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In vivo and in vitro susceptibility to chloroquine of
Plasmodium falciparum in Kinshasa and Mbuji-Mayi,
Zaire

PHUC NGUYEN-DINH,' IRA K. SCHWARTZ,2 JOHN D. SEXTON,3 BOMBOTO EGUMB,
BOTOMWITo BOLANGE,4 KALISA RUTI,5 NGIMBI NKUKU-PELA,6 & MARC WERY7

From April to June 1983, combined in vivo and in vitro studies were conducted to
assess the response to chloroquine ofPlasmodium falciparum in Kinshasa and Mbuji-Mayi,
Zaire. A total of 109 patients were treated with chloroquine, either as a single dose of
10 mg/kg or as a full dose of 25 mg/kg. All patients rapidly cleared their asexual
parasitaemia, no recurrence being noted during the subsequent 3 weeks offollow-up. In the
fourth week, recurrences were noted in 3 out of 66 patients treated with the full dose of
chloroquine and in 10 out of43 patients treated with the single dose. A total of 101 in vitro
tests (30 macro tests, 39 micro tests, and32 48-hour tests) were successfully performed with
blood samples collected from 51 of these patients. Full sensitivity to chloroquine was
demonstrated in all but 3 of the successful in vitro tests, the resultsfrom these 3 tests being
contradicted either by alternative in vitro tests or by the corresponding in vivo findings.
These investigations thusfailed to detect chloroquine resistance at the level reported in East
Africa or eastern Zaire (in Kivu).

The emergence in Africa of strains of Plasmodium
falciparum resistant to chloroquine presents a serious
challenge to malaria control in that continent,
because chloroquine is the only antimalarial drug that
can be realistically considered for widespread use in
many African countries in view of its safety, low cost,
and rapidity of action. Chloroquine resistance, first
detected in Kenya and the United Republic of
Tanzania, has been recognized in increasingly wider
areas of East and Central Africa. In 1982, the
westernmost spread of resistance was reported in the
province of Kivu in eastern Zaire (1). From April to
June 1983, additional investigations were conducted
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in Zaire to determine whether chloroquine resistance
was present in more western parts of the country, and
to compare in those areas the efficacy of two different
chloroquine treatment regimens. The investigations
were conducted in Kinshasa, the capital, located in
western Zaire, and Mbuji-Mayi, capital of the Kasai
Oriental province, which is in central Zaire.

PATIENTS AND METHODS

Selection ofsubjects
All patients considered for selection fulfilled the

following criteria: infection with P.falciparum only,
with more than 500 asexual parasites per A1 of blood,
as diagnosed on Giemsa-stained thick and thin smears
(parasites were counted against 100-300 leukocytes,
and an average leukocyte count of 8000 per 1l blood
was assumed); no 4-aminoquinolines detectable in the
urine by the Dill-Glazko technique (2); and no critical
illness. The study procedures were explained in detail
to the subjects and/or to the guardians of children less
than 15 years old, and those who consented to
participate were entered into the study.

In Kinshasa, the subjects were schoolchildren

4528 -325



326 P. NGUYEN-DINH ET AL.

Table 1. In-vivo response to chloroquine of Plasmodium falciparum in 3 groups of patients in Kinshasa and Mbuji-
Mayi, Zaire

Group K25' Group K10 Group M25

Number of subjects 49 43 17
Age (years, mean± 1 SD) 8.0± 1.7 7.8±0.8 9.8±4.8
Weight (kg, mean ± 1 SD) 20.4±6.3 19.5±3.2 31.8± 15.9
Initial parasite count (asexual

parasites/al, geometric mean) 4994 4288 27 287
(Range of 1SD) 1851-13 470 1463-12 568 9339-79 732

Parasite clearance time
(days, mean± 1SD) 2.6±0.7 2.4±0.9 2.7±0.4

Recurrence of parasitaemia at day 28 1 10 2

a Group K25: Kinshasa subjects, treated with chloroquine, 25 mg/kg. Group K10: Kinshasa subjects, treated with chloroquine,
10 mg/kg. Group M25: Mbuji-Mayi subjects, treated with chloroquine, 25 mg/kg.

found to be infected with P.falciparum during blood
surveys conducted in schools located in the southern
outskirts of the city. Out of 2107 schoolchildren
screened, 324 (15.4%) were found to be infected with
P.falciparum, of whom 96 were entered initially into
the study group. In Mbuji-Mayi, 17 subjects were
selected among patients who came to the outpatient
clinic of the Hospital Bonzola (MIBA) with
complaints suggestive of malaria. The Mbuji-Mayi
group was thus composed of symptomatic individuals
who had initial parasitaemias significantly higher
than those in the Kinshasa group, composed of
ambulatory schoolchildren (P= 0.0001 by analysis of
variance) (Table 1).

