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Sensitivity to quinine and mefloquine of
Plasmodium falciparum in Thailand

L. SUEBSAENG,1 W. H. WERNSDORFER,2 & W. ROONEY3

Between 1982 and 1984 a regimen consisting ofquinine and tetracycline was routinely
used in Thailand to treat outpatients with microscopically confirmed falciparum malaria.
Due to compliance problems associated with the 7-day multiple-dose regimen, there was a
recrudescence rate of approximately 30%. Studies carried out in 1982 and 1984 in four
areas of Thailand indicated that there was a significant decrease in the sensitivity of
Plasmodium falciparum to quinine. A significant, though less marked, reduction in the
sensitivity of P. falciparum to the structurally related drug mefloquine was also observed,
although this compound was not operationally deployed in Thailand before 1985. These
findings emphasize the need to replace the long multiple-dose quinine regimen by an
effective, acceptable, single-dose treatment..

Malaria is a major public health problem in rural
Thailand. Vector control operations in the country,
especially in areas surrounding urban centres, have
been conducted since the beginning of this century.
With the advent of residual insecticides following the
Second World War, malaria control was increasingly
extended to large rural areas, and a programme aim-
ing at the eradication of the disease in Thailand was
implemented. However, major obstacles preventing
the attainment of this objective began to emerge
mainly in the form of vector exophily (Anopheles
dirus) in and near forests and of human population
movements accompanied by intensive occupational
exposure to forest malaria. Both of these factors have
made vector control impossible or ineffective in some
areas, and led to an increased reliance on antimalarial
drugs for treatment as well as prophylaxis. As a con-
sequence, resistance of local Plasmodiumfalciparum
to chloroquine emerged at the end of the 1950s,
although it was still of a low degree and relatively
rare. In the course of the 1960s, however, the chloro-
quine sensitivity of P. falciparum decreased globally,
and by the early 1970s the drug had ceased to be effec-
tive against this species. Today, more than 90%o of all
P. falciparum infections are resistant to chloroquine,
the majority at the R-II level, but with a considerable
proportion of R-III responses. In contrast, P. vivax
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and the rarely encountered P. malariae continue to
respond well to chloroquine.

In 1971 the combination of sulfadoxine-pyri-
methamine (Fansidar) was introduced as an alterna-
tive drug for the treatment of falciparum malaria, but
at the end of the 1970s an increasing number of
failures presaged its ultimate loss of effectiveness.
When resistance to sulfadoxine-pyrimethamine first
became widespread it was not geographically uni-
form, so that while as early as 1980 the drug had to be
replaced in some areas by the combination quinine-
tetracycline, in others replacement did not become
necessary until 1983. Quinine-tetracycline was
selected since with quinine alone the cure rate is insuf-
ficiently high. For hospitalized patients using the
regimen quinine (10 mg/kg body weight at 8-hour
intervals for 1 week) and tetracycline (4 x 4-5 mg/kg
or 2 x 8-10 mg/kg body weight daily for I week) the
cure rate is highly satisfactory (> 99%); however, for
outpatients the rate is significantly lower (approxi-
mately 70Gb) due to compliance problems associated
with the regimen as well as the occurrence of side-
effects.
A reduction in the sensitivity of P. falciparum to

quinine can therefore be expected in areas where the
drug is routinely used therapeutically and where a
significant proportion of infections are not cured,
leading to parasite populations with reduced quinine
sensitivity. We therefore carried out a study to
monitor the in vitro sensitivity of P. falciparum to
quinine in some of these areas in Thailand and com-
pared the results with the response to mefloquine, a
structurally similar compound (Fig. 1), which, to-
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Fig. 1. Structural formulae of quinine and mefloquine.

gether with sulfadoxine-pyrimethamine, is scheduled
to replace quinine-tetracycline for the routine
treatment of microscopically confirmed falciparum
malaria. It should be noted that, until the beginning
of 1985, use of mefloquine, either itself or together
with sulfadoxine-pyrimethamine, was restricted to
clinical trials of limited numbers of patients whose
cure had been confirmed parasitologically.

