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Antimalarial drug resistance has now become a serious global challenge and is the principal reason
for the decline in antimalarial drug efficacy. Malaria endemic countries need inexpensive and effica-
cious drugs. Preserving the life spans of antimalarial drugs is a key part of the strategy for rolling
back malaria. Artemisinin-based combinations offer a new and potentially highly effective way to
counter drug resistance. Clinical trials conducted in African children have attested to the good tol-
erability of oral artesunate when combined with standard antimalarial drugs. The cure rates of the
different combinations were generally dependent on the degree of resistance to the companion
drug. They were high for amodiaquine-artesunate, variable for sulfadoxine/pyrimethamine-artesu-
nate, and poor for chloroquine-artesunate.
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The global malaria burden is estimated at 300 to 500
million per year. There are between 1.5 and 2.7 mil-
lion deaths per year, mostly in African children, that
are attributable to Plasmodium falciparum1,2. Drug
resistant P. falciparum is a serious problem, especial-
ly in sub-Saharan Africa and contributes to the in-
creasing malaria-related morbidity and mortality3,4.
Chloroquine resistance is wide-spread, sulfadoxine-
pyrimethamine (SP) resistance is well established in
southeast Asia, focal areas of Latin America, and is
now emerging in east and central Africa5. Multidrug
resistant P. falciparum has also emerged in certain
areas, notably southeast Asia where resistance to
chloroquine, SP, mefloquine and quinine is well docu-
mented6. Chloroquine (CQ) and SP are the two most
commonly used antimalarial drugs because of their low
cost. Currently available alternative, efficacious drugs

(e.g. artemether-lumefantrine, atovaquone-proguanil)
are considerably more expensive, and are unafford-
able by many resourced strapped malaria endemic
countries. The situation in many countries is critical
and concerted, global action is required if we are to
avert a malaria disaster7.

Drug resistance — consequences and challenges

Drug resistance has several deleterious consequences.
From the clinical point of view, resistance leads to
treatment failure and increased morbidity and mortali-
ty8. Anaemia is a particular problem in African chil-
dren and is per se a significant cause of increased
morbidity, the need for expensive and potentially dan-
gerous blood transfusions, and mortality9–11. The
grading of parasitological resistance to antimalarial
drugs is well-known (RI, RII, and RIII). As resistance*Corresponding author
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increases there is little or no response to drugs and pa-
tients are at increased risk of severe malaria. Drug re-
sistant parasites also produce more gametocytes com-
pared to sensitive infections, a factor in aiding the
transmission of resistant genes12.

In malaria endemic countries, patients who fail treat-
ment are often retreated with the same drug which also
fails to clear parasites. This then leads to a downward
spiral of chronic morbidity. There is clear evidence that
the introduction of a new and efficacious antimalarial
drug results in high treatment efficacy13,14. However,
the efficacy of this new drug is also likely to decline
over time. Following the introduction of SP, resistance
and declining efficacy rose in parallel with increasing
use. In Thailand, SP had a useful life span of only five
years6. SP resistance is also emerging rapidly in Africa
and is clearly not the answer to chloroquine resistant
P. falciparum15,16.

One factor that has contributed to the development of
drug resistance is the limited number and types of anti-
malarial drugs that are available and the way they have
been deployed. Drug policy in most countries is to use
different drugs in sequence. In practice this often
means using a drug beyond its useful life with the result
that the second line drug is used so that by the time it
is declared the first line drug, resistance has already
developed. There are two ways to try to alleviate this
problem. Firstly, develop new drugs that have different
or novel modes of action (a long process), and sec-
ondly, use combinations of currently available drugs
that have independent modes of action, in particular,
artemisinin-based combinations.

Combating drug resistance through artemisinin-
based combinations

There is evidence demonstrating that drug combina-
tions with independent mechanisms of action and re-
sistance enhance treatment efficacy and delay the de-
velopment of resistance. This principle has been es-
tablished for the treatment of tuberculosis and HIV-
AIDS17,18. The scientific basis for using artemisinin-

based combinations for treating malaria is sound for
several reasons19. Combining different drugs with in-
dependent modes of action theoretically prevents the
emergence of resistance because the probability that
an infected patient will have parasites resistant to both
drugs is greatly reduced (the product of the probability
of resistance to either drug). Artesunate (AS) causes a
rapid and substantial reduction in the parasite biomass,
irrespective of their resistance to other antimalari-
als20,21. The remaining parasites are then killed off by
high concentrations of the companion drug. In this
way, exposure of parasites to sub therapeutic concen-
trations of the companion drug is minimised.

Extensive use of artesunate combined with mefloquine
on the Thai-Myanmar border, an area of low transmis-
sion of multidrug resistant P. falciparum and chloro-
quine sensitive P. vivax, has produced three main ef-
fects over time. Efficacy against falciparum malaria has
consistently exceeded 95%, the transmission of P. fal-
ciparum has been reduced, and the in vitro sensitivity
of mefloquine has increased22.