In vivo tests

The WHO extended field test was conducted (3).
Each subject was treated on day 0 orally with
chloroquine diphosphate (Bayer, Leverkusen,
Federal Republic of Germany)a in 1 of 2 regimens:
chloroquine base 25 mg/kg of body weight, distri-
buted over a 3-day period (standard extended field
test), or 10 mg/kg as a single dose (alternative
extended field test). Urine samples were tested again
on day 1 or 2 by the Dill-Glazko technique to confirm
absorption of the drug. Giemsa-stained thick and thin
blood smears were examined daily during the first 7
days, then weekly until day 28.

In vitro tests

Prior to initiation of treatment, blood samples were
collected from nonrandomly selected subjects for in
vitro tests. Three in vitro tests were used: the

' Use of trade names and commercial sources is for identification
purposes only and does not imply endorsement by the Public Health
Service or the US Department of Health and Human Services.

Rieckmann macrotechnique, the Rieckmann micro-
technique, and the 48-hour test.

Rieckmann macrotechnique. This technique was
performed as previously described (4), using a test kit
provided by WHO. Briefly, 10-15 ml of venous
blood were collected, defibrinated, and distributed as
1-ml aliquots in vials containing 5 mg of glucose each
and various amounts of chloroquine (to give final
concentrations of 0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2 and
3 smoles of chloroquine base per litre of blood). The
vials were incubated for 24 hours at 37 IC, after
which thick smears were taken from each sample,
stained with Giemsa, and examined. Parasites that
had matured into schizonts were counted against 300
leukocytes. A test was considered successful when at
least 10% of the initial parasites in the control vials
had matured into schizonts. The inhibitory effect of
the various concentrations of chloroquine on schizont
maturation was used to assess the in vitro response to
the drug of the P.falciparum isolate tested.

Rieckmann microtechnique. The tests were
conducted as previously described (5), using a kit
provided by WHO. The blood sample necessary for
each test was obtained either from the defibrinated
venous blood collected for the macrotest, or as a
fingerprick capillary blood sample. The blood sample
was diluted 10-fold in RPMI 1640 medium (Gibco,
Grand Island, New York) supplemented with
30 mmol/l of Hepes buffer (and in most of the cases,
with human AB+ nonimmune serum, 100 ml/l). The
resulting blood and medium mixture was distributed
as 50-1l aliquots into the wells of a 96-well plate,
which had been precharged with various concentra-
tions of chloroquine, to give final concentrations of 0,
1, 2, 4, 5.7, 8, 16, and 32 picomoles per well
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(corresponding to 0, 0.2, 0.4, 0.8, 1.14, 1.6, 3.2, and
6.4 ismol/l of blood). After incubation for 24 hours in
a candle jar at 37 °C, thick smears were made from
each well and the number of schizonts per 200 asexual
parasites was determined. A test was considered suc-
cessful when at least 10%o of the initial parasites in the
control well had matured to schizonts. The inhibitory
effect on schizont maturation of the various chloro-
quine concentrations was assessed, thus allowing the
determination of the in vitro response to the drug of
the isolate tested.

48-hour test. This test was conducted as previously
described (6). Briefly, 0.2 ml of either defibrinated
venous blood or a fingerprick capillary sample was
diluted into 4.8 ml of culture medium supplemented
with human serum, and the resulting culture material
was distributed as 0.5-ml aliquots into 16-mm flat-
bottomed wells, predosed with various amounts of
chloroquine to give final concentrations of 0, 0.01,
0.03, 0.06, 0.1, and 0.3 ltmol/l of medium
(corresponding to 0, 0.25, 0.75, 1.5, 2.5, and
7.5 zmol/l of blood). After incubation for 48 hours in
a candle jar at 37 °C, thin smears were made from
each well and the number of asexual parasites per
10 000 erythrocytes was determined. A test was
considered successful when the parasite count
increased at least 2-fold in the control well. The
inhibitory effect on increase in parasite count of the
various concentrations of chloroquine was used to
assess the in vitro response to the drug of the isolate
tested.
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Fig. 1. In vivo response to chloroquine of 109 Plas-
modium falciparum infections tested in Kinshasa and
Mbuji-Mayi, Zaire, April-May 1983.

