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Abstract. Drug resistance of malaria parasites is a major problem confronting efforts to treat and 
control malaria. Starting with chloroquine, the emergence of resistance to other drugs has led to multi
drug resistance patterns that pose increasing threats for the future. This report reviews work carried out 
over the past decades at the Hospital for Tropical Diseases, Bangkok, which monitors patients from many 
areas, including the Thai-Cambodian border, which harbors the world's most severe multi-drug resistant 
Plasmodium Jalciparum. 

INTRODUCTION 

Malaria still remains a major health problem 
of the world, particularly in the tropics. At 
present, it affects more than 200 million indivi
duals and has a mortality of 1-2 million each year. 
The number of malaria cases in Southeast Asia 
has been increasing since the mid 1970s in spite of 
control programs. Failure to control the disease, 
death and the deteriorating malaria situation are 
due mainly to emergence of drug resistance of 
Plasmodium Jalciparum. Failure of vector control 
is also a contributing factor. 

DEFINITION OF RESISTANCE 

OF HUMAN MALARIA TO DRUGS 


Drug resistance in malaria is defined as the 
"ability of a parasite strain to survive and/or to 
multiply despite the administration and absorp
tion of a drug given in doses equal to or higher 
than those usually recommended but within the 
limits of tolerance of the subject". Although this 
definition can be extended to all species of malaria 
parasite and all useful dosages of blood or tissue 
schizonticides, gametocytocides and sporon
ticides, in practice it is most commonly applied 
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to the resistance of P. Jalciparum to the blood 
schizonticides, in particular the 4-aminoquino
lines. 

SPECTRUM OF RESPONSE OF MALARIA 
PARASITES TO DRUGS IN VIVO 

The response of the parasites to antimalarials 
ranges from a low level of resistance with a loss of 
effect demonstrable only by occasional recrudes
cence (RI), to a high level of resistance at which 
the drug apparently has no suppressive effect on 
parasites (RIll) and results in severe malaria in
fections. In 1967, the WHO Scientific Group on 
Chemotherapy of Malaria proposed an arbitrary 
grading system based on the response to normally 
recommended doses of chloroquine, a slightly 
amended version of which is presented in Table I. 
This grading is also used for other blood schizon
tocides and other species of human plasmodia but 
modification may be required for each drug on 
the basis of speed of action, half-life and the bio
logical characteristics of the plasmodium species, 
eg the follow up period for chloroquine quinine 
or artemisinin derivatives should be 28 days but 
for mefloquine should be 42 days. The suggested 
grading system is based on the locally current 
threshold of microscopic patency of parasitemia. 
Parasites may persist in the blood in the absence 
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of fever if the parasitemia patency threshold for 
fever is high. This is fequently found in patients 
with semi-immunity who have been living in high
ly endemic areas. With RI or even RII parasitolo
gical response, the patients are usually relieved 
from symptoms. However, clinical response be
comes parallel to parasitological response when 
there is no immunity. 

Although there is some disagreement about the 
application of the criteria to a drug with a very 
long half life such as mefloquine, and a very short 
one such as artemisinin derivatives, the grading 
system is still generally used for the purpose of 
comparison of drug efficacy. 

IN VITRO SENSITIVITY 

Attempts have been made to predict the in vivo 
response to a drug, on the basis of in vitro find
ings. It is likely that the in vivo response to a 
specific drug can be predicted with a certain 
amount of confidence on the basis of extensive 
comparative in vitro-in vivo studies caried out in 
nonimmune patients. 

In the late 1960s, a simple in vitro test was 
developed to assess the susceptibility of P Jalcipa
rum to chloroquine and other antimalarial drugs 
by using 10-12 ml of venous blood (macro-test). 
This test measures the extent to which the matura
tion of ring forms to normal schizonts is inhibited 
after the incubation of parasitized blood at 
various drug concentrations for a period of 24-30 
hours (Rieckmann et aI, 1968). In this short-term 
culture system, a marked difference in the matura
tion of sensitive and resistant parasites is observed 
in the presence of drug plasma levels comparable 
to those observed after administration of the drug 
in vivo. Early studies showed that this technique 
was a quick and reliable method for estimating 
the presence, prevalence or degree of chlorquine 
resistance under field conditions. After considera
ble work, quite a number of in vitro tests have 
been developed. The "micro-test" (Rieckmann et 
aI, 1978) has been evaluated quite extensively and 
is widely used to study the effects of antimalarial 
drugs and drug interactions. The correlation 
between in vivo and in vitro sensitivity tests has 
been established for some antimalarials eg quinine 
(Chongsuphajaisiddhi et aI, 1981). However, the 
establishment of drug resistance should be con

firmed in patients with adequate drug absorption 
and drug level in the blood (Karbwang et aI, 1991 
a,b). In vitro drug sensitivity tests are useful for 
epidemiological surveys, monitoring of drug re
sponse and prediction of resistance. 

In the past decade several in vitro tests have 
been developed, namely modified "48-hour test" 
(Nguyen-Dinh and Payne, 1980), "semi-automa
ted test", "visual micro-test" (Rieckmann, 1982) 
and "hypoxanthine incorporation test" (Desjardin 
et aI, 1979; Webster et aI, 1985). 

EMERGENCE OF DRUG RESISTANCE 

The earliest description of drug resistance 
dates back to 1910 when resistance of P Jalcipa
rum to quinine was reported from Brazil (Nocht 
and Werner, 1910). Resistance to dihydrofolate 
reductase inhibitors such as pyrimethamine was 
noted soon after their introduction at the end of 
the Second World War. However, resistance to 
these drugs was of little consequence as other 
synthetic antimalarials were readily available 
and effective. Drug resistance became a major 
problem with the appearance of resistance in P. 
Jalciparum to the most potent and widely used 
synthetic antimalarial drug, chloroquine. The first 
evidence came almost simultaneously from Co
lombia, in South America and Thailand, in 
Southeast Asia in the late 1950s (Moore and 
Lanier 1961; Young and Moore 1961; Harinasuta 
et aI, 1962). 

THE SPREAD OF CHLOROQUINE 

RESISTANT P.FALCIPARUM 


Chloroquine resistant RJalciparum in 
Thailand, first observed in an area near Cambo
dia in late 1950s, spread to the whole country 
within a decade. 

It then spread in all directions, through South
east Asia, South Asia, the Western Pacific and 
Africa while from Colombia it spread to the 
whole of Central and South America with the 
exception of Argentina, Paraguay and Peru which 
have practically no falciparum malaria. 

Assuming that all the chloroquine-resistant 
parasites encountered in Asia, the Western Pacific 
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and Africa have originated from the primary 
focus in Thailand some 30 years ago, the spread 
has occurred through walk-over carriage of 
gametocytes from village to village, seeding local 
anophelines along the way or over long distances 
transfered by air, road, rail or ship. It appears that 
the periphery of the zone of resistance is con
stantly expanding, its parasite population com
posed of RI grade pressing out into the suscepti
ble (S) grade parasite surroundings. These RI 
gametocytes hybridize in the mosquito with indi
genous S gametocytes, both types having been 
picked up by the mosquito in a split feed or from a 
polyclonal carrier. If transmission conditions are 
favorable, an RI foCus develops. Meanwhile, the 
central hardcore part of the zone of resistance is 
changing, losing its S strains through hybridiza
tion or selection and shifting in character progres
sively towards RIll. Intermediate zones between 
the periphery and the center are occupied mainly 
by RI and some RII strains, with a small residue 
of S on the verge of extinction. Such free hybridi
zation occurs because several strains of parasite 
may coexist in an individaul host, all producing 
gametocytes picked up together by a feeding mos
quito. Unless some dramatic intervention occurs, 
it is only a matter of time until these expanding 
hardcore areas meet and merge, consigning whole 
districts, countries or regions to the dominace of 
increasingly resistant grades of Pfalciparum, 
posing a serious probleIl1' 