MATERIALS AND METHODS

As part of a programme of monitoring the drug
sensitivity of P. falciparum in Thailand, in vitro
microtests were carried out in the rural areas sur-
rounding Chanthaburi (south-eastern Thailand),
Phetchabun (north central region), Tak (western
region), and Yala (extreme south) from September to
October 1982 and during the same period in 1984.
Blood samples were taken randomly from patients
attending malaria clinics in these areas, using the
following exclusion criteria:

"imported" malaria (only locally contracted
infections were included);

history of antimalarial treatment during the pre-
ceding four weeks;

positive Dill-Glazko test (i.e., presence of detect-
able concentrations of chloroquine, amodiaquine,
quinine, quinidine, or mefloquine;

presence of Plasmodium spp. other than P. fakci-
parum in the blood sample;
-presence of asexual forms of P. falciparum at a
density of less than 1000 parasites per A1.
The microtests measured the inhibition of schizont

maturation in the presence of the antimalarial drugs,a
using test kits supplied by the Malaria Laboratories,
Ministry of Health, Manila, Philippines and by
WHO, Geneva, Switzerland. Quinine test plates were

a Instructions for use of the WHO test kit for the assessment of
the response of Plasmodium falciparum to chloroquine. Unpub-
lished document, WHO/MAP/79. 1.

Table 1. Results of the in vitro paired microtests for
inhibition of Plasmodium falciparum schizont maturation
with quinine or mefloquine, Thailand, 1982 and 1984

Quinine Mefloquine

Parameter 1982 1984 1982 1984

No. of isolates 200 176 200 176

Inhibition (in probits)
at 106mol/1° 8.03353 6.48338 8.13643 6.87724

Slope bb 3.23549 2.41591 8.13643 6.87724

Effective concentrations (x 10 6mol/l)
EC1 0.0220 0.0265 0.0208 0.0190
EC50 0.1155 0.2432 0.1081 0.1704
EC90 0.2874 0.8249 0.2683 0.5703
EC95 0.3722 1.1662 0.3471 0.8032
EC99 0.6047 2.2340 0.5631 1.5277

Confidence limits for EC50 (x 10-6mol/l)
Upper 0.1253 0.2718 0.1266 0.1824
Lower 0.1064 0.2176 0.0923 0.1592

' Expressed as probit for log (dose)= 0, with 10-6 mol/l
considered as basis for log(dose) = 0.

b See footnote b below.

provided by WHO. A total of 376 paired tests were
carried out with quinine and mefloquine (200 pairs in
1982 and 176 pairs in 1984), and all tests were per-
formed and read by the same survey team.

RESULTS

The results of the in vitro microtests with P. falci-
parum are summarized in Table 1. The regression
parameters and the effective concentrations of
quinine and mefloquine were calculated by probit
analysis of log(dose)-response data,b while the confi-
dence limits for the concentration that resulted in
50/o inhibition of schizont maturation (EC5o) were
calculated using the method described by Litchfield &
Wilcoxon (1). This method was also used to
determine the parameters for the comparison of the
regression lines.
The results of previous studies indicate that the

measured dose-response to mefloquine is a function
of the test method used; for example, the results ob-
tained with the same concentrations of mefloquine
in total defibrinated blood (macrotest) or blood-

b GRAB, B. & WERNSDORFER, W. H. Evaluation of in vitro tests
for drug sensitivity in Plasmodium falciparum: probit analysis of
logdose/response test from 3-8-points assay. Unpublished docu-
ment, WHO/MAL/83.990.
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Fig. 2. In vitro response of Plasmodium falciparum
schizonts to quinine, Thailand, 1982 and 1984.