---- =group K25; - * - * - * =group K10;
= group M25 (see text for details)

RESULTS

In vivo tests

A total of 109 in vivo tests were satisfactorily
completed (Table 1); 92 of the 96 schoolchildren in the
Kinshasa group and all 17 patients in the Mbuji-Mayi
group completed the 28-day follow-up period.
Among the Kinshasa schoolchildren, 49 (group

K25) received the full dose (25 mg/kg) of
chloroquine, and the remaining 43 children (group
K1O) received a single dose (10 mg/kg) of the drug.
Subjects from both groups were selected among
children from the same schools. The assignment of
each child to either regimen was determined on a non-
random basis, depending on the day on which the
child was entered into the study group. All 17 patients
in Mbuji-Mayi were given the full dose of 25 mg/kg
(group M25).

In all 109 patients, the parasites were rapidly
cleared from the peripheral blood by day 4 following
the initiation of treatment. In all 3 groups the parasite
clearance rates were comparable (Fig. 1), and the

mean parasite clearance times were not significantly
different (P= 0.15 by analysis of variance). Following
the initial clearance, no recurrence of parasitaemia
was detected in any patient during the remainder of
the first week of follow-up, or on days 14 or 21. On
day 28, however, parasites were present in the
peripheral blood of 1 patient in group K25, 10
patients in group KIO, and 2 patients in group M25.
The recurrence rate in group K10 was significantly
higher than that in group K25 (P=0.002, Fisher's
exact test) or in groups K25 and M25 combined
(P= 0.004, Fisher's exact test).

Blood samples collected on day 0 from the 3
patients (groups K25 and M25) whose parasitaemia
later recurred, allowed in each case the successful
performance of a 48-hour in vitro test, and all of
them gave a sensitive response pattern; in one sample
(from Kinshasa, patient No. 87), a parallel successful
microtest showed schizont formation in the well
containing 5.7 picomoles of chloroquine per well.
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Fig. 2. In vitro response to chloroquine (macrotests) of
30 Plasmodium falciparum isolates from Kinshasa and
Mbuji-Mayi, Zaire, April-May 1983. (The arrow indicates
the accepted endpoint for in vitro sensitivity to chloro-
quine.)

In vitro tests

A total of 161 tests were attempted, 101 (63%) of
which were successful. The blood samples used for
the successful in vitro tests were collected from 35
patients in group K25, 1 patient in group K10, and 15
patients in group M25. No major difference was
detected between the patterns of test results obtained
in the three groups of patients.
A total of 30 macrotests were successfully

performed (success rate, 70%) (Fig. 2), 29 of which
showed no schizont maturation in vials containing 1.5
Amol or more of chloroquine, thus satisfying the
WHO criterion for in vitro sensitivity to the drug. In
one isolate, schizonts were still present in the vial
containing 1.5 gtmol but not in vials with higher con-
centrations; this isolate was from a patient in
Kinshasa (No. 60) who, after treatment with chloro-
quine (25 mg/kg), had an in vivo sensitive response
pattern; parallel in vitro tests by the microtechnique
and the 48-hour test indicated a sensitive response.
A total of 39 microtests were successfully per-

formed (success rate, 67@o), all but 2 of the isolates
exhibiting a sensitive response (no schizont
maturation at concentrations equal to or higher than
5.7 picomoles per well) (Fig. 3). In the 2 isolates,
schizonts were observed in the wells containing 5.7
picomoles but not in wells with higher concentrations.
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Fig. 3. In vitro response to chloroquine (microtest) of 39
Plasmodium falciparum isolates from Kinshasa and
Mbuji-Mayi, Zaire, April-May 1983. (The arrow indicates
the accepted endpoint for in vitro sensitivity to chloro-
quine.)

One of these 2 isolates was from a Kinshasa patient
(No. 87) who developed recurrence of parasitaemia 28
days after treatment with chloroquine (25 mg/kg); a
parallel in vitro 48-hour test showed a sensitive
response pattern. The other isolate was from a Mbuji-
Mayi patient (No. 15), whose infection exhibited an
in vivo sensitive response following treatment with
chloroquine (25 mg/kg).
A total of 32 48-hour tests were successfully

performed (success rate, 53%), all of which indicated
an in vitro sensitive response, with no increase in
parasite counts in wells containing 0.06 or more
gmol of chloroquine per litre of medium (Fig. 4).