There is yet another factor. The level of in
digenous P. Jalciparum sensitivity to chloroquine 
is gradually changing in areas remote from the re
sistant foci on a locally selective basis. Retrospec
tive analysis of chloroquine treatment regimens in 
East Africa reveals that during the past 25 years 
the dosages needed to clear parasitemia have 
steadily risen. Between 1953 and 1980 the quantity 
of chloroquine necessary to clear 50% of tropho
zoites in children has increased from 1 to 3.5 mg 
(base)/Kg and, to clear 99.9%, from 2.5 to 15 mg 
(base) I Kg. These findings raise the question of 
whether or not this decrease in susceptibility indi
cates that the East African strains of Pfalciparum 
havl;.- acquired RI resistance on their own. It may 
be asked if such apparent acclimatization to drug 
pressure has been accomplished by the mechanism 
of parasite adaptation or of mutation. It would 
appear that adaptation is involved for each stage 
of resistance, and mutation is necessary for the 
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parasite to become resistant. The level of tole
rance of these strains would level off until such 
time as (a) a mutation occurs locally to produce 
an indigenous resistant parasite, or (b) a resistant 
strain is introduced and hybridizes with local sen
sitive strains. East Africa is only an example, it is 
quite possible that similar changes have occurred 
in other parts of the world where chloroquine was 
used extensively through primary health care and 
community volunteer distribution agencies. The 
necessity to try to protect a new antimalarial such 
as artemether or artesunate from the same fate is 
incumbent upon all of us. 

EFFICACY OF OTHER ANTIMALARIALS 

Amodiaquine 

Amodiaquine resitance was thought to be 
parallel to the distribution of chloroquine re
sistance; however, studies in Thailand (Noeypati 
manond et ai, 1983; Looareesuwan et ai, 1985) 
Colombia, Tanzania and Kenya (Watkins et ai, 
1984; WHO, 1984) revealed that the sensitivity to 
amodiaquine was superior to chlorquine, but a 
study carried' out at the Bangkok Hospital for 
Tropical Diseases in 1986 showed no superiority 
(Bunnag, 1986, unpublished data). In some areas, 
such as the Philippines (Watt et ai, 1985) and 
Pakistan (Khalig et ai, 1987), amodiaquine and 
chloroquine have been shown to be equally inef
fective. Furthermore, the potential toxicity of 
amodiaquine leading to agranulocytosis limits its 
use for the treatment of malaria (Hutton et ai, 
1986). 

Sulfadoxine/pyrimethamine 

The combination of sulfadoxine (PABA inhi
bitor) with pyrimethamine (dihydrofolate reduc
tase inhibitor) has been shown to potentiate anti
malarial activity and produce radical cure of ma
laria infections. This combination was effective 
when it was first introduced in late 1960s as a 
single dose treatment for acute uncomplicated fal
ciparum malaria (Harinasuta et ai, 1967). Paren
teral sulfadoxine/pyrimethamine was effective in 
acute uncomplicated and severe falciparum mala
ria in 1971 (Harinasuta et ai, 1988). Over the 
years, resistance has developed in many parts of 
the world. Increasing failure rates were reported 
from Colombia, Brazil, Venezuela, Indonesia, 
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Malaysia, Papua New Guinea, Kenya (WHO, 
1984), Myanmar and Thailand (Chongsuphajai
siddhi and Sabchareon, 1981; Pinichpongse et ai, 
1982; Reacher et ai, 1981; Bunnag and Harinasu
ta, 1986). In some parts of Thailand, it is totally 
ineffective. 

Quinine 

The earliest documentation of quinine resis
tance was from Brazil (Nocht and Werner, 1910) 
where quinine 25.5 gm base given over 21 days 
was ineffective in curing the infection. Increased 
quinine resistance was reported from several parts 
of the world such as Tanzania (WHO, 1984), 
Vietnam (Hall, 1972) and Thailand (Bunnag and 
Harinasuta, 1986; Chonsuphajaisiddhi et ai, 1983; 
Pinichpongse et ai, 1982); however, most of the re
sistance is at the RI level. During the past decade 
minimal inhibitory concentrations (MIC) of qui
nine for P.Jalciparum parasites have risen especi
ally on the Thai-Cambodian and Thai-Myanmar 
borders. In this situation and in severe malaria, a 
loading dose of 20 mg of quinine dihydrochloride 
per kg body weight and maintenance dose~ of 
10 mg per kg given every 8 hours are required 
(White et ai, 1983). Persistent parasltemias after a 
·Ioading dose of quinine treatment are not uncom
mon (Looareesuwan et ai, 1990). It was observed 
that the MIC of quinine must be maintained for 
seven day to effect radical cure of P .Jalciparum 
infections (Chongsuphajaisiddhi et ai, 1981). 
Since it takes two to three days to achieve steady 
state plasma levels of quinine when 10 mg/kg is 
given orally at 8 hours intervals, quinine must be 
given for at least seven days. In Thailand the cure 
rate of quinine dropped to 73% in 1986; tetracy
cline was then added and the cure rate rose to 
100% (Bunnag et ai, 1986). This is due to higher 
plasma quinine concentrations (Karbwang et ai, 
1990). A recent study revealed a cure rate of only 
90% (Looareesuwan et ai, 1992a). The cure rate 
has declined slowly. In children in whom 
tetracycline is contraindicated, increasing the dose 
of quinine (15 mg/kg) at a time when quinine 
clearance was accelerated (the second half of the 
treatment period) improved the cure rate (Chong
suphajaisiddhi et ai, 1983). 

Quinidine 

Quinidine, the diastereoisomer o~ quinin:, has 
a lower MIC for P.Jalciparum In ThaIland 

(Bunnag et ai, 1987a). It is as effective as or 
perhaps more effective than quinine for the treat
ment of falciparum malaria. Open studies of oral 
quinidine sulfate and parenteral gluconate in 
acute uncomplicated and severe falciparum pa
tients in Thailand showed quinidine to be effective 
(White et ai, 1981; Phillips et ai, 1985; Druilhe et ai, 
1988; Bunnag et a11987b; Sabchareon et ai, 1988). 
A randomized clinical trial of quinine versus qui
nidine treatment for 5 days in acute uncompli
cated falciparum malaria revealed a significant 
higher cure rate in the quinidine-treated group 
(25% vs 61%; p<0.05, Suntharasamai et ai, 1984). 
The combination of 3 cinchona alkaloids consist
ing ofone-third each ofquinine, quinidine, al!d cin
chonidine in both adults and children suffering from 
acute uncomplicated falciparum malaria was also 
effective (Bunnag et ai, 1989; Chongsuphajaisid
dhi et ai, 1987; Karbwang et ai, 1992a). Quinidine 
slow release at a dosage of 19 twice daily for 7 
days yielded a cure rate of 100% (Bunnag et al 
1987b). However cardiovascular side effects were 
found more frequently with quinidine than qui
nine. Quinidine is not used for treatment of mala
ria in Southeast Asia where quinine is available. 