medium mixture (microtest) differed considerably. A
similar variation was observed by Wernsdorfer &
Trigg for chloroquine (2). As with chloroquine,
variations in dose-responses were reduced for meflo-
quine if concentrations were expressed in mol/l blood
volume.c In contrast, no such variation occurs with
quinine, and the concentrations are therefore
expressed in mol/l blood-medium mixture.
As shown in Table 1, the EC5o value for quinine

was 0.1155x 106 mol/l in 1982, while the EC9o
value (corresponding to 90/o inhibition of schizont
maturation) was 0.2874 x 10-6 mol/l, reflecting the
relatively high sensitivity of P. falciparum to the
drug. By 1984, however, the EC5o value had roughly
doubled to 0.2432 x 10-6 mol/l, while the EC9o value
had roughly tripled to 0.8249 x 10-6 mol/l (Fig. 2),
indicating a reduction in quinine sensitivity.

For mefloquine, a similar but quantitatively less
marked reduction in sensitivity and in the slope of the
regression lines was also observed (Fig. 3), with the
EC5o value increasing from 0.1081 x 10-6 mol/l in
1982 to 0.1704x 10-6 mol/l in 1984 (Table 1). Over
the same period the EC90 value also increased from
0.2683 x 10-6 to 0.5703 x 10-6 mol/l. The paired re-
gression lines for the sensitivity of P. falciparum to
quinine and mefloquine were parallel in both 1982
and 1984.

Table 2 shows the results, on a regional basis, of
the in vitro tests for quinine and mefloquine. The

If mefloquine concentrations are expressed in mol/l blood-
medium mixture, a uniformly higher (approximately 10-fold) sensi-
tivity results that is not borne out by in vivo drug levels and in vivo
response, both of which correlate well with the sensitivity expressed
in mol/l blood volume.

EC5o levels in 1982 were quite similar in all four areas
studied, and lay in the range + 7.2% to - 9.6% from
the mean value, i.e., 0.1054x 10-6 to 0.1238x 10-6
mol/l. By 1984 all ECso levels in the areas studied had
increased by 1.66 to 2.44 times, while the EC90 levels
had increased even more markedly (2.01 to 4.52
times). This is reflected in the lower slope of the re-
gression lines in all areas; however, this was most
marked in Phetchabun (ratio of increase of EC90 to
increase of EC5o= 1.54), where the reduction in
quinine sensitivity was also the most conspicuous,
followed by Chanthaburi and Tak.
Between 1982 and 1984 the EC90 value for meflo-

quine increased in all areas, while the EC5o value rose
in Chanthaburi, Phetchabun, and Yala, but not in
Tak. The regression lines were less steep in 1984 than
in 1982 for all areas except Yala.

DISCUSSION

The similarity between the response of P. falci-
parum to quinine and mefloquine in 1982 and 1984
suggests that there is a functional correlation between
both drugs, since only quinine was routinely
administered for the treatment of falciparum
malaria. Such a pattern is reasonable in view of the
structural similarity of the two compounds (Fig. 1).
In order to investigate the correlation further, the
divergence of the slopes of the regression lines was
analysed. The regression lines for quinine in 1982 and
1984 are not parallel within experimental error since
the slope function ratio (SR) is greater than the factor
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Fig. 3. In vitro response of Plasmodium falciparum
schizonts to mefloquine, Thailand, 1982 and 1984.



762 L. SUEBSAENG ET AL.

Table 2. Results of the in vitro microtests for inhibition of Plasmodium falciparum schizont maturation with quinine or
mefloquine in the four study areas, Thailand, 1982 and 1984

Study area

Chanthaburi Phetchabun Tak Yala

Parameter 1982 1984 1982 1984 1982 1984 1982 1984

No. of isolates 44 44 53 35 54 52 49 45
(44) (44) (53) (35) (54) (52) (49) (45)