Similar data do not exist from any other part of the
world. India has malaria endemic zones similar to that
of Thailand and the deployment of artemisinin-based
combinations may also result in a similar beneficial ef-
fect. The question of whether deploying an artemisinin-
based combination will also be useful in sub-Saharan
Africa where the malaria transmission is more intense
remains open.

Clinical trials of artesunate-based combinations

In 1998, WHO/TDR, USAID, and the Wellcome
Trust agreed to commence a series of clinical trials to
assess the efficacy and tolerability of artesunate com-
bined with three standard antimalarial drugs in Africa
and Latin America (Table 1). WHO-TDR was the co-
ordinating and managerial body.

The three standard antimalarial drugs used were chlo-
roquine, amodiaquine and SP. The criterion for using
them in a particular country was that their efficacy was
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at least 75%. Chloroquine was used in west Africa,
and the other two drugs in several countries across Af-
rica. Two trials were conducted in Latin America, us-
ing amodiaquine (AQ) in Colombia (trial ongoing) and
SP in Peru. This report will focus on the African stud-
ies. These were randomised, double blind, placebo
controlled trials that were conducted under Good
Clinical Practices (GCP). Common clinical protocols
and one analytical plan were used; the latter was de-
signed so that an individual patient data (IPD) meta-
analysis could be done. Collectively, they represent the
largest series of antimalarial drug trials ever conducted.
There were 11 sites in eight countries (Table 1).

The primary efficacy end points were the parasitologi-
cal cure rates on Day 14 and 28. Secondary efficacy
parameters were the rate of parasite and fever clear-

ance, and the gametocyte carriage rates. Molecular
genotyping was used to distinguish between recrudes-
cent and fresh infections. Samples were also taken for:
(i) polymerase chain reaction (PCR) to detect the ge-
netic mutations associated with drug resistance; and
(ii) population pharmacokinetic (PK) assessments.
The PCR and PK data will be reported elsewhere.
Artesunate(AS)/placebo was provided by Sanofi/Gui-
lin, amodiaquine by Warner-Lambert/Parke-Davis
(now Pfizer), and SP by the International Dispensary
Association.

All the SP studies had three arms: SP alone, and two
dosing regimens of artesunate. The CQ and AQ stud-
ies used three days of artesunate (Table 2). The dose
of artesunate was 4 mg/kg daily for three days, and
one day (SP studies only). To date, four studies have

Table 1. Countries and centres participating in the randomised controlled trials of artesunate combinations in Africa

Country Executing institution Drug Enrolled

Gabon Tuebingen University/A. Schweizer Hospital, Lambaréné, Gabon AQ 220

Senegal Hôpital Charles Nicolle, Rouen University, France & University of Dakar AQ 321

Kenya African Medical Research Foundation  (AMREF) AQ 400

Subtotal 941

The Gambia Medical Research Council (MRC) SP 600

Kenya Kenyan Medical Research Institute (KEMRI) SP 600

Uganda Epicentre, France & Mbarara University SP 425

Malawi Queen Elizabeth Hospital, Blantyre SP 450

Kenya Wellcome Trust, Kilifi SP 600

Subtotal 2675

Sao Tome Lisbon University, Prince Leopold Institute, Antwerp & CQ 400
Sao Tome Ministry of Health

Burkina Faso Centre National de Lutte contre le Paludisme (CNLP) CQ 300

Côte d’Ivoire Institute P. Richet, Bouaké CQ 300

Subtotal 1000

Grand total 4616
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been published, and several are in press. The results of
one day of AS are not reported here.

Results

The addition of artesunate to amodiaquine resulted in
an increased cure rate in Gabon and Kenya but not in

Senegal (Table 3). In the Gambia, cure rates were
similar on Day 14 but were higher in the AS arm on
Day 28. Cure rates of the AS arm for both days were
significantly higher in Uganda where the SP alone cure
rate was low (Fig. 1). Results from Kenya and Malawi
were broadly similar (results to be published else-

 Table 2. Study design of the randomised, double blind, placebo controlled efficacy and safety trials conducted
in Africa and Latin America

Drug combination Time (hours)

0 24 48

Two arm regimens : chloroquine or amodiaquine
Arm 1 CQ/AQAS Placebo CQ/AQAS Placebo CQ/AQAS Placebo
Arm 2 CQ/AQAS CQ/AQAS CQ/AQAS

Three arm regimens : sulfadoxine/pyrimethamine
Arm 1 SPAS Placebo AS Placebo AS Placebo
Arm 2 SPAS AS Placebo AS Placebo
Arm 3 SPAS AS AS

Drug dosages : CQ — 10/10/5 mg/kg once daily; AQ — 10/10/10 mg/kg once daily; SP — 25 mg/kg based on sulfadoxine com-
ponent stat; AS — 4 mg/kg once daily x 3d.

