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In vitro susceptibility of Plasmodium falciparum to four
antimalarial drugsin the Central Province of Papua New Guinea

Francis W. HomHANJEL

Department of Basic Medical Sciences, University of Papua New Guinea, Port M or eshy

SUMMARY

The susceptibility of Plasmodium falciparum to chloroquine, quinine, mefloquine and
halofantrine was investigated in the Central Province of Papua New Guinea between March
1995 and September 1996, when chloroquine resistance was widely present in the country. The
standard World Health Organization in vitro microtest methodology was used in the study. Of
the 30 isolates tested for chloroquine susceptibility all were resistant to chloroquine with
median 1C,, of 1.15 pumol/l (range 0.54 to 4.24), indicating a high prevalence and degree of
resistance. Threeisolates each for quinine (3/31) and halofantrine (3/28) showed resistance at
concentrations of 51.2 umol/l and 10 nM respectively, while all 31 isolates tested for mefloquine
were fully susceptible. The comparative analysis of median |C,, values between isolates
resistant and susceptible to chloroquine showed chloroquine-resistant isolates to be less
susceptible to quinine and halofantrine while fully susceptible to mefloquine. It seemsthat the
evolution of chloroquine resistance together with increased use of quinine treatment of
P. falciparum malaria may increase therisk of emergence of quinine resistance and possibly of
halofantrine resistance as well. The development of mefloquine resistance, however, is

independent of chloroquine resistance.

Introduction

Chloroquine-resistant strains of Plasmodium
falciparum are now widespread in Papua New
Guinea (PNG) (1,2) since such a strain was
first reported in 1976 (3,4). These resistant
strains have now been reported from almost
every part of the country with increasing
frequency (5-8). As aresult, quinine alone or
in combination with sulfadoxine-
pyrimethamine (Fansidar) has been used more
frequently. Unfortunately, resistance to these
and other alternatives has been reported (9-11),
posing a serious challenge to any efforts to
treat malaria effectively in the region. To meet
the challenge, aternative antimalarials need to
be sought and evaluated as to their suitability
against local malarial parasite strains.

Mefloquine and halofantrine are the next
generation of alternative antimalarial drugs
awaiting approval from the Health Department

for clinical use in PNG. To date, very little
information on their antimalarial activity
against local strains or isolates of P. falciparum
is available to form the basis for important
therapeutic decisions. The present study was
conducted to assess the susceptibility pattern of
local P. falciparum isolates to all four drugs,
chloroquine, quinine, mefloquine and
halofantrine. These data set the baseline for
subsequent studies in monitoring the evolving
pattern of drug resistance in the Central
Province.

Patients and M ethods

The study was carried out in the Central
Province of PNG from March 1995 to
September 1996. Patients presenting
themselves at the Adult Outpatients
Department of Port Moresby General Hospital
were selected if they had asexual forms of
P. falciparum with a density between 1000 and
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90,000 per pl of blood with no history of
antimalarial drug ingestion within three weeks
of presentation. The recently developed
ParaSight-F test (12) was applied for
confirmation of P. falciparum species in
questionable cases.

Pretreatment blood samples (5 ml) were
collected into a heparinized tube by
venipuncture and transported immediately to
the laboratory. Following centrifugation at low
speed (150-200 rpm) the plasma was discarded
and infected erythrocytes were washed three
times in complete culture medium (RPM1 1640
with 25 mM HEPES buffer and 25 mM
NaHCOQ,) before assaying. Samples with high
parasitaemia were diluted with fresh washed
human type O-positive red blood cells to reach
a parasitaemia of 1%. All chemicals for
parasite culture, including nonimmune human
sera, were obtained from Sigma (USA) except
for RPMI 1640 (Gibco).