Inhibition (in probits) 7.63088 6.47341 7.57343 5.94700 8.41156 6.55094 8.67167 7.28762
at 10-6 mol/lb (8.32616) (7.05178) (7.74502) (6.11004) (8.47353) (8.09786) (8.16923) (7.09142)

Slope bc 2.77631 2.63303 2.68310 1.92745 3.76027 2.60564 3.75687 3.02335
(3.22065) (2.20276) (2.91263) (2.45702) (4.04169) (3.43315) (2.46044) (3.15418)

Effective concentration (x 10-6mo1/l)
EC1 0.0164 0.0360 0.0149 0.0200 0.0298 0.0325 0.0253 0.0298

(0.0176) (0.0103) (0.0181) (0.0400) (0.0367) (0.0263) (0.0058) (0.0397)

EC50 0.1128 0.2757 0.1099 0.3226 0.1238 0.2540 0.1054 0.1751
(0.0927) (0.1171) (0.1142) (0.3535) (0.1382) (0.1252) (0.0515) (0.2172)

EC90 0.3266 0.8455 0.3300 1.4911 0.2714 0.7881 0.2311 0.4647
(0.2318) (0.4470) (0.3144) (1.1742) (0.2868) (0.2958) (0.1709) (0.5536)

EC95 0.4414 1.1616 0.4507 2.3014 0.3390 1.0864 0.2887 0.6129
(0.3006) (0.6534) (0.4190) (1.6502) (0.3528) (0.3773) (0.2401) (0.7217)

EC99 0.7771 2.1091 0.8092 5.1981 0.5147 1.9493 0.4385 1.0303
(0.4894) (1.3330) (0.7185) (3.1262) (0.5203) (0.5962) (0.4546) (1.1874)

Confidence limits for EC50 (x 10- 6 mol/l)
Upper 0.1336 0.3145 0.1427 0.4622 0.1553 0.3269 0.1367 0.2207

(0.1041) (0.1503) (0.1289) (0.4261) (0.1514) (0.1514) (0.0674) (0.2613)
Lower 0.0953 0.2417 0.0846 0.2252 0.0988 0.1777 0.0812 0.1390

(0.0826) (0.0912) (0.1011) (0.2933) (0.1262) (0.1036) (0.0394) (0.1806)
a Figures in parentheses are data for mefloquine.
b Expressed as probit for log (dose) = 0, with 10-6 mol/lI considered as basis for log(dose) =0.
' See footnote b on p. 760.

Table 3. Main parameters for the regression analysis of
sensitivity data for Plasmodium falciparum to quinine
and mefloquine, Thailand, 1982 and 1984

Quinine Mefloquine

Parameter 1982 1984 1982 1984

Slope function
(S) 2.02914 2.57974 2.02438 2.55315

Slope function
factor (fs) 1.03438 1.09094 1.11006 1.07051

EC50 0.1155 0.2432 0.1081 0.1704

Factor of ECFO
(fEC50) 1.08523 1.11762 1.16112 1.07610

of SR (fSR) (Table 3) (1 ).d This also applies to the
regression lines for mefloquine in 1982 and 1984. The
SR values for quinine and mefloquine are similar
(1.27135 and 1.26120, respectively), indicating that
both slopes changed to an almost identical extent in
1984 (Table 4). It is therefore not surprising that the
regression lines for quinine and mefloquine in 1982
and 1984 are almost parallel within experimental

d The slope function ratio (SR) is defined as the ratio of the slope
functions (S) in 1982 and 1984, where S = ECs4/EC5o+ ECso/EC16

2
The factor of the slope function ratio (fsR) is defined as

fsR = antilog/(log fs1)2 + (log fS2)2
where fs, = 1.96SEs5 and fs2= 1.96SEs2.
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Table 4. Comparison of parallelism of regressions for the sensitivity of Plasmodium falciparum to quinine and meflo-
quine, Thailand, 1982 and 1984

Quinine Mefloquine Quinine vs. Quinine vs.
mefloquine mefloquine

Parameter 1982 vs. 1984 1982 vs. 1984 (1982) (1984)