Mefloquine 

Mefloquine, a synthetic 4-quinolinemethanol, 
was developed by the US Army antimalarial drug 
development program. It has been registered in 
some countries in Europe since 1985. It was 
thought to be an ideal antimalarial. It has a long 
half-life of 25-30 days, therefore it is administered 
as a single oral dose. Its action is rapid and it is 
effective against all species of human malaria 
parasites, including chloroquine-resistant and 
quinine resisant P .Jalciparum (Harinasuta et al 
1983, 1977, 1990). In an effort to delay develop
ment of resistance to mefloquine, the World 
Health Organization and F Hoffmann La Roche 
Ltd Basel, Switzerland advocated the combina
tion of mefloquine and sulfadoxine-pyrimetha
mine (Fansimef®). The combination has been re
gistered by this trade name in Thailand since 
1984. The evidence that the combination could 
delay development of resistance came from 
studies using a mouse model (Peter and Robin
son, 1984) and an in vitro study (Brockelman et al 
1989) which have not been generally accepted. 
A clinical trial conducted in Thailand in 1983-84 
showed high efficacy of Fansimef® (Harinasuta 
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Table I 

Grading of resistance of asexual parasites (P.falciparum) to blood schizontocidal drugs (in-vivo test) 

Response Recommended Evidence 

symbol 


Sensitivity S 	 Clearance of asexual parasitemia within 7 day 
of initation or treatment, without 
subsequent recrudescence 

Resistance RI 	 Clearance of asexual parasitemia as in sensitivity, 
followed by recrudescence 

RII 	 Marked reduction of asexual parasitemia, 
but no clearance 

RIll 	 No marked reduction of asexual parasitemia 

et ai, 1987). The combination has not delayed the 
development of resistance (Thimsarn et ai, 1990). 
Furthermore, severe adverse effects have resulted, 
presumably from the sulfadoxine component 
when the combination was used for malaria pro
phylaxis (Miller et ai, 1986), favoring the use of 
mefloquine as a single component. Treatment fai
lures have been reported in many parts of the 
world. A higher dose of mefloqine (25 mg/kg) 
given in 2 divided doses 6 hours apart, achieved a 
cure rate of 69% iI? 1988-89 which equals to 3 

tablets of Fansimef® on the Thai-Cambodian 
border (Bun nag and Harinasuta, unpublished 
data). The reduction of cure rates of mefloquine 
and Fansimef® is shown in Tables 2 and 3. In chil 
dren, mefloquine alone, in doses ranging from 18 
to 25 mg/kg, has also shown a decrease in cure 
rates from 98% in 1986 to 73% in 1990 (Chongsu
phajaisiddhi et ai, 1987; Nosten et ai, 1991). 

Halofantrine 

Halofantrine, a phenanthrine methanol, is a 
product of the US Army antimalarial drug de
velopment program and has been co-developed 
for marketing by Smith Kline Beecham Pharma
ceuticals. It has been shown in initial studies to be 
effective against multidrug resistant P .falciparum 
both in Thailand (Boudreau et ai, 1988; Chit
chang and Wongteptein, 1989) and Africa (Wat
kins et ai, 1988; Wirama et ai, 1988). However, 
studies in Thailand in 1988 and 1991 showed that 

halofantrine (l,500 mg given in three devided 
doses at 6 hours apart) cured only 30%-70% even 
though this drug had not been widely used (Bun
nag et ai, 1990; Shanks et ai, 1992; Timasarn, 
unpublished data). The low cure rates are due to 
inadequate absorption (Karbwang et ai, 199Ic). 
Halofantrine is absorbed well when taken with a 
meal (Shanks et ai, 1992), but that is difficult to 
accomplish during the acute phase of malaria. 

Qinghaosu (artemisinin) derivatives 

Qinghaosu, a sesquiterpene lactone peroxide, 
extracted from leaves and flowers of the qinghao 
plant (Artemesia annua L., sweet wormwood, 
annual wormwood), has been used in Chinese 
traditional medicine for more than 2000 years 
(Klayman, 1985) to treat chills and fever, pro
bably malaria. The active constituent, artemisin
in, was isolated in 1972. Qinghaosu derivatives are 
very effective in killing young blood forms of the 
parasites; however, recrudescent rates are high 
(Juang et ai, 1981; Li et ai, 1984, Arnold et al 
1990; Bunnag et ai, 199Ia,b,c; Looareesuwan et 
ai, I 992b). Attempts have been made to reduce 
the high recrudescent rates by increasing the dose 
and / or lenghtening the period of drug administra
tion or using drug combinations. Artemisinin and 
mefloquine have been shown to be synergistic in 
vitro and in animal malarias (Chawira et ai, 
1987a,b). Two dervatives, artemether and artesu
nate are now widely used. Other qinghaosu deri-

Vol 23 No 4 December 1992 625 



SOUTHEAST ASEAN J TROP MED PUBLIC HEALTH 

Table 2 

Efficacy of aQtinala~l drugs fOf. the tr.eatment of P. /alcipanun malaria at the Bangkok 

Hospital for Tropical Diseases, Thailand during 1978-1989. 
 Table 3 


Efficacy of antimalarials in children 


Year Regimen 

S("1o) 

Response % 

RI(%) 

Regimen No.of 
patients S 

% Response 

RI RII Rill 

1978-1979 CQ1.5 15 47 CQI.5 25 4 44 28 24 
SP, 3S 53 SP, 30 77 17 0 
Q7 94 6 SP2CQ1.5 23 66 26 

1979-1980 SP, 18 23 SPQ 3 31 68 29 
SP, 22 63 SP2Q5 32 91 9 0 

1980-1981 
Q7 
SP, 

86 
6 

14 
45 

SP, 
SP, 

27 
18 

7 

" 
15 
89 

63 
39 

15 

" Mt, 54 SP1Q5 23 " 44 0 
Q7SPl 76 24 Q7 28 75 21 
M, 100 Q7SP] 26 62 38 
M, 93 Q4 + Q3 23 87 13 

1981-1984 
M, 
CQ1.5 

95 
0 39 

M 17-33 mglkg 
MSP 7.1-12.5 mg 

82 
33 

98 
91 

2 
9 

CQ1.5T7 75 10 ofM/kg 
SP]T7 75 25 MSP \5.2-\7.9 mg 38 97 
QTr7 99.5 0.5 ofM/kg 
Qd7 99.5 0.5 MSP 18.1-23.0 mg 19 95 
QdSr7 IOU 0 ofM/kg 
MSP] 63 37 MSP 23.3-33.3 mg 27 100 
MSP2 93 7 ofM/kg 
MSP] " 2 Q4{)4 25 92 

1985-1986 
M, 
OQdCn400 IV 

80 
85 

20 
15 

Q7E7 
Q7 

2R 
30 

93 
57 37 

1985-1986 
CCdCn600 IV 
QQdCn400 

IOU 
67 

0 
33 

QQdCn7* 
QQdCn7*' 

30 
30 

70 
97 

30 
3 

QQdCn600 100 0 Q7 31 74 23 
M, 86 " Qd7 30 87 13 

1986-1987 
MSPl 

Q7 
81 
73 

16 
27 

QQd7 
Q4+Q4 

30 
19 

87 
90 

13 
10 

19S7-1988 
QQdCn500 
Q7600 

83 
90 

17 
10 

Q7E7 17 94 

QST? 88 12 
QTr7 100 

1988-1989 QTr7 93 
M, 66(SI)t 21 
M, 
MSP, 
Q7T7 
H 2 x 3 (E) 

M) + 1 

76(69)' 
79(69)' 

93 
56(29)' 
84(79)* 

20 
17 
7 

36 
12 

velopment is intended for 
severe malaria. 

use in treatment of 

). = Thai-Cambodian border (Eastern part of Thailand) 

Artesunate 

Aml.5T7 = Amodiaquine 1.5 g in 48 hours together with tetracycline 250 mg q.i.d. for 7 days Artesunate is the sodium succinyl salt of 
CQI.5 = Chloroquine 1.5 g base in 48 hours 
CQI.5TI = artemisinin formulated either as tablets (50 mg taCh1oroquine 1.5 g base in 48 hours together with tetracycline 250 rng q.i.d. for 7 days 
SP, = SP (Fansid~) 2 labs, single dose (I tab = Sulfadoxine 500 mg + Pyrimethamine 2S rng 
SP, = SP 3 tabs, smgle dose blet) or as a dry powder of artesunic acid for in
SP1T7 = SP 3 tabs together with tetracycline 250 mg q.i.d. for 7 days 
Mt, = Metakelfin 2 tabs (I tab = sulfalene 5()() mg + pyrimethamine 25 mg) single dose 
Q7 = Quinine 5()() mg base (in children = 10 mg base. kg- I t.i.d. for 7 days) jection (supplied in a 60-mg vial with an ampoule 
Q7600 = Quinine 600 mg base t.i.d. for 7 days 