I'n vitro microtest technique

The drug susceptibility of P. falciparum was
determined using the World Health
Organization (WHO) standardized in vitro
microtest system (13) developed by
Rieckmann et al. (14), adapting the
methodology used for the cultivation of
P. falciparum (15). The technique involves
quantitating schizont maturation following
cultivation of infected erythrocytes in plates
charged with defined quantities of drug. This
technique has been widely applied in many
countries of the world to assess the in vitro
susceptibility of P. falciparum to chloroquine,
amodiaquine, quinine,  mefloquine,
pyrimethamine, halofantrine and other
newer agents.

Drug preparation

Pre-dosed plates of chloroquine, quinine and
mefloquine were obtained from WHO in
Manila. Halofantrine (racemate) was obtained
from Smith Kline & Beecham (Welwyn, UK)
and the drug plates for halofantrine were
prepared as follows: a stock solution (10” M)
was prepared by dissolving 53.7 mg in 10 ml
of 70% alcohol solution. From the stock
solution serial dilutions were prepared to give
the final test concentrations of 0.1, 1.0, 2.5, 5,
10, 50 and 100 nmol per well. Aliquots of 100
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W of each drug concentration were dispensed
into the wells of a 96-well sterile microtitre
plate, one concentration per row of 12 wells.
The first row was the control, containing drug-
free culture medium, 100 pl per well.

In vitro microtest

100 Wl of washed infected erythrocytes was
mixed aseptically with 900 pl of complete
culture medium (1:10) and 50 pl of the blood-
medium mixture was pipetted into each well of
the pre-dosed plates. For halofantrine, an
aliquot (10 pl) of washed parasitized
erythrocytes was added to the drug solutions
(100 pl) in each well. The plates were
incubated in low oxygen conditions in a candle
jar for 24-36 hours. All the susceptibility
assays for each drug were done in duplicate.
Depending on the schizont maturation stages
following incubation of the test plates, the
supernatant in each well was removed and thin
blood films were prepared. These blood
smears were left to dry, fixed in methanol and
stained with buffered (pH 7.2) 20% Giemsa for
15-20 minutes. The schizonts with two or
more nuclei were counted against 100 asexual
parasites. The percentage for each drug
concentration was calculated by dividing the
schizont count per 100 parasites by the
schizont count per 100 parasites of the control
and multiplying by 100. A test was considered
assessable if 20% or more schizonts were in
the control well. Resistance was indicated if
schizonts appeared in the presence of 1.14
pmol/l (5.7 pmol/well) of chloroquine, 51.2
pmol/l (256 pmol/well) of quinine, 3.2 pmol/I
(16 pmol/well) of mefloquine and 10
nmol/well of halofantrine.

ICy, (50% inhibitory concentration)

The 1C,, represents the concentration at
which 50% of the isolates were inhibited from
maturing to schizonts. The IC,s for the
individual isolates were determined by the
linear extrapolation method previously
described (16). The threshold value for
chloroquine resistance (1.14 pumol/l) was used
as a break-point to subdivide the isolates into
two groups, chloroquine-susceptible (1C,,
<1.14 pmol/l) and chloroquine-resistant (I1C,,
21.14 pmol/l), in order to evaluate the drug
susceptibility pattern for quinine, mefloquine
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TABLE 2

DRUG SUSCEPTIBILITY PROFILE OF ISOLATES OF PLASMODIUM FALCIPARUM WITH RESPECT TO
CHLOROQUINE RESISTANCE

Chloroquine-susceptible

Chloroquine-resistant

isolates isolates
Drug No Median Range No Median Range
1Cy, (umol/l) ICqy (umol/l)
Chloroquine 13 0.80 054-1.12 14 1.46 117-2.24
Quinine 13 1.98 1.16-9.77 14 2.80 1.03-5.43
Mefloquine 13 0.37 0.15-0.92 14 0.35 0.23-0.83
Halofantrine* 13 0.83 0.07-3.34 14 1.65 0.58 - 3.75
IC,, = 50% inhibitory concentration (pmol/l)
* nanomolar (nM) concentration
and halofantrine against these two parasite Quinine

subpopulations.
Results

A total of 39 falciparum isolates were
collected but only 30 isolates were evaluated
for chloroquine, 31 for quinine and
mefloquine, and 28 for halofantrine. The
reasons for discarding the other tests were
bacterial contamination and failure of schizonts
to mature satisfactorily. The drug
susceptibility data are presented in Tables 1
and 2.