DISCUSSION

The majority of the in vivo and in vitro tests
conducted in Kinshasa and Mbuji-Mayi indicated
chloroquine-sensitive parasites. All infections in the
in vivo tests responded promptly to treatment with
chloroquine, no recurrence of parasitaemia being
detected during the first week of observation, thus
excluding the possibility of resistance at the RII and
RIII levels (3). Additional follow-up did not show a
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Fig. 4. In vitro response to chloroquine (48-hour test) of
32 Plasmodium falciparum isolates from Kinshasa and
Mbuji-Mayi, Zaire, April-May 1983. (The arrow indicates
the accepted endpoint for in vitro sensitivity to chloro-
quine.)

recurrence of parasitaemia until day 28, when asexual
parasites were found in the peripheral blood of 13 of
the 109 patients. Such recurrences of parasitaemia,
while compatible with resistance at the RI (delayed
recrudescence) level, could have resulted from
reinfection, since all patients remained in an area with
active malaria transmission.

In vitro criteria for chloroquine sensitivity were
fulfilled in all but 3 of the 101 successful in vitro tests.
In these 3 instances, the suggestion of chloroquine

resistance was contradicted by the corresponding in
vivo findings or by parallel in vitro tests with the same
isolates, a finding that emphasizes the desirability of
combining, when possible, in vivo and in vi:ro
studies.

Thus, these investigations in two cities in western
and central Zaire failed to detect chloroquine
resistance, at least to the extent reported in East
Africa or in eastern Zaire. The continuing usefulness
of chloroquine as a therapeutic or suppressive agent
for malaria control in the greater part of Zaire, as
demonstrated in these studies, remains, but subject to
close monitoring for the emergence of resistance in
the future.
The in vivo studies in Kinshasa comparing two

different chloroquine treatment regimens showed
that both dosages provided similar results during the
first part of the follow-up period. Asexual parasites
were uniformly cleared with comparable mean
parasite clearance times, and no recurrence of asexual
parasitaemia was observed during the first 3 weeks of
follow-up. These findings, combined with the simpler
logistics and lower cost associated with a single-dose
chloroquine treatment, would at first sight appear to
favour this regimen for adoption in large-scale
control programmes in areas where the parasites are
fully sensitive to chloroquine.

This impression should, however, be moderated by
the findings in the fourth week of follow-up, when a
significantly higher rate of recurrence of asexual
parasitaemia was noted in the single-dose group. This
could be due to the fact that single doses of
chloroquine provided the patients with shorter
periods of protective drug levels, thus allowing
reinfection to manifest earlier than after a full dose.
Alternatively, single doses might have been unable to
completely eradicate the parasites in a sizeable
proportion of patients, thus resulting in delayed
recrudescences. Additional investigations confirming
the first hypothesis would imply only a minor logistic
disadvantage for the single-dose regimen. Alterna-
tively, findings favouring the second explanation
would raise serious questions about the advisability of
a large-scale use of the single-dose regimen because of
its potential role in the selection of drug-resistant
parasites.
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RESUME

SENSIBILITE IN VIVO ET IN VITRO DE PLASMODIUM FALCIPARUM A LA CHLOROQUINE A KINSHASA
ET A MBUJI-MAYI, ZAIRE

D'avril a juin 1983, des etudes combinees in vivo et in
vitro ont et effectuees en vue d'evaluer la reponse a la
chloroquine de Plasmodium falciparum a Kinshasa et a
Mbuji-Mayi (Zaire). Au total, 109 patients ont e traites
par la chloroquine, par administration d'une dose unique de
10 mg/kg ou de la dose complete de 25 mg/kg. Dans tous
les cas, les formes asexuees du parasite ont rapidement
disparu du sang et aucune rechute n'a e observee au cours
des trois semaines ulterieures pendant lesquelles ces patients
ont e suivis. La quatrieme semaine, des rechutes ont e
notees chez 3 des 66 patients ayant requ la dose complete de
chloroquine et chez 10 des 43 patients ayant requ une seule

dose. Au total, 101 epreuves in vitro (30 macro-epreuves, 39
micro-epreuves et 32 epreuves sur 48 h) ont e executees
avec succes sur des echantillons de sang preleves chez 51 de
ces patients. Une parfaite sensibilite a la chloroquine a e
mise en evidence dans toutes les epreuves in vitro, a
1'exception de 3 d'entre elles dont les resultats ont d'ailleurs
e contredits soit par un autre type d'epreuve in vitro, soit
par les observations in vivo correspondantes. Au total, ces
etudes n'ont pas revele une chloroquino-resistance aussi
nette qu'en Afrique orientale ou dans l'Est du Zaire (au
Kivu).
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