according to the standard curative regimen of
25 mg chloroquine per kg of body weight. The
children were then assigned to either the in vivo or the
in vitro study group or, in some cases, to both.

In vivo testing

The 7-day WHO standard field test was employed.
After the screening process described above, 32 out of
the 56 selected cases had a second blood slide taken on
day 0 and were given the appropriate dosage of
chloroquine base, i.e., 10 mg chloroquine base per kg
body weight. Finally, a drink and a bland snack were
provided and all the children were observed for a
minimum of 30 minutes to ensure that vomiting did
not occur. On the following day (day 1), urine was
tested (Dill-Glazko), a blood slide was taken, and the
second part of the treatment regimen -10 mg
chloroquine base per kg body weight- administered.
Each patient was interrogated about any side-effects
of the treatment. A drink and a snack were again
given. On day 2 the above procedure was repeated
with the exception that the chloroquine dose
administered was halved. Thereafter, follow-up
blood slides were taken each day up to day 7 when the
trial was concluded.
The day 0 and follow-up slides were examined for

100 fields (equivalent to 0.25 mm3 blood) and, when
found positive, asexual parasite counts were made
using a threshold of 500 asexual parasites or 1000
leukocytes as the cut-off point.

In vitro testing

The WHO standard in vitro micro-test was
employed. Fingerprick samples of 100 11 of blood
were taken in heparinized capillary tubes and
transferred to complete RPMI 1640 medium to make
up a total volume of 1 ml. Aliquots of 50 LI of this
suspension were transferred with an Eppendorf
pipette to predosed microtitration 96-well plates to

give final concentrations of 1, 2, 4, 5.7, 8, 16 and 32
pmol chloroquine base per well (equivalent to 0.2-6.4
,zmol chloroquine base per litre of blood). An
additional blank well was used as a control.
Accordingly each plate had a potential for 12
complete tests. After incubation at 37.5 'C for 24-26
hours in a candle jar the supernatant was removed
and thick smears were prepared from the settled
blood cells. These were stained with 1 7o Giemsa and
examined microscopically at a magnification of
x 700. The maturation of the trophozoites into
schizonts over the incubation period was determined
by counting the number of schizonts with three or
more nuclei against a total of 200 asexual parasites.
Only isolates producing at least 20 schizonts (with
three or more nuclei) in the controls were accepted for
inclusion in the trial.

RESULTS

Initial technical problems with the equipment in the
field, together with the limited time available for the
study, made it impossible to observe the protocol and
test all patients in vivo and in vitro simultaneously.
Only 12 isolates, therefore, were tested using both
systems.
Of the 595 children aged 2-13 years who were

screened, 32 were tested in vivo and 36 in vitro.

In vivo testing
All 32 patients completed the required 7-day

observation period and all were negative for asexual
parasites on days 3 to 7: one patient cleared on day 1
and nine on day 2. The mean parasite clearance was
1.8 days. Details are given in Table 1.

In vitro testing

Nineteen isolates produced tests meeting the
minimum requirement of 20 schizonts (with three
nuclei or more) in the controls. Complete inhibition
was achieved in all 19 isolates at 5.7 pmol per well
(1.14 zmol/1) with 7 isolates showing complete
inhibition at 1 pmol, 15 at 2 pmol and 17 at 4 pmol.
Table 2 and Fig. 1 give details of these results.

DISCUSSION

No chloroquine resistance was detected in the
P.falciparum isolates obtained in the five villages
studied in the Buyo Region of the Ivory Coast. In all
of the 32 patients studied in vivo, complete clearance
of parasites was obtained with the standard curative
regimen of 25 mg chloroquine base per kg of body
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Table 1. Chloroquine sensitivity of Plasmodium falciparum isolates from schoolchildren in the Buyo Region, Ivory
Coast, using the WHO standard 7-day in vivo test

Village Parasite densities, expressed as the number of
Vliland asexual parasites/mm3 blood, on day:and
serial Age Sex
number 0 1 2 3 4 5 6 7

Gbili
10 08 M 2000 190 oa 0 0 0 0 0
14 07 F 2100 24 16 0 0 0 Qr 0
22 07 F 1400 24 0 0 0 0 0 0
28 07 F 990 0 32 0 0 0 0 0
29 07 M 2100 180 0 0 0 0 0 0
39 07 M 6800 56 80 0 o 0 0 0
46 05 F 1200 310 88 0 0 0 0 0

Grebouo
1 08 M 4100 1100 16 0 0 0 0 0

11 08 F 6800 - 8 0 0 0 0 0
28 08 F 960 160 0 0 0 0 0 0
40 10 M 1000 330 0 0 0 0 0 0
106 05 M 1100 140 0 0 0 0 0 0
107 05 M 6100 100 0 0 0 0 0 0
116 02 F 8000 1300 0 0 0 0 0 0
122 02 F 17000 3500 8 0 0 0 0 0
130 02 F 5500 910 0 0 0 0 0 0