Chloroquine

All the isolates tested showed schizont
maturation at a concentration of 1.14 pmol/Il of
chloroquine, indicating some degree of
resistance to the effect of the drug in all the
parasite cultures at this concentration (Table 1).
Above this concentration some isolates were
totally inhibited and at a concentration of 6.4
pmol/l 50% of the isolates were inhibited. The
remaining 50% showed some schizont
maturation at 6.4 pmol/l, indicating in these
isolates a high degree of in vitro chloroquine
resistance. The median IC,, of chloroquine
was 1.15 umol/l (range 0.54-4.24), a value
close to the threshold value which has been
used to define in vitro resistance. 50% of the
parasite population was classified as
chloroquine susceptible (<1.14 pmol/l) and the
other 50% as chloroquine resistant
(=1.14 pmoal/l).

Schizont maturation was inhibited in 90%
(28/31) of theisolates at 51.2 pmol/l of quinine
concentration (Table 1). 3 isolates showed
minor maturation at that concentration with the
isolates overall demonstrating more than 99%
inhibition of trophozoite maturation to
schizonts. The median IC,, was 2.76 pmol/|
(range 1.03-9.77), well below the threshold
value for quinine resistance. The chloroquine-
resistant isolates were less susceptible to
quinine than the chloroquine-susceptible
isolates (Table 2).

M efloquine

All the isolates were inhibited at 3.2 pmol/|
of mefloquine, indicating a high susceptibility
to the drug (Table 1). At this concentration
maturation of trophozoites to schizonts was
totally inhibited in 100% of the isolates. The
low median IC,, values (0.35; range 0.15-0.77
pmol/l) indicate high efficacy of mefloquine in
vitro. Chloroquine-resistant and susceptible
isolates were equally susceptible to meflogquine
invitro (Table 2).

Halofantrine

Not all the isolates were susceptible to
halofantrine. 89% (25/28) of the isolates
demonstrated inhibition of schizont maturation
at a concentration of 10 nM (Table 1). The
remaining 3 isolates (11%) showed schizont



Papua New Guinea Medical Journal

maturation at and above that concentration but
with eventual inhibition of schizont maturation
for @l the isolates at 100 nM concentration of
halofantrine, the highest drug concentration
tested in this system. The IC,s (0.07 to 3.7
nM; median = 1.02) for the individual isolates
were lower than the defined threshold. The
chloroquine-resistant isolates were less
susceptible to the drug than the chloroquine-
susceptible isolates (Table 2).

Correlation of responses

The individual responses to chloroquine and
halofantrine, and to chloroquine and quinine,
showed no correlation. However, a positive
correlation was found between the individual
responses to quinine and mefloquine, and
between the responses to mefloquine and
halofantrine. An inverse correlation was found
between chloroquine and mefloquine.

Discussion

This is the first report of an in vitro
susceptibility assessment of P. falciparum
isolates to chloroquine, quinine, mefloquine
and halofantrine in the Central Province of
PNG. Among the isolates collected and
assessed from the study area, a high frequency
and degree of chloroquine resistance in vitro
was observed. In all the isolates tested at 1.14
pmol/l concentration, the accepted threshold
for chloroquine resistance in vitro, chloroquine
was unable to inhibit schizont maturation.
Even at the maximal drug concentration of 6.4
pmol/l, only 50% of the isolates showed
complete inhibition of schizont maturation,
suggesting that the level of chloroquine
resistance is relatively high by in vitro criteria.
The findings are consistent with recently
available data from some areas of the country
(8,17). The level of in vitro chloroquine
resistance observed here would be expected to
exceed R1/R2 levels of resistance by in vivo
methods. Although in vitro susceptibility of
the isolates may not directly predict the in vivo
outcome, such a high level of chloroquine
resistance in the area will put increasing
demand on quinine use as an aternative.