Slope function ratio (SR) 1.27135 1.26120 1.00235 1.01042
Factor of SR (NSR) 1.09787 1.12479 1.11600 1.11687

Result SR > fsR SR > fsR SR < fSRb SR < fsRb

a Regressions not parallel within experimental error.
b Regressions parallel within experimental error.

error (Fig. 4 and 5). The results shown in Tables 4 and
5 indicate that there was a significant reduction in the
efficacy of both quinine and mefloquine between
1982 and 1984 in Thailand, although this was more
marked for quinine.

Analysis on a regional basis indicated that the
regression lines for quinine and mefloquine in 1982
were parallel, within experimental error, and that the
same pattern was maintained in 1984. The efficacy of
quinine in 1984 was significantly lower than in 1982 in
all areas, and differences in the efficacy of meflo-
quine between 1982 and 1984 at the P< 0.05 level
were found in Phetchabun and Yala.

Variations between areas in relation to the degree
of reduction of quinine sensitivity arise because of the
extent of its use and the relative patient compliance

with the medication, since reduction in sensitivity
depends on the frequency of exposure of parasite
populations to non-lethal levels of the drug and on
subsequent transmission. The marked reduction of
quinine sensitivity in Phetchabun should be con-
sidered in this light since this area has the lowest drug
compliance and most restricted post-treatment
follow-up of patients. These factors are also reflected
in a relatively low level of health education of the
population in Phetchabun.
The pattern of changes in sensitivity to quinine and

mefloquine in Tak differs from that of the other
areas. Resistance to quinine in Tak began relatively
recently but has accelerated rapidly, and the com-
pliance problem is compounded by substantial occu-
pational and clandestine movements of population.
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Table 5. Comparison of parameters for the sensitivity of Plasmodium falciparum to quinine and mefloquine, Thailand,
1982 and 1984

Quinine Mefloquine

Parameter 1982 1984 1982 1984

EC50 0.1155 0.2432 0.1081 0.1704
LCL" 0.1064 0.2176 0.0923 0.1592
UCLb 0.1253 0.2718 0.1266 0.1824

EC90 0.2874 0.8249 0.2683 0.5703
LCL' 0.2619 0.7039 0.2193 0.5083

UCLb 0.3154 0.9667 0.3283 0.6398

EC50 1982/1984 UCL (1982) < LCL (1984)c UCL (1982) < LCL (1984) c

EC9, 1982/1984 UCL (1982) < LCL (1984)c UCL (1982) < LCL (1984) c

Lower confidence limit.
b Upper confidence limit.
c Difference significant at P<0.05.

CONCLUSIONS

The sensitivity of P. fakciparum to quinine de-
creased significantly between 1982 and 1984, although
to different degrees, in the four areas of Thailand in-
vestigated. The EC50 level doubled, and the EC9o
level tripled in the course of 2 years, while the mean
EC" level of 1984 (2.2340x 10-6 mol/l) is close to
the level at which a significant frequency of resistant
responses in vivo may be expected. Over the same
period, the sensitivity ofP. fakciparum to mefloquine
decreased (to a significant, though lesser extent),
although the drug was used only in clinical trials
involving a small number of patients who were cured
parasitologically. However, quinine, in association
with tetracycline, was extensively used for the routine
treatment of falciparum malaria, which is by now
resistant throughout most of Thailand to 4-amino-
quinolines and sulfadoxine-pyrimethamine. The
parallel regression plots for quinine and mefloquine,
despite a significant change in their slopes between
1982 and 1984, is a strong indication of common
sensitivity and resistance mechanisms.
The sensitivity to quinine decreased quite rapidly

under conditions of local drug pressure and trans-
mission intensity, and this can probably be ascribed to