Q7SP] = Quinine500lIl8base(inchildren = IOmgkg-J)t.i.d.for7daystogetberwithSP(Fal\llidar<®) 
 of 5% sodium bicarbonate I ml). The powder is 

3 tabs 
Q5T7 = Quinine 5()() rng base Li.d. for 5 days together with tetracycline 250 mg q.i.d. for 7 days dissolved in the sodium bicarbonate and then 
QTf7 = Quinine 5()() mg base t.i.d. ~or 7 days together with tetracycline 250 mg q.i.d. for 7 days 
Qd7 = Quimne sulphate 500 rng 1.l.d. for 7 days diluted in I ml of normal saline and must be used 
QQdCn7 = Combinationorquinine + quinidine + cinchonine(FalcimallTM)( I /3 +113 + 1/3) 5()() mg 

t.i.d. for 7 days 
QQdCn400 = C.ombination of quinine + quinidine + cinchonine ( 1/3 + il/3 + 113) 400 rng within 3 minutes, by intravenous or intramuscular 

t.J.d. for 7 days 
QQdCn600 = Combination of quinine + quinidine + cinchonine (1/3 + 1/3 + 1/3) 600 rng injection. Artesunate is manufactured by Guilin 

!.i.d. for 7 days 
M = Melloquine I tab = 250 mg base (Lariam®) No.2 Pharmaceutical Factory, Guangxi, China. 
M, = Melloquine 2 tabs = 500 mg base (Lariarn®) 
M, = Mefloquine 4 tabs = 1,000 rng base (lariarn®) It has rapid antimalarial activity with the clea
MSP = MSP3 tabs = M750mg + S 1,500mg + P75mg 
Ml + 1 = Melloquine 750 rng (3 tabs) followed by 500 mg (2 tabs) 6 hours later rance of over 90% of parasitemias in 24 hours
H 2 x 3 = Halofantrine 2 tabs (I tab = 250 mg) every 6 hours for 3 doses 
D-B·R = Double Blind Randomised 
IV = Intravenous after initiation of treatment (Li et aI, 1982; Bun

nag et aI, 199Ia,b,c; Looareesuwan et al,1992b,c). 
Modified from Runnagand Harinasuta, 1986. 

However, the recrudescent rates were high, up to 
100% depending upon the dose and duration ofvatives include artemisinin available as capsules 
treatment. A recent study in Thailand showedof powder for oral use or as suppositories, arte
that oral artesunate at a total dose of 600 mgether, formulated in sesame oil under develop
given over 5 days had a cure rate of 88-90% (Bunment as part of a TDR-financed collaborative re
nag et al 199 I a,b,c; Looareesuwan et ai, 1992b)search program with the Walter Reed Army In
but the efficacy increased in both acute uncomplistitute of Research, and artelinic acid, a water 
cated and recrudescent fa\Ciparum malaria infecsoluble compound under development by the 
tions when mefloquine was added (LooareesuwanWalter Reed and F Hoffmann-La Roche Ltd 
et aI, I 992b,c). Both oral and parenteral preparaBasel). Currently arteether is undergoing a phase I 
tions of artesunate are licensed in Thailand. Toclinical trial in the Netherlands and a phase II 
reduce the high recrudescent rate, combination ofclinical trial is being planned. The arteether de
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artesunate with other antimalarials is being inves
tigated. 

Artemether 

Artemether (60 mg ampoule) is the methyl 
ether derivative of artemisinin formulated in 
peanut oil for intramuscular injection and licen
sed in Thailand. Artmether is manufactured by 
Kunming Pharmaceutical Factory, Kunming, 
China. Oral artemether tablet and capsule of 50 
mg) is undergoing clinical trial in Thailand. As 
with artesunate, the parasite clearance is rapid, 
over 90% clearance of parasitemias in 24 hours 
after initiation of treatment (Bunnag et ai, 1991 a; 
I 992a,b; White et ai, 1992; Karbwang et ai, 
I 992a,b,c). Unfortunately, the recrudescent rate 

No of cases (Thousand.) 
500,---------------------------------~ 

Fig I- Malaria cases and parasite species Thailand. 

(Malaria Division, Department of Communica
ble Diseases Control, Ministry of Public Health, 
Bangkok, Thailand.) 
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Fig 2- Proportion of P.falciparum and P. vivax in 
Thailand. 

Malaria Division, Department of Communica
ble Diseases Control, Ministry of Public Health, 
Bangkok, Thailand. 

was also high. Artemether in combination with 
other antimalarials is under study in Myanmar 
(Naing et ai, 1988; Shwe et ai, 1988, 1989) and 
Thailand. 

CURRENT STATUS OF DRUG 

RESISTANCE IN THAILAND 


Fig I shows the number of malaria cases in 
1972 to 1991; The malaria cases increased since 
the early 1970s when Pfalciparum resistance to 
chloroquine became severe. Fig 2 shows the per
centage of Pfalciparum and P. vivax. Whenever 
P falciparum was sensitive to the blood schizonto
cide used, the number or percentage offalciparum 
malaria cases decreased and whenever Pfalci
parum became resistant to the blood schizonto
cide used the number or percentage of falciparum 
malaria cases increased. 

In Thailand, monitoring of efficacy of antima
larial drugs has been carried out in the hospitals 
and in the field. The results are shown in Tables 2 
and 3. It is obvious that Pfalciparum in Thailand 
developed resistance to all kinds of blood schizon
tocides; the longer the half life of the drug the 
sooner the parasite develops resistance to the 
drug. Thus the t l12 of chloroquine, mefloquine, 
sulfadoxine and pyrimethamine are about a 
month, 3 weeks, 200 hours and 80 hours, respec
tively; the shorter the t l12 of the drug the longer 
time the parasite takes to develop resistance, eg 

quinine whose t l12 is 11-16 hours. It is hoped that 
it would take a long time for Pfalciparum to 
develop resistance to artemisinin and its deriva
tives as their half lives are very short. 

RESISTANCE OF PLASMODIUM VIVAXTO 
CHLOROQUINE 

Recently, there have been reports from Indo
nesia and Papua New Guinea of chloroquine re
sistant strains of P. vivax (Schwartz et ai, 1991; 
Gerrit et ai, 1992). However, confirmation in well
designed studies is needed, as relapse in vivax ma
laria can be confused with recrudescence. Regard
less, chloroquine is still effective for the treatment 
of P.malariae and P.ovale. In Thailand P. vivax is 
sensitive to chloroquine; a single dose of 300 or 
450 mg base of chloroquine can clear parasitemia 
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within 4-5 days (Harinasuta, unpublished data). Resistance to PABA competitors 

MECHANISM OF DRUG RESISTANCE 

A number of different mechanisms theoreti
cally can account for changes in drug sensitivity: 
physiological adaptation, selection of mixed sensi
tive and resistant parasite populations, spon
taneous mutation and subsequent selection of re
sistant in gene expression; introduction of resis
tance transfer factors or other plasmids. Spon
taneous gene mutation is considered to be the 
most likely mechanism for Plasmodium species, 
though other factors also playa role. Subcurative 
blood levels of drug tend particularly to encou
rage the survival of tolerant strains of parasites 
whose mutation to drug resistance may thereby be 
facilitated. Drug pressure may occur in both the 
human and the mosquito hosts, especially with 
slowly-excreted drugs. Chloroquine is retained in 
mosquito tissues after a blood meal taken from a 
chloroquine-treated person, and this exerts drug 
pressure on the sporogonic phase, contributing to 
development of resistance. 

