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In vitro response of Plasmodium falciparum to
chloroquine in the Nandi district, Kenya

S. C. MASABA,' D. B. ANYONA,2 & D. K. CHEPKWONI2

Thirty-six isolates ofPlasmodium falciparumfrom Nandi district, Kenya, which were
testedfor their sensitivity to chloroquine using the WHO in vitro macrotechnique, yielded a
total of29 successful tests, one of which showed overt resistance with schizont maturation
at chloroquine levels of > 1.5 x 10- 6 molIl. The majority of isolates showed reduced sen-
sitivity to chloroquine, and the EC99 was 1. 7218 x 10- 6 molll. Thesefindings are indicative
of widespread in vitro resistance of a low degree which may remain largely unnoticed in
immune individuals. However, in nonimmune subjects one may expect also in vivo
resistance because theparasites will not be completely cleared after a normally curative dose
of chloroquine.

In vivo and in vitro studies, aimed at establishing
the current status of the sensitivity of Plasmodium
falciparum to chloroquine in Kenya, were initiated
following reports of the appearance of resistant
malaria in that country (1, 2). The present paper
reports the findings of an in vitro study carried out
between July and December 1981 in Nandi district,
which lies on a plateau from 1700 m to 2200 m above
sea-level. The district experiences malaria of inter-
mediate stability, and since the turn of the century, a
number of epidemics have been reported (3).

MATERIALS AND METHODS

The in vitro tests were based on the macrotechnique
of Rieckmann et al. (4), using the WHO standard test
kits.' Individuals aged between 6 and 15 years were
screened for malaria. Those with Plasmodium species
other than P.falciparum, or with mixed infections,
were excluded. The Dill-Glazko urine test was used to
exclude those who had taken chloroquine or
amodiaquine. No sulfonamide test was carried out,
but it is unlikely that any of the 36 patients
investigated had taken any sulfonamides.

' Deputy Director, Uganda Trypanosomiasis Research Organi-
zation, P.O. Box 96, Tororo, Uganda. Requests for reprints should
be sent to this author.

2 Laboratory Technologist, Division of Vector-Borne Diseases,
Ministry of Health, P.O. Box 54, Kisumu, Kenya.

a Instructions for use of the WHO test kit for the assessment of
the response of Plasmodium falciparum to chloroquine.
Unpublished WHO document, MAP/79.1 (1979).

Approximately 10 ml of venous blood was drawn
from each subject, defibrinated, and then introduced
in 1 ml aliquots into vials pre-dosed with different
concentrations of chloroquine, ranging from 0.25 to
3.0 x 10 -9 mol/l. The control vials contained no
drug. The vials were shaken and incubated at
37-38 °C for 24-30 h. Thick blood smears were pre-
pared and allowed to dry for 24 h before being stained
with Giemsa. The number of schizonts was counted
against 300 leukocytes and the results were evaluated
by probit analysis of log dose-response in a 7-point
assay.b

RESULTS

Twenty-nine of the 36 isolates showed adequate
growth in the control vials ( > 20 schizonts/300 leuko-
cytes). Eight isolates showed complete inhibition of
schizont maturation at chloroquine concentrations
below 10-6 mol/l, 21 isolates showed schizont
maturation at this level, but only one isolate was not
inhibited at a concentration > 1.5 x 10 - 6 mol/l. The
probit analysis of log dose-response yielded a regres-
sion with a slope (b) of 3.0715 and a probit of 6.6019
for log dose 0.

Selected calculated effective doses of chloroquine
were as follows:

" GRAB, B. & WERNSIX)RFER, W. H. Evaluation of in vitro
tesisfor drug sensitivity in Plasmodium falciparum: probit analysis
of log dose-response test from 3-8 point assay. Unpublished WHO
document, WHO/MAL/83.990 (1983).
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Fig. 1. Results of in vitro macrotests for
sensitivity of Plasmodium falciparum obt
29 isolates from Nandi district, Kenya.