Thus far, treatment failure with quinine has
not been reported in the Central Province.
Nevertheless, the results of the present study
indicate the presence of a few isolates of
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P. falciparum with diminished susceptibility to
quinine. Approximately 10% (3/31) of the
isolates tested showed minor schizont
maturation at the threshold quinine
concentration of 51.2 umol/l. It is yet to be
determined what it means in vivo for these
isolates since Central Province strains of
P. falciparum are, in general, highly
susceptible to quinine by in vivo observations.
In other countries, in parallel with the
emergence of chloroquine resistance, some
authors found diminution of quinine
susceptibility (18-21) while others (20,22,23)
have reported full susceptibility of
P. falciparum to quinine in vitro. Such
discrepancies call for further studies to define
the geographical variation of response in vitro
to these drugs. Although the picture of
chloroquine resistance appears gloomy in
PNG, including the Central Province, it is
important to note that quinine resistance is
present in some foci at generally a low level
and that quinine still largely retains its
therapeutic efficacy in semi-immune
populations.

The Central Province isolates of
P. falciparum are highly susceptible to
mefloquine. This finding is expected as
meflogquine has never been openly prescribed
for malaria treatment in the country. The
results of the present study are consistent with
the high in vitro susceptibility to the drug
reported elsewhere (21,23-25), athough some
investigations (18,20,22,26-29) have
demonstrated the occurrence of mefloquine
resistancein vitro, even in areas where the drug
has never been introduced (28,30-33).
Chloroquine resistance has not influenced
mefloquine’s antimalarial activity or
susceptibility profilein any way (see Table 2).

Halofantrine, a close relative of mefloquine,
failed to inhibit all the isolates tested in vitro:
3 of 28 isolates (11%) grew in a halofantrine
concentration of 10 nM, indicating resistance
according to the definition of in vitro resistance
in this study. The findings are unexpected
because halofantrine has not been introduced
into the country except for research purposes
(34). Itislikely that a spontaneously resistant
gene pool exists in the local parasite
population. Reduced in vitro susceptibility of
Plasmodium falciparum to halofantrine has
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been reported in some parts of the world
(22,35,36) while others have reported high
susceptibility to the drug (30,37). This wide
variability in drug response across different
geographical areas may reflect the genetic
diversity of malarial parasites. However, the
findings in this study of in vitro halofantrine
resistance should not be overstated, since there
have not been many studies which have
examined the correlation between in vitro and
invivo results.

With respect to the correlation of responses,
the individual isolate responses to chloroquine
and halofantrine, and to chloroquine and
quinine, showed no correlation. Apparent lack
of correlation between chloroquine and quinine
is not consistent with the findings of a previous
study (33) where strong positive correlation
existed between the drugs; the discrepancies
may be due to differences in methodology or
the characteristics of the isolates tested. Lack
of correlation between chloroquine and
halofantrine could imply that their antimalarial
activities are independent of each other, at least
against these isolates. However, a positive
correlation was found between quinine and
mefloquine, and between mefloquine and
halofantrine. Since all the three drugs
(aminoalcohols) are structurally related, cross-
resistance between them is likely and has been
found elsewhere (26,38). When the isolates
were grouped into chloroquine-susceptible and
chloroquine-resistant (Table 2), different
implications emerge, with quinine and
hal ofantrine both showing higher 1C,, levelsin
chloroquine-resistant isolates, whereas
mefloquine showed no difference. On
individual isolate responses, in fact an inverse
correlation was found between chloroquine and
mefloquine, which may imply that mefloquine
would be generally more active against
chloroquine-resistant than chloroquine-
susceptible isolates of P. falciparum in the
Central Province. This observation confirms
the findings of some studies (38,39) but does
not support conclusions reached by others for
chloroquine and mefloquine susceptibility (29).
Such discrepancies may indicate geographic
variations in parasite susceptibility patterns
across different malaria-endemic areas, both
within and between different countries.