Mutations may be one-step, where total sensit
ivity is replaced by RIll resistance in a single step, 
or multi-step where each successively higher drug 
resitance level requires a different mutation for re
sistance to develop up to that level. Linked paris 
or groups of mutations may occur together, acce
lerating the process of multi-step mutations. 

The mutation rate for P. vivax appears to be 
lower than that of P. Jalciparum and P. vivax den
sities are also much less, thus fewer mutant or
ganisms will be avaible for selection under drug 
pressure during a given infection. 

Resistance to dihydrofolate reductase (DHFR) 
inhibitors 

The mechanism of resistance to antifolates, 
pyrimethamine, proguanil and cycloguanil in 
Pfalciparum is due to mutations within the di
hydrofolate reductase (DHFR) gene. The muta
tions cause the enzyme to be less susceptible to 
inhibition by the drug. The activity of pyrimetha
mine in P falciparum is decreased because of lesser 
affinity of the parasite DHFR to pyrimethamine. 

The sulphones and sulphonamides act at an 
earlier stage of folate synthesis than do the DHFR 
inhibitors, being conpetitive antagonists of para-
aminobenzoic acid (PABA). Their molecules 
mimic PABA in structure and compete with it for 
the enzyme, dihydropteroate synthetase, that is 
responsible for coupling pteridine to PABA and 
forming dihydropteroate (the direct precursor of 
.dihydrofolate). Resistance to this process has 
developed as a one-step mutation in experimental 
rodent malaria. With respect to Pfalciparum. 
there are numerous reports of resistance, particu
larly to sulfadoxine. It must not be overlooked, 
however, that some alleged cases of resistance re
present drug failure due to abnormal metabolism 
of sulfonamides. Parasite transfer studies in 
volunteers showed that failure to clear parasite
mia was not attributable to the parasite, but to 
human metabolic activity in rapidly acetylating 
the drug, resulting in rapid urinary excretion or in 
excessive binding to plasma protein from which 
the drug is subsequently released in small quanti
ties over a prolonged period of time. In pathologi
cal conditions where plasma protein levels are 
raised, it is evident that more will be avilable to 
bind the drug. 

The mechanism of resistance has been sug
gested to involve the parasite's ability to use an 
alternative pathway of obtaining folate precursor, 
bipassing PABA-utilisation, and thus circumvent
ing the drug which is a PABA-analog. 

Resistance to chloroquine 

Many studies have shown chloroquine resis
tant strains of P falciparum to be able to accumu
late chloroquine in lesser amounts tlian sensitive 
ones. Nevertheless, the rate of uptake of chloro
quine into the parasites has been demonstrated to 
be similar between sensitive and resitant strains. 
However, the effiux of chloroquine in resistant 
strains was shown to be 40-80 times greater than 
in sensitive strains. This effiux of chlorquine can 
be inhibited by verapamil and upon this inhibi
tion, there is a reversal of chlorquine resistance. 
The concentration of verapamil required to re
verse chloroquine resistance is similar to that re
quired to reverse the multidrug resistance (MDR) 
phenotype of mammalian tumor-cells. Tumor 
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cells of the MDR phenotype express a P-glycopro
tein which acts as an energy dependent drug effiux 
pump. These cells appear to be cross-resistant 
because the P-glycoprotein pump transports phar
macologically unrelated compounds, the pheno
type is thus termed multidrug resitance. It has 
been shown that the MDR gene is amplified in 
some but not all chloroquine resistant strains of 
Pfalciparum and not in sensitive strains. The 
MDR gene in Pfalciparum has also been found to 
encode a P-glycoprotein. Overproduction of 
P-glycoprotein was found in some chloroquine re
sistant parasites in which strains these is a greater 
effiux of chloroquine than in sensitive strains. 

Cross-resistance 

The mode of action of chloroquine, quinine 
and mefloquine seems to be similar and cross-re
sistance between these drugs may exist. However, 
acquisition of chlorquine resistance by a parasite 
does not imply resistance to quinine or meflo
quine. Nevertheless, it may predispose the para
site to resistance to these drugs or resistance to 
these drugs may be genetically linked to chloro
quine resistance. 

MEASURES TO COMBAT DRUG 

RESISTANCE 


Limiting use of drug 

The major obstacle to limiting the use of anti
malarial drugs is their ready availability on the 
open market. It is probably a counsel of perfec
tion to suggest that antimalarial drugs should 
only be imported and supplied through national 
health authorities. At least, governments should 
be able to control the distribution and/ or sale of 
antimalarials in affected countries. Unfortunately 
drug control is rarely exercised in the developing 
countries, even if laws exist for this purpose. 
While it is certainly too late to do much to manage 
the use of existing antimalarial drugs, every effort 
should be made to restrict the importation and 
distribution of new compounds that become avai
lable. If this is not done, it is quite certain that 
new compounds will meet the same fate as the 
older ones, and in a short they will be rendered 
obsolescent by the emergence of resitant parasites. 

The current fate of Fansidar' in Thailand is a case 
in point. 

Prevention of spreading of resistance 

In relation to prevention of spreading of drug re
sistance, the complementary use of primaquine 
together with blood schizontocides is probably 
the most valuable measure that can be taken since 
this compound is equally effective upon the game
tocytes, of drug-resistant and drug sensitive Pfal
ciparum (Harinasuta, unpublished data). A dose 
of 30 mg base in adults weekly for 3-4 weeks is 
sufficient for this purpose. 

Drug monitoring 

In order to be forewarned of any possible 
change in the drug response pattern in a given 
area, to interpret its significance and to plan and 
implement appropriate operational responses, it is 
necessary to establish baseline data and an effec
tive monitoring system. Such a system should mo
nitor the sensitivity status related to all opera
tional and advanced candidate blood schizontoci
dal drugs and be based on the use of in vitro and in 
vivo methods, and pharmacokinetic studies, if 
possible. The development of standardized me
thods of in vivo and in vitro tests for drugs other 
than 4-aminoquinolines, the provision of stan
dardized material, and the establishment of thres
hold levels of in vitro response as related to in vivo 
response require urgent attention. In Thailand, 
such tests are done at national, institutional and 
community levels. Nationally, the Malaria Divis
ion, Department of Communicable Diseases Con
trol, Ministry of Public Health has monitored pa
rasite sensitivity using mainly in vitro methods for 
the last decade in the field in scattered around the 
Thai-Combodian border, the Thai-Myanmar bor
der and other endemic areas all over the country. 
At the institutional level, at the Bangkok Hospital 
for Tropical Diseases, Faculty of Tropical Medi
cine, Mahidol University both in vivo and in vitro 
sensitivity monitoring have been carried out on 
in-patient volunteers, and, in collaboration with 
the Malaria Division, at malaria clinics on out
patient volunteers. Since 1980 the Bangkok Hos
pital for Tropical Diseases has investigated meflo
quine, MSP and halofantrine sensitivity. The data 
are presented in Table 2. At present the efficacy of 
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artemisinin derivatives is under study. A clinical 
pharmacology laboratory has been established in 
order to measure the drug levels and carry out 
pharmacokinetic studies 

Management of established drug resistance 

Chloroquine resistant Pfalciparum appears to 
have several biological advantages over chloro
quine sensitive parasites and, once established, re
sistant parasites manifest a rapid geographical 
spread into receptive areas. Resistance is stable in 
the absence of drug selection pressure in experi
mental models and possibly also in Pfalciparum 
in nature. It may thus not be sufficient simply to 
withdraw chloroquine and chemically related 
drugs and hope that the problem will resolve it
self. Chloroquine resistance now often goes hand 
in hand with resistance to sulfadoxine-pyrimetha
mine. Multiple drug resistance thus poses a serious 
threat to health and life in such areas. 