its routine use in the treatment of P. falciparum infec-
tions. The drug regimen, requiring 8-hourly doses of
10 mg quinine per kg body weight for 3 days in
association with two or four daily doses of tetra-
cycline for 7 days, is associated with compliance
problems, usually within 3 days, once patients be-
come afebrile and asymptomatic and the side-effects
of the drugs become prominent. In Thailand a 3-day
course of quinine alone is now rarely curative, while,
due to side-effects, a prolongation to 7 days is not
feasible for outpatients. A regimen consisting of a 7-
day course of tetracycline and quinine would effect a
complete cure in most cases; however, such a regimen
is rarely completed, and this leads to a substantial
incidence of recrudescences. Single-dose treatment
with mefloquine avoids some compliance problems.
It appears that the loss of quinine sensitivity of
P. falciparum entails also a reduction in mefloquine
sensitivity, and we propose that the routine use of
quinine for the treatment of multiresistant falci-
parum malaria be abandoned in favour of a suitable
single-dose treatment, chosen such that it complies
with current WHO recommendations (3). This pro-
posal in no way changes the indications for the use of
quinine by intravenous infusion for the emergency
treatment of severe and complicated falciparum
malaria, where it remains the drug of choice.
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RtSUMt

SENSIBILITE DE PLASMODIUM FALCIPARUM A LA QUININE ET A LA MEFLOQUINE EN THAILANDE

La pharmacoresistance de Plasmodium falciparum pose
un important probleme en Thailande. La r6sistance a la
chloroquine et ult6rieurement a la sulfadoxine-pyrimetha-
mine ont rendu ces medicaments inefficaces pour le traite-
ment de routine. C'est pourquoi, depuis 1982, le programme
de lutte antipaludique utilise le sch6ma associant la quinine
et la t6tracycline pour traiter le paludisme a falciparum
confirm6 par l'examen au microscope. La quinine et la
m6floquine ont une bonne efficacit6 chez les malades hospi-
talis6s qui recoivent ces m6dicaments sous surveillance, mais
chez les malades ambulatoires, le taux de gu6rison avoisine
seulement 70% parce que le sch6ma th6rapeutique n'est pas
respect6, ce qui est un risque inherent aux sch6mas prolon-
g6s a doses multiples.
On a donc proced6, en 1982 et 1984, dans quatre r6gions

de Thailande caract6ris6es par des conditions 6pidemiolo-
giques diff6rentes, a une surveillance quantitative
rigoureuse de la r6ponse de P. falciparum a la quinine et a la
m6floquine, deux compos6s apparent6s par leur structure,
au moyen de l'6preuve d'inhibition de la maturation des
schizontes in vitro. Au total, 752 6preuves appari6es

(quinine et mefloquine) ont ete pratiqu6es, dont 400 en 1982
et 352 en 1984.
On a observe un parallelisme entre les courbes de

r6gression de l'inhibition de la maturation des schizontes
pour la quinine et la m6floquine, tant en 1982 qu'en 1984.
Toutefois, on a constat6 une diminution statistiquement
significative de la sensibilit6 a la quinine d'apres les valeurs
de la CEso et de la CE9o en 1982 et en 1984. Une diminution
semblable a 6galement ete not6e pour la mefloquine, mais
I'accroissement relatif des valeurs de la CEso et de la CE9o
etait moins marqu6 que dans le cas de la quinine. Ces r6sul-
tats sont int6ressants du fait que la mefloquine n'a pas ete
utilis6e op6rationnellement en Thailande avant 1985. Le
taux e1ev6 de rechutes cliniques pr6coces chez les malades
ambulatoires soumis au schema quinine-tetracycine est
probablement responsable de la diminution relativement
marqu&e de la sensibilit6 a la quinine chez P. falciparum,
lequel presentait une diminution parallele de la sensibilit6 a
la m6floquine. Ce traitement associ6 doit donc etre remplac6
par un sch6ma efficace a dose unique qui evite les problemes
poses par la non observance du traitement.
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