It must be emphasized that the in vivo
implications of these in vitro findings are not

56

Volume 41, No 2, June 1998

immediately known. It is a common
experience that antimalarial susceptibility tests
of malaria parasites may not reflect the
expected response of patients to therapy. For
example, the parasites may be reported as
resistant in vitro to a particular drug but the
infection is cleared upon treatment. On the
other hand, treatment may be ineffective
despite high susceptibility of the infecting
strains in laboratory tests. There are many
possible reasons for such discrepancies. The
methods used for determining drug
susceptibility may be one of those. Others may
include host immunity and the diversity in
parasite biology (40,41). So the in vitro drug
susceptibility data do not necessarily predict
clinical outcome though they may strongly
suggest the presence of a certain degree of
resistance in vivo and be useful for monitoring
changes in drug susceptibility patterns.

In conclusion, the results of this study
revealed a high level and degree of chloroquine
resistance in vitro in this study area.
Chloroquine resistance may have compromised
quinine's antimalarial activity in vitro but it is
not clear to what extent and degree this
observation might apply in vivo. As for the
third-line antimalarials, mefloquine may be of
greater value than halofantrine against
P. falciparum. The parasites more general
genetic and biological constitution and
behaviour at the time of the study cannot be
ignored and may have partly influenced the
drug susceptibility patterns demonstrated here.

ACKNOWLEDGEMENTS

I thank the nursing and medical staff,
Outpatients Department, Port Moresby General
Hospital for their assistance in recruiting
malaria patients, and Sam Grant for carrying
out the ParaSight tests. Support for the study
by the Medical Faculty Research Committee,
University of Papua New Guinea, is gratefully
acknowledged.

REFERENCES

1 Han CM, Grimmond TR. Chloroquine resistance
trials in Papua New Guinea. 1. Maprik and
Popondetta areas. PNG Med J 1976;19:236-242.

2 Dulay IS, Gibson FD, Eyeson-Annan MB,
Narara A. Chloroquine resistance in Plasmodium
falciparum and its geographical distribution in
Papua New Guinea. PNG Med J 1987;30:281-290.

3 Yung AP, Bennett NM. Chloroquine-resistant



Papua New Guinea Medical Journal

10

11

12

13

14

15

16

17

18

19

20

falciparum malariain Papua New Guinea. Med J
Aust 1976;2:320-321.

Grimmond TR, Donovan KO, Riley ID.
Chloroquine-resistant malaria in Papua New
Guinea. PNG Med J 1976;19:184-185.

Han CM. Studies on the occurrence of a strain of
chloroquine-resistant Plasmodium falciparum in
Papua New Guinea. PNG Med J 1978;21:306-316.
Tulloch A. Chloroquine-resistant Plasmodium
falciparum malaria in East New Britain, Papua
New Guinea. PNG Med J 1980;23:117-125.
Darlow B, Vrbova H. Chloroquine-resistant
Plasmodium falciparum malaria in Madang
children. PNG Med J 1981;24:96-98.
Schuurkamp GJT, Kereu RK. Resistance of
Plasmodium falciparum to chemotherapy with 4-
aminoquinolines in the Ok Tedi area of Papua New
Guinea. PNG Med J 1989;32:33-34.

Al-Yaman F, Genton B, Mokela D, Alpers MP.
Resistance of Plasmodium falciparum in vivo to 3
days’ treatment with quinine and single-dose
Fansidar. PNG Med J 1994;37:54-56.

Darlow B, Vrbova H, Stace J, Heywood P,
Alpers M. Fansidar-resistant falciparum malaria
in Papua New Guinea. Lancet 1980;2:1243.
Edstein MD, Veenendaal JR, Rieckmann KH,
O’ Donoghue M. Failure of
dapsone/pyrimethamine plus chloroquine against
falciparum malaria in Papua New Guinea. Lancet
1988;1:237.