The following measures to combat drug resistance 
are indicated:

A. Restriction of the use of all antimalarial 
drugs and limitation of their distribution by 
bringing them under the control of national 
health authorities. 

B. Defining the way in which antimalarials 
should be used, and by whom. 

C. Encourage the use of tested effective drug 
regimens (90-100% cure rate) for treatment. 

D. Reserve adequate supplies of quinine-tetra
cycline or artemisinin derivatives for treatment of 
resistant infection in appropriate cases. 

E. Undertaking intensive anti-vector measures 
in the most serious areas. 

F. Establishment of a policy for the manage
ment of immigrants in and out of the affected 
areas. 

G. Utilization of primaquine 30 mg weekly for 
3-4 weeks to prevent transmission from gameto
cyte carriers. 

H. Stimulation of basic, clinical and field re
search on new antimalarial drugs or drug combi
nations under health authority and/or university 

auspices, especially in collaboration with WHO or 
other international bodies. 

REFERENCES 

Arnold K, Hien IT, Phu NH, Mai PP. A randomized 
comparative study of artemisinine (Qinghaosu) 
suppositories and oral quinine in acute falciparum 
malaria. Trans R Soc Trop Med Hyg 1990; 84 : 
499-502. 

Boudreau EF, Pang LW, Dixon KE, et al. Malaria treat
ment efficacy of halo fan trine (WR 171669) in ini
tial field trials in Thailand. Bull WHO 1988; 66 : 
227-35. 

Bruce-Chwatt LJ.Chemotherapy of malaria. Geneva: 
WHO 1981; 260 pp. 

Bunnag D, Harinasuta T. The current status of drug re
sistance in malaria. In : HoweI MJ, ed. Parasito
logy quo vadit? Proceedings of the sixth Inter
national Congress of Parasitology Australian Aca
demy of Science, Cam berra, 1986; 169-80. 

Bunnag D, Harinasuta T. Quinine and Quinidine in Ma
laria in Thailand. Acta Leidensia 1987a; 55 : 
163-6. 

Bunnag D, Harinasuta T, Vanijanonta S, Looareesuwan 
S, Chitamas S, Punnavut W, Jochims E. Slow-re
lease quinidine in the treatment of chloroquine re
sistant fa\Ciparum malaria: A double-blind trial. 
Acta Leidensia 1987b; 55 : 129-38. 

Bunnag D, Harinasuta T, Vanijanonta S, Looareesuwan 
S, Chitamas S, Punnavut W, Berth J, Druilhe P. 
(I 987c). Treatment of chloroquine-resistant fa\Ci
parum malaria with a combination of quinine, qui
nidine and cinchonine (LA 40221) in adults by 
oral, and intravenous administration. Acta Leiden
sia 1987c; 55 : 139-49. 

Bunnag D, Harinasuta T. Looareesuwan S, et al. A 
combination of quinine, quinidine and cinchonine 
(LA 40221) in the treatment of chloroquine resis
tant fa\Ciparum malaria in Thailand: two double
blind trials. Trans R Soc Trop Med lIyg 1989; 83 : 
66. 

Bunnag D, Viravan C, Looareesuwan S, et al. Compari
son of the efficacy of halofantrine and mefloquine 
in multi-drug resistant P. Jalciparum malaria in 
Thailand. Presented at ICOPA VII Paris 20-24 
August, 1990. 

Bunnag D, Viravan C, Looareesuwan S, Karbwang J, 
Harinasuta T. Clinical trial of artesunate and art
emether on multidrug resitant fa\Ciparum malaria 
in Thailand: a preliminary report. Southeast Asian 
J Trop Med Public Health 1991a; 22 : 380-5. 

Vol 23 No 4 December 1992 630 



DRUG RESISTANCE OF MALARIA 

Bunnag D, Viravan C, Looareesuwan S, Karbwang J, 
Harinasuta T. Double blind randomised clinical 
trial of two different regimens of oral artesunate in 
falciparum malaria. Southeast Asiqn J Trop Med 
Public Health 1991b, 22 : 534-8. 

Bunnag D, Viravan C, Looareesuwan S, Karbwang J, 
Harinasuta T. Double blind randomised clinical 
trial of oral artesunate at once or twice daily dose 
in falciparum malaria. Southeast Asian J Trop Med 
Public Health 1991c, 22 : 539-43. 

Bunnag D, Karbwang J, Chitamas S, Harinasuta T In
tramuscular artemether in female patients with un
complicated falciparum malaria. Southeast Asian J 
Trop Med Public Health 1992a (in press). 

Bunnag D, Karbwang J, Harinasuta T Artemether in 
the treatment of multiple drug resistant falciparum 
malaria. Southeast Asian J Trop Med Public Health 
1992b (in press). 

Brockelman CR, Thanomsub B, Bhisuttibhand J (1989). 
MefloQuine, sulfadoxine, pyrimethamine (MSP) 
combination delays in vitro emergence of meflo
Quine resistance in multiple drug resistant Plasmo
diumJalciparum. Southeast Asian J Trop Med Pub
lic Health 1989; 20 : 371-8. 

Charwira AN, Warhurst DC. The effect of artemisinin 
combined with standard antimalarials against 
chloroquine-sensitive and chloroquine-resistant 
strains of Plasmodium Jalciparum in vitro. J Trop 
Med Hyg 1987a; 90 : 1-8. 

Charwira AN, Warhurst DC, Robinson BL, Peters W. 
The effect of combinations of Qinghaosu (artemis
inin) with standard antimalarial drugs in the sup
presive treatment in mice. Trans R Soc Trop Med 
Hyg 1987b; 81 : 554-8. 

Chitchang, S, Wongteptein, S. A Clinical trial of halof
antrine in acute uncomplicated malaria in Thai 
soldiers. Parasitol Today 1989; Suppl : 21-6. 

Chongsuphajaisiddhi T, Sabcharoen A, Attanath P, At
tanath P. In vivo and in vitro sensitivity of falci
parum malaria to Quinine in Thai children. Ann 
Trop Paediatr 1981; I : 21-6. 

Chongsuphajaisiddhi T, Sabcharoen A. Sulfadoxine-py
rimethamine resistant falciparum malaria in Thai 
children. Southeast Asian J Trop Med Public 
Health 1981; 12: 418-21. 

Chongsuphajaisiddhi T, Sabcharoen A, Attanath P. 
Treatment of Quinine resistant falciparum malaria 
in Thai children. Southeast Asian J Trop Med 
Public Health 1983; 15 : 357-2. 

Chongsuphajaisiddhi T, Sabcharoen A, Chanthavanich, 
P, et al. (Abstract). First Congress of Tropical Pe
diatrics 8-12 November 1987, Bangkok, Thailand. 
p 163. 

Vol 23 No 4 December 1992 

Chongsuphajaisiddhi T, Sabcharoen A, Chanthavanich 
P, et al. A phase III clinical trial of mefloQuine in 
children with chloroquine-resistant falciparum ma
laria in Thailand. Bull WHO 1987; 65 : 223-6. 

Druilhe P, Brandicourt 0, Chongsuphajaisiddhi T, Ber
the J. Activity of a combination of three cinchona 
alkaloids against Plasmodium Jalciparum in vitro. 
Antimicrobial Agents Chemotherapy 1988; 32 : 
250-4. 

Hall AP. Quinine infusion for recrudescences of falcip
arum malaria in Vietnam: a controlled study. Am 
J Trop Med Hyg 1972; 21:851-6. 