131 04 F 2700 1000 8 0 0 0 0 0
133 08 F 9000 1700 0 0 0 0 0 0

Dapeoua
03 05 F 6000 1900 48 0 0 0 0 0

33 06 M 900 250 0 0 0 0 0 0
34 04 F 9600 360 120 0 0 0 0 0
36 04 F 9100 290 0 0 0 0 0 0
41 05 F 1200 260 0 0 0 0 0 0
47 06 M 1000 24 48 0 0 0 0 0
57 04 F 1200 120 0 0 0 0 0 0
66 07 F 6000 0 24 0 0 0 0 0
68 06 M 4400 250 0 0 0 0 0 0

118 07 M 20000 0 _a 0 0 0 0 0
124 07 M 11200 168 0 0 0 0 0 0
132 09 M 940 0 0 0 0 0 0 0
139 08 F 1200 150 0 0 0 0 0
142 08 M 1700 16 0 0 0 0 0 0

The dash sign means no slide was taken on that day; the zeros mean a negative result, i.e., no parasites seen in 100 fields (0.25 1sl
blood)
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Table 2. Chloroquine sensitivity of Plasmodium
falciparum isolates from schoolchildren in the Buyo
Region, Ivory Coast, using the WHO standard 7 day in
vitro micro-test

Number of schizonts (with 3 nuclei or more) per
200 asexual parasites

Village pmol/wella
and
serial
number Control 1 2 4 5.7 8 16 32

Dapeoua

36 42 0 0 0 0 0 0 0
47 69 7 0 0 0 0 0 0
68 21 0 0 0 0 0 0 0

132 174 0 0 0 0 0 0 0

139 55 42 36 17 0 0 0 0

142 75 60 3 0 0 0 0 0

Tchetaly

24 123 3 0 0 0 0 0 0

25 50 0 0 0 0 0 0 0
32 22 0 0 0 0 0 0 0

55 25 1 0 0 0 0 0 0
124 25 4 2 1 0 0 0 0

130 171 32 0 0 0 0 0 0

Loboville

01 40 10 0 0 0 0 0 0

07 20 1 0 0 0 0 0 0

33 55 0 0 0 0 0 0 0

48 32 11 1 0 0 0 0 0

133 26 2 0 0 0 0 0 0

137 123 20 0 0 0 0 0 0

155 118 0 0 0 0 0 0 0

a pmol/well = smol/l blood
5

weight. There were no recrudescences during the 7-
day observation period and the rapid mean clearance
time of 1.8 days indicates that P.falciparum was
highly sensitive to chloroquine in this population.
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Fig. 1 In vitro response of P. falciparum to chloroquine in
19 children at Buyo, Ivory Coast, February-March
1983, expressed as a log probit regression line. (X2
probability of heterogeneity= > 0.001; slope b = 2.19;
variation of slope =0.11; EC,o=0.017; EC5o=0.066;
EC95 = 0.373).

The in vitro test results confirmed the findings of
the in vivo test, with complete inhibition of schizont
maturation at 5.7 pmol (or less) per well (1.14
zmol/1). The 12 combined in vivo/in vitro results
followed the general pattern of rapid and complete
clearance/inhibition.

In view of the many unsubstantiated reports of
chloroquine resistance in West Africa, these findings
give cause for reasonable optimism about the
continued efficacy of chloroquine therapy in this part
of Africa and emphasize the need for further studies
elsewhere to provide information for the deter-
mination of realistic drug usage policies.
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RESUME

SENSIBILITt DE PLASMODIUM FALCIPARUM A LA CHLOROQUINE DANS LA REGION DE BUYO, COTE D'IVOIRE

Dans le cadre d'un projet finance par le Programme
special PNUD/Banque mondiale/OMS de Recherche et de
Formation concernant les Maladies tropicales en vue
d'obtenir un abaissement de la mortalite par Plasmodium
falciparum grace a un programme de soins de sante
primaires, la sensibilite de P.falciparum a la chloroquine in
vivo et in vitro a ete etudiee dans la region de Buyo en Cote
d'Ivoire.
Le depistage a e effectue par examen microscopique

d'6chantillons de sang provenant de 595 enfants au total,
ages de 2 a 13 ans, appartenant A cinq villages; parmi ces
enfants, 32 ont ete choisis pour les epreuves in vivo et 36
pour les epreuves in vitro. Dans le groupe des epreuves in
vivo, tous les patients ont e traites avec 25 mg de
chloroquine base par kilogramme de poids corporel
administres en doses fractionnees sur 3 jours, et tous ont ete

suivis jusqu'au bout de la periode d'observation de 7 jours.
Des frottis sanguins ont et realises chaque jour et se sont
averes negatifs pour les formes asexuees du parasite du jour
3 au jour 7. Les parasites disparaissaient du sang en 1,8 jour
en moyenne. Les 36 epreuves in vitro ont donne des resultats
satisfaisants sur 19 isolements. Dans ces 19 cas on a obtenu
une inhibition complete a 5,7 pmol de chloroquine base par
puits (soit 1,14 Amol par litre de sang); 7 de ces isolements
ont et completement inhibes A 1 pmol, 15 A 2 pmol et 17 A
4 pmol.

Ces resultats montrent qu'il n'existe dans cette population
aucun signe de resistance A la chloroquine, in vivo comme in
vitro; ils confirment egalement que la reponse au schema
curatif classique par la chloroquine se maintient en Afrique
de l'Ouest.