Shiff C, Minjas J, Premji Z. The ParaSight"-F
Test: asimple rapid manual dipstick test to detect
Plasmodium falciparum infection. Parasitol
Today 1994;10;494-495.

Wernsdorfer WH. Field evaluation of drug
resistance in malaria. In vitro micro-test. ~ Acta
Trop 1980;37:222-227.

Rieckmann KH, Sax LJ, Campbell GH, Mrema
JE. Drug sensitivity of Plasmodium falciparum:
an in-vitro microtechnique. Lancet 1978;1:22-23.
Trager W, Jensen JB. Human malaria parasites
in continuous culture. Science 1976;193:673-675.
Freese JA, Rossouw EJ, Gouws E, Sharp BL,
Markus MB. In vitro sensitivity of southern
African isolates of Plasmodium falciparum to
halofantrine.  Ann Trop Med Parasitol
1993;87:235-239.

Al-Yaman F, Genton B, Mokela D, Narara A,
Raiko A, Alpers M. Resistance of Plasmodium
falciparum malaria to amodiaguine, chloroquine
and quinine in the Madang Province of Papua New
Guinea, 1990-1993. PNG Med J 1996;39:16-22.
Brasseur P, Kouamouo J, Brandicourt O,
Moyou-Somo R, Druilhe P. Patterns of in vitro
resistance to chloroquine, quinine and mefloquine
of Plasmodium falciparum in Cameroon, 1985-
1986. AmJ Trop Med Hyg 1988;39:166-172.
Brasseur P, Kouamouo J, Moyou-Somo R,
Druilhe P. Multi-drug resistant falciparum
malaria in Cameroon in 1987-1988. 1. Stable
figures of prevalence of chloroquine- and quinine-
resistant isolates in the original foci. Am J Trop
Med Hyg 1992;46:1-7.

Benito A, Roche J, Molina R, Amela C, Alvar J.
In vitro susceptibility of Plasmodium falciparum to
chloroquine, amodiaquine, quinine, mefloquine

57

21

22

23

24

25

26

27

28

29

30

31

32

Volume 41, No 2, June 1998

and sulfadoxine/pyrimethamine in Equatorial
Guinea. AmJ Trop Med Hyg 1995;53:526-531.
Adagu IS, Warhurst DC, Ogala WN, Abdu-
Aguye |, Audu LI, Bamgbola FO, Ovwigho UB.
Antimalarial drug response of Plasmodium
falciparum from Zaria, Nigeria. Trans R Soc Trop
Med Hyg 1995;89:422-425.

Bustos MDG, Gay F, Diquet B. In-vitro tests on
Philippine isolates of Plasmodium falciparum
against four standard antimalarials and four
ginghaosu derivatives. Bull World Health Organ
1994;72:729-735.

Warsame M, Wernsdorfer WH, Payne D,
Bjorkman A. Susceptibility of Plasmodium
falciparum in vitro to chloroquine, mefloquine,
quinine and sulfadoxine/pyrimethamine in
Somalia: relationships between the responses to
the different drugs. Trans R Soc Trop Med Hyg
1991;85:565-569.

Kremsner PG, Zotter GM, Feldmeier H,
Graninger W, Kollaritsch M, Wiedermann G,
Rocha RM, Wernsdorfer WH. In vitro drug
sensitivity of Plasmodium falciparum in Acre,
Brazil. Bull World Health Organ 1989;67:289-
293.

Warsame M, Wernsdorfer WH, Willcox M,
Kulane AA, Bjorkman A. The changing pattern
of Plasmodium falciparum susceptibility to
chloroquine but not to mefloquine in a
mesoendemic area of Somalia. Trans R Soc Trop
Med Hyg 1991;85:200-203.