Harinasuta T, Migasen S, Bunnag D. Chloroquine resis
tance in Plasmodium Jalciparum in Thailand. 
UNESCO First Regional Symposium on Sciencific 
Knowledge of Tropical Parasites, Singapore 1962, 
pp 148-53. 

Harinasuta T, Viravan C, Reid H.A. Sulphamethoxine 
in chloroquine-resistant falciparum malaria in 
Thailand. Lancet 1967; I: 1117. 

Harinasuta T, Bunnag D, Wernsdorfer WHo A phase II 
clinical trial of mefloQuine in patients with choro
Quine-resistant falciparum malaria. Bull WHO 
1983; 61 : 299. 

Harinasuta T, Bunnag D, Lasserre R, Leimer R, Vanij
anonta S. Trials of mefloQuine in vivax and of 
mefloQuine plus fansidar in falciparum malaria. 
Lancet 1985; I : 885-8. 

Harinasuta T, Bunnag D, Vanijanond S, et al. Meflo
Quine, sulfadoxine, and pyrimethamine in treat
ment of symptomatic falciparum malaria: a doubl
e-blind trial for determining the most effective 
dose. Bull WHO 1987; 65 : 363-7. 

Harinasuta T, Viravan C, Buranasin P. Parenteral Fan
sidar in falciparum malaria. Trans R Soc Trop 
Med Hyg 1988; 82 : 694. 

Harinasuta T, Bunnag D, Lasserre R. Quinine resistant 
falciparum malaria treated with mefloQuine. South
east Asian J Trop Med Public Health 1990;21 : 
52-7. 

Hutton CSR, Peto TEA, Bunch C, et al. High incidence 
of severe neutropenia associated with amodiaquine 
prophylaxis for malaria. Lancet 1986; I : 411-4. 

Jiang 18, Li GQ, Guo XB, Kong YC, Arnold K. Anti
malarial activity of mefloQuine and Qinghaosu. 
Lancet 1982; 2 : 285-8. 

Karbwang J, Milton K, Na Bangchang K, Wards SA, 
Edwards G Pharmacokinetics of halfofantrine in 
patients with uncomplicated falciparum malaria. 
Br J Clin Pharm 1991c; 31, 484-7. 

Karbwang J, Molunto P, Bunnag D, Harinasuta T. 
Plasma Quinine levels in patients with falciparum 

631 



SOUTHEAST ASEAN J TROP MED PUBLIC HEALTH 

malaria when given alone or in combination with 
tetracycline with or without primaquine. Southeast 
Asian J Trap Med Public Health 1991a; 22 : 
523-526. 

Karbwang J, Na Bangchang K, Thanavibul A, Bunnag 
D, Harinasuta T. Pharmacokinetics of mefloquine 
in treatment failure. Southeast Asian J Trap Med 
Public Health 1991a; 22 : 523-526. 

Karbwang J. Na Bangchang K, Bunnag D, Harinasuta 
T (I99Ib). Pharmacokinetics and pharmacodyna
mics of mefloquine in patients with uncomplicated 
malaria. Bull WHO, 69 (2), 207-212. 

Karbwang J, Sukontason K, Rimchala W, et al. Prelimi
nary report: A comparative clinical trial of arteme 
ther and quinine in severe fa\Ciparum malaria. 
Southeast Asian J Trap Med Publ H1th 1991a (in 
press). 

Karbwang J, Bunnag D, Harinasuta T, Chitamas S, 
Berth J, Druilhe P. Pharmacokinetics of quinine, 
quinidine and cinchonine when given as combina
tion. Southeast Asian J Trap Med Public Health 
1992b (in press). 

Karbwang J, Na Bangchang K, Thanavibul A, Bunnag 
D, Chongsuphajaisiddhi T, Harinasuta T. Com
panison of artemether and mefloquine in acute un
complicated fa\Ciparum malaria. Lancet 1992c (in 
press). 

Karbwang J, Bunnag D, Harinasuta T, Chittamas S, 
Berth J, Druilhe P. Pharmacokinetics of quinine, 
quinidine and cinchonine when given as combina
tion. Southeast Asian J Trap Med Public Health 
1992d (in press). 

Klayman DL. Qinghaosu (Attemisinin) : an antimala
rial drug from China. Science 1985; 228 :1049-55. 

Khalig AA, Fox E, Sarwar M, Strickland GT. Amodia
quine fails to cure chloroquine resistant Plasmo
dium Jalciparum in the Punjab. Trans R Soc Trap 
Med Hyg 1987; 81 : 157-9. 

Li GQ, Arnold K, Guo XB, Jian H, Fu L. Randomised 
comparative study of mefloquine, qinghaosu and 
pyrimethamine-sulfadoxine in patients with falci
parum malaria. Lancet 1984; 2 : 1360-1. 

Looareesuwan S, Phillips RE, White NJ, et al. Intrave
nous amodiaquine and oral amodiaquine-erythro
mycin in the treatment of chloroquine-resistant 
falciparum malaria. Lancet 1985; 2 : 805-8. 

Looareesuwan S, Charoenpan P, Ho M, et al. Fatal 
Plasmodium Jalciparum malaria after an inade
quate response to quinie treatment. J Infect Dis 
1990; 161 : 577-80. 

Looareesuan S, Wilairatana P, Vallijanonta S, Kyle D, 
Webster K. Efficacy of quinine-tetracyline for 

acute uncomplicated falciparum malaria in Thai
land. Lancet 1992a; I : 369. 

Looareesuwan S, Viravan S, Vaijanonta S, et al. A ran
domised trial of mefloquine, artesunate and arte
sunate followed by melfloquine in acute uncompli
cated fa\Ciparum malaria. Lancet I 992b; I : 
821-4. 

Looareesuwan S, Kyle DE, Viravan C, et al. Treatment 
of patients with recrudescent fa\Ciparum malaria 
with a sequential combiantion of artesunate and 
mefloquine. Am J Trap Med Hy 1992c (in press). 

Miller KD, Lobel HO, Satriale RF, Kuritsky IN, Stern 
R, Campbell CC. Severe cutaneous reactions 
among American travellers using pyrimethamine
sulfadoxine (Fansidar) for malarial prophylaxis. 
Am J Trap Hyg 198635: 451-8. 

Moore DV, Lanier JE. Observations on two Plasmo
dium Jalciparum infections with an abnormal res
ponse to chloroquine. Am J Trap Med Hyg 1961; 
IO : 5-9. 

Naibg T, Win H, Nwe YY, Myint PT, Shew T. The com
bined use of artmether, sulfadoxine and pyrimetha
mine in the treatment of uncomplicated falcipla
rum malaria. Trans R Soc Trap Med Hyg 1988; 82: 
530-1. 

Nguyen-Dinh P, Payne D. Pyrimethamine sensitivity in 
Plasmodium Jalciprum : determination in vitro by a 
modified 48-hours test. Bull WHO 1980; 58 : 
909-12. 

Nocht B, and Werner H. Beobachtungen iiber relative 
Chininresistanz bei Malaria aus Brasilien. Deut
sche Medizinische Wochenscrift 1910; 36 : 
1557-60. 

Noeypatimanond S, Malikul S, Benjapong W, Duriya
nada D, Ungkasrithongkul M. Treatment of Plas
modium Jalciparum malaria with a combination of 
amodiaquine and tetracycline in Central Thailand. 
Trans R Soc Trap Med Hyg 1983; 77 : 338-40. 

Noaten F, Imvithaya S, Vincenti M, et al. Malaria on 
the Thai-Burmese border: treatment of 5192 
patients with mefloquine-sulfadoxine-pyrimetha
mine. Bull WHO 1987; 65: 891-6. 

Nosten F, Kuile F, Chongsuphajaisiddhi T, et al. Meflo
quine-resistant falciparum malaria on the Thai
Burmese border. Lancet 1991; I : 1140-43. 