ECS,,O: 0.3009x 10 6 mol/l
EC90: 0.7864 x 10 6 mol/l
EC9s: 1.0326 x 10 6 mol/l
EC99: I.7218 x 10- 6 mol/l

The observed data up to EC)9.5 level fit
sion line quite well (Fig. 1); only at EC99.9,

less marked fit, obviously because of the very limited
number of schizonts involved at this level. At the
critical chloroquine level of 1.0x 10 6 mol/l,
schizont maturation was inhibited at 94%.

DISCUSSION

The success rate of the above in vitro macrotests, 29
out of 36 (slightly over 80%), is satisfactory. The
dose-response line to chloroquine of the 29 isolates
of P.falciparum from Nandi district, Kenya, with
an EC95 of 1.0326x 10-6 mol/l and an EC99 of

5.0 i.o1oo-6 1.7218 x 10 6 mol/l, indicates the presence of a low
M0LLBL00W level of chloroquine resistance; indeed, 21 isolates

showed reduced chloroquine sensitivity, one of them
chloroquine even producing schizont maturation at a chloroquineained with level above 1.5 x 106 mol/l.

In an area with high individual acquired immunity,
the in vivo response to chloroquine may still be satis-
factory under these circumstances. However, in
nonimmune subjects one would expect an incomplete
response to treatment, probably mostly at the RI
level. Thus, chloroquine still has a place in the treat-
ment of malaria in Nandi district, but the use of alter-

the regres- native antimalarial drugs must be considered for
Xvas there a nonimmune subjects.
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RESUME

REPONSE IN VITRO DE PLASMODIUM FALCIP.-1RULM A l A CIHLOROQUINE DANS l.E t)ISTRICT DE NANDI, KENYA

La sensibilite vis-A-vis de la chloroquine a et etudiee sur

36 isolements de Plasmodium falciparum provenant du
district de Nandi, Kenya, au moyen de la macrotechniquein
vitro de l'OMS. Sur 29 essais satisfaisants obtenus, on a mis
en evidence un cas de resistance certaine avec maturation des
schizontes pour des concentrations de chloroquine supe-
rieures A 1,5 x 10- 6 mol/l. La majorite des isolements indi-
quait une sensibilite diminuee A la chloroquine, avec une

CE99 de 1,7218 x 10-6 mol/l. Ces resultats temoignent de
l'extension d'une resistance mod6r6e in vitro qui risque de
passer inapereue dans la plupart des cas chez les individus
immuns. On peut toutefois s'attendre aussi A une resistance
in vivo chez les sujets non immuns, vu que les parasites ne
disparaitront pas completement apres administration de la
dose de chloroquine curative habituelle.

U.1I1 . } . ... . X * . w w . w w w w . w594



CHLOROQUINE SENSITIVITY OF PLASMODIUM FALCIPARUM IN KENYA 595

REFERENCES

1. FOGH, S. ET Al.. Chloroquine-resistant Plasmodium
falciparumii in Kenya. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 73: 228-229 (1979).

2. Chloroquine-resistant malaria acquired in Kenya and
Tanzania. Morbidity and moriality weekly reports, 27:
463-464 (1978).

3. ROBERTS, J. H. D. Pyrimethamine (Daraprim) in the
control of epidemic malaria. Journal of tropical
medicine and hygiene, 59: 201-208 (1956).

4. RIECKMANN, K. H. & LOPEZ ANTUN-ANO, F. J. Chloro-
quine resistance of Plasmodium falciparum in Brazil
detected by a simple in vitro method. Bulletin of the
World Health Organization, 45: 157-167 (1971).

5. WERNSDORFER, W. H. & KOUZNETSOV, R. L. Drug-
resistance malaria-occurrence, control, and surveil-
lance. Bulletin of the World Health Organization, 58:
341-352 (1980).