Brasseur P, Kouamouo J, Moyou-Somo R,
Druilhe P. Multi-drug resistant falciparum
malaria in Cameroon in 1987-1988. |II.
Mefloguine resistance confirmed in vivo and in
vitro and its correlation with quinine resistance.
AmJ Trop Med Hyg 1992;46:8-14.

Chippaux JP, Massougbodji A, Olliaro P, Gay
F, Caligaris S, Danis M. Sensitivity in vitro of
Plasmodium falciparum to chloroquine and
mefloguine in two regions of Benin. Trans R Soc
Trop Med Hyg 1989;83:584-585.

Smrkovski LL, Buck RL, Alcantara AK,
Rodriguez CS, Uylance CV. In vitro mefloquine
resistant Plasmodium falciparum from the
Philippines. Lancet 1982;2:322.

Kilimali VAEB, Mkufya AR, Kilama WL. Low
resistance of Plasmodium falciparum to
mefloquine in Tanga region, Tanzania. Trans R
Soc Trop Med Hyg 1989;83:162-164.

Oduola AMJ, Milhous WK, Salako LA, Walker
O, Desjardins RE. Reduced in-vitro susceptibility
to mefloquine in West African isolates of
Plasmodium falciparum. Lancet 1987;2:1304-
1305.

Hoffman SL, Rustama D, Dimpudus AJ,
Punjabi NH, Campbell JR, Oetomo HS,
Marwoto H, Harun S, Sukri N, Heizmann P,
Laughlin LW. RIl and RIII resistance of
Plasmodium falciparum to combination of
mefloquine and sulfadoxine/pyrimethamine in
Indonesia. Lancet 1985;2:1039-1040.

Salako LA, Fadeke Aderounmu A. In vitro
chloroquine and mefloquine-resistant Plasmodium
falciparumin Nigeria. Lancet 1987;1:572-573.
Knowles G, Davidson WL, Jolley D, Alpers MP.



Papua New Guinea Medical Journal

35

36

37

The relationship between the in vitro response of
Plasmodium falciparum to chloroquine, quinine
and mefloquine. Trans R Soc Trop Med Hyg
1984;78:146-150.

Shanks GD, Edstein MD, Kereu RK, Spicer PE,
Rieckmann KH. Postexposure administration of
halofantrine for the prevention of malaria. Clin
Infect Dis 1993;17:628-631.

Ringwald P, Le Bras J, Voyer C, Coulaud JP.
Reduced in vitro susceptibility to halofantrine of
Plasmodium falciparum in West Africa. Lancet
1990;335:421-422.

Brasseur P, Bitsindou P, Moyou RS, Eggelte
TA, Samba G, Penchenier L, Druilhe P. Fast
emergence of Plasmodium falciparum resistance to
halofantrine. Lancet 1993;341:901-902.

Deloron P, Le Bras J, Ramanamirija JA,
Coulanges P. Plasmodium falciparum in
Madagascar: in vivo and in vitro sensitivity to

58

39

40

41

Volume 41, No 2, June 1998

seven drugs.
1985;79:357-365.
Basco LK, Le Bras J. In vitro activity of
halofantrine and its relationship to other standard
antimalarial drugs against African isolates and
clones of Plasmodium falciparum. AmJ Trop Med
Hyg 1992;47:521-527.

Wernsdorfer WH, Landgraf B, Wiedermann G,
Kollaritsch H. Inverse correlation of sensitivity in
vitro of Plasmodium falciparum to chloroquine and
mefloquine in Ghana. Trans R Soc Trop Med Hyg
1994,88:443-444.

Kemp DJ, Cowman AF, Walliker D. Genetic
diversity in Plasmodium falciparum. Adv
Parasitol 1990;29:75-149.

Day KP, Koella JC, Nee S, Gupta S, Read AF.
Population genetics and dynamics of Plasmodium
falciparum: an ecological view. Parasitology
1992;104:S35-S52.

Ann Trop Med Parasitol