Peters W, Robinson BL. The chemotherapy of rodent 
malaria. XXXV. Further studies on the retardation 
of drug resistance by the use of a triple combina
tion of mefloquine, pyrimethamine and sulfa
doxine in mice infected with P.berghei and P. ber
ghei NS. Ann Trap Med Parasitol 1984; 78 : 
459-66. 

Phillips RE, Warrell DA, White NJ, Looareesuwan S, 

Vol 23 No 4 December 1992 632 



DRUG RESISTANCE OF MALARIA 

Karbwang J. Intravenous quinidine for the treat
ment of severe falciparum malaria. Clinical and 
pharmacokinetic studies. New Eng J Med 1985; 312 
: 1273-8. 

Pinichpongse S, Doberstyn EB, Cullen JR, et al. An eva
luation of five regimens for the outpatient therapy 
of falciparum malaria in Thailand 1980-81. Bull 
WHO 1982; 60 : 907-12. 

Qinghaosu Antimalaria Coordinating Research Group. 
Antimalaria studies on qinghaosu. Chin Med J 
1979; 92 : 811-6. 

Reacher M, Campbell CC, Freeman J, Doberstyn EB, 
and Bandling-Bennett AD. Drug therapy for Plas
modium Jalciparum malaria resitant to pyrimetha
mine sulfadoxine (Fansidar). Lancet 1981; 2 : 
1066-8. 

Rieckmann KH, McNamaru JV, Frischer H, et al. 
Effects of chloroquine, quinine, an cycloguanil 
upon maturation of asexual erythrocytic forms of 
two strains of Plasmodium Jalciparum in vitro. Am 
J Trop Med Hyg 1968; 17: 661-71. 

Rieckmann KH Campbell GH, Sax LJ, Mrema JE. 
Drug sensitivity of Plasmodium Jalciparum : An In 
vitro microtechnique. Lancet 1978; I : 22-23. 

Rieckmann K.H. Visual in vitro test for determining the 
drug sensitivity of Plasmodium Jalciparum. Lancet 
1982; I : 1333-5. 

Sabchareon A, Chongsuphajaisiddhi T, Singhasivanon 
V, Chantavanich P, Attanath P. In vivo and in vitro 
responses of Plasmodium Jalciparum infection in 
childeren to quinine and quinidine. Bull WHO 
1988; 66 : 347-52. 

Sabchareon A, Chongsuphajaisiddhi T, Attanath P, 
Singhhasivanon V, Acmor-Apolinar MM, Poj
jareon-anant e. Red cell and plasma concentra
tions of combined quinin~uinidine and quinine 
in falciparum malaria. Am Trop Paed 1991; II : 
315-24. 

Sabchareon A, Chongsuphajaisiddhi T, Attanath P, 
Meemance B, Wemsdorfer WHo Evaluation of an 
in vitro test method for the assessment of sensitivity 
of P. Jalciparum to pyrimethamine and sulfado
xine. Bull WHO 1987; 65 : 345-52. 

Schwantz V, Deyl Z, Macek K. Drug level monitoring 
chromatography of some minor groups of drugs. J 
Chromat 1985; 340 : 401-79. 

Schwartz IK, Lackrity EM, Patchen MS. Chlorquine-re
sistant Plasmodium vivax from Indonesia. New 
Eng J Med 1991; 324:927. 

Shanks GD, Watt G, Edstein MD,.et at. Halofantrine 
for the treatment of mefloquine chemoprophylaxis 
failures in Plasmodium Jalciparum infections. Am J 

Trop Med Hyg 1991; 45:488-91. 

Shanks GO, Watt G, Edstein MD, Webster HK, Loe
suttiviboon L, Wechgritaya S. Halofantrine given 
with food for falciparum malaria. Trans R Soc 
Trop Med Hyg 1992; 86:233-4. 

Shwe T, Myint PT, Htut Y, Myint W, Soe L. The effect 
of mefloquine-artemether compared with quinine 
on patients with complicated falciparum malaria. 
Trans R Soc Trop Med Hyg 1988; 82 : 665-6. 

Shwe T, Myint PT, Myint W, Htut Y, Soe L, Thwe M. 
Clinical studies on treatment of cerebral malaria 
with artemether and mefloquine. Trans R Soc Trop 
Med Hyg 1989; 83 : 9. 

Suntharasamai P, Vanijanonta S, Harinasuta T, Bunnag 
D. A double blind randomized trial of quinine vs 
quinidine in chloroquine-resistant falciparum ma
laria (Abstract). Proceeding XI Int Congress for 
Tropical Medicine and Malaria. Calgary, Canada, 
1984; p.250. 

Schuurkamp GJ, Spicer PE, Kereu RK, Bulungol PK 
and Rieckmann KH. Chloroquine-resistant Plas
modium vivax in Papua New Guinea. Trans R Soc 
Trop Med Hyg 86, 121-2. 

Thimasam K, Pinichpongse S, Malikul S, Rooney W, 
Tanophalaks S. Phase III double-blind compara
tive study of Fansimef® and Lariam® for the 
curative treatment of Plasmodium Jalciparum infec
tions in Thailand. Southeast Asian J Trop Med 
Publisc Health 1990; 21 : 404-11. 

Watkins WM, 0100 JA, Lury JD, et al. Efficacy ofmul
, tiple-dose halofantrine in the treatment of cholro
quine resistant falciparum malaria in children in 
Kenya. Lancet 1988; II : 247-9. 

Watkins WM, Sixsmith DG, Spencer He. Effectiveness 
of amodiaquine as teatment for chloroquine resis
tant Plasmodium Jalciparum infection in Kenya. 
Lancet 1984; I : 357-9. 

Watt G, Long GW, Padren, et al. High-grade amodia
quine resistance in the Philippines presented at the 
Joint Meeting of the American Society of Tropical 
Medicine and Hygiene and the American Society 
of Tropical Veterinary Medicine. 34th Annual 
Meeting of the American Society of Tropical 
Medicine and Hygiene, Nov 3-7, 1985. Abstract 
279. 

Webster HK, Boudreau EF, Pavanand K, Yongvanith
chit K, Pang LW. Antimalarial drug susceptibility 
testing of Plasmodium Jalciparum in Thailand us 
ing a microdilution radioisotope method. Am J 
Trop Med Hyg 1985, 34 : 228-35. 

White NJ, Looareesuwan S, Warrell DA, Chongsupha
jaisiddhi T, Bunnag 0, Harinasuta T. Quinidine in 
falciparum malaria. Lancet 1981; 2 : 1069-71. 

Vol 23 No 4 December 1992 633 



SOUTHEAST ASEAN J TROP MED PUBLIC HEALTH 

White NJ, Looareesuwan S, Warrell DA et al. Quinine 
loading dose in cerebral malaria. Am J Trap Med 
Hyg 1983; 32 : 1-5. 

White NJ, Waller D, Crawley J, et al. Comparison of 
artemether and chloroquine for severe malaria in 
Gambin children. Lancet 1992; I : 317-21. 

Wirima J, Khoromana C, Molyneux Me, Gilles HM. 
Clinical trials with halofantrine hydrochloride in 
Malawi. Lancet 1988; 2 : 250-2. 

WHO. Tech RepSer 1967; 375 : 42. 

WHO. Chemotherapy of malaria and resistance to anti
Malarials : Report of a WHO Scientific Group. 
WHO Tech Rep Ser 1973; 529 : 30-5. 

WHO.Advances in malaria chemotherapy. Report of a 
WHO Scientific Group Geneva. Tech Rep Ser 
1984; 711 : 61-3. 

Young MD, Moore DV. Chloroquine resistance in Plas
madiumfalciparum. Am J Trap Med Hyg 1961; 10: 
5-9. 

Vol 23 No 4 December 1992 634 