Table 3. Efficacy results of artesunate combination studies from selected studies that are either published or in press.
For SP studies, only data for three days of  artesunate are shown

Drugs/Countries Day 14                                  Day 28

As 3 days Standard drug p-value As 3 days Standard drug p-value

Amodiaquine (AQ)
Kenya 175/192 140/188 < 0.0001 123/180 75/183 < 0.0001

(91) (75) (68) (41)

Senegal 148/160 147/157 NS 130/159 123/156 NS
(93) (94) (82) (79)

Gabon 92/94 86/96 0.016 80/94 70/98 0.019
(98) (90) (85) (71)

Sulfadoxine Pyrimethamine (SP)
Gambia 185/189 185/195 NS 181/187 173/193 0.005

(97.9) (94.9) (96.8) (89.6)

Uganda 100/117 84/146 < 0.0001 68/116 55/144 0.001
(85.5) (57.5) (58.6) (38.2)

Chloroquine (CQ)
Burkina Faso 120/147 53/143 < 0.0001 71/145 27/142 < 0.0001

(81.6) (37.1) (49) (19)

Figures in parentheses indicate per cent.
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where). Chloroquine alone was poorly efficacious in
Sao Tome (results to be published elsewhere) and
Burkina Faso, and were improved by AS.

Parasite clearance was significantly faster in all trials
with both three days and one day of artesunate com-
pared to monotherapy (Fig. 2). Fever clearance was
significantly faster in the SP trials but not always in the
CQ and AQ studies. Gametocyte carriage was re-
duced in the SP and CQ studies by the AS regimens
but the effect of AS in the AQ studies was inconsis-
tent.

Tolerability was good in all studies. By group analysis,
there was no increase in the proportion of patients re-
porting adverse events in the AS arms. Remarkable
side effects in the AQ and AQ-AS arms were mild
itching in nine patients (1%) and drug induced vomit-
ing in 11 (1.2%). In the SP study in Kenya, 16 (2.7%)
children developed mild, papular rashes. Serious ad-
verse events (SAE) were few and mostly due to signs

of severe malaria which developed in the first few
days of treatment. One child with AQ induced vomit-
ing was admitted to the hospital. Haematology  results
showed that the mean haemoglobin increased by Day
28 and was generally similar between the arms. In the
AQ study, there was a decline in the mean neutrophil
counts reaching a nadir on Day 21 and rising thereaf-
ter. Nine (6%) of 153 children developed asymptom-
atic neutropenia (<1,000) by Day 28. Biochemistry
results were unremarkable. Raised liver enzymes
present on Day 0 resolved over time.

Discussion

This series of clinical trials has shown that three days
of artesunate combined with a standard antimalarial
drug increased significantly the cure rates over the
standard antimalarial drug when given alone. The ex-
ception was in Senegal. One day of artesunate with
SP had no beneficial effect on cure rates. Toxicity was
not increased by adding artesunate.
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Fig. 1: Parasite clearance of artesunate with SP versus
SP alone, although these data are from Uganda,
they are representative of all the artesunate
studies. The addition of artesunate increases
the rate of parasite clearance

Fig. 2: Gametocyte carriage of SP alone and combined
with one or three days of artesunate (Data from
Uganda)
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These efficacy results are encouraging for those coun-
tries where the background rates of resistance to stan-
dard antimalarial drugs are not high. Unfortunately, for
Kenya and Burkina Faso, amodiaquine and chloro-
quine combinations, respectively, can not be recom-
mended because the absolute cure rates were still
modest despite the artesunate. We are unable to ex-
plain the lack of a significant increase in the cure rate in
Senegal. The combination had a superior pharmaco-
dynamic effect in terms of reducing the rate of parasite
reduction but this did not translate into a lower failure
rate. In the Gambia, there was no difference in the
cure rate on Day 14 but by Day 28, a significant effect
was seen for three days of artesunate. Whilst many in
vivo studies follow patients up to Day 14 for conve-
nience, it is better to extend this to at least 28 days to
detect late resistant infections. PCR was performed in
these studies to differentiate resistant infections from
new infections. The effect of artesunate was un-
changed but failure rates decreased because new in-
fections always contributed to the recurrent parasi-
taemias during follow-up (these data will be published
elsewhere).

All study drugs were well tolerated and there was no
evidence of increased toxicity because of the addition
of artesunate. Early, drug induced vomiting requiring
retreatment is an important consideration for malaria
control programmes. The proportion was very small in
the AQ studies but no one in the SP studies had drug
induced vomiting. Most of the early withdrawals from
the study were due to patients developing danger signs
of severe malaria.

For amodiaquine two side effects have been well de-
scribed in the literature, hepatitis and neutropenia. Risk
estimates, which are based on weekly AQ prophylax-
is, are 1 in 15,650 and 1 in 2,000, respectively23. We
did not detect any case of clinical or biochemical hep-
atitis, but the sample size lacked power to detect hep-
atitis at the reported rates. There was, however, a de-
cline in the mean neutrophil counts that was indepen-
dent of drug arm, a reassuring finding in that the arte-
sunate did not add to the neutropenia. A small number

of children remained neutropenic by Day 28, the clini-
cal significance of this is unclear. They were afebrile
and asymptomatic and one child was parasitaemic.
None of the children were followed-up after Day 28,
thus, we can not comment on the evolution of the
neutropenia. The limited data available in the litera-
ture show that falls in the total white cell and neutro-
phil counts have occurred with chloroquine and sulfa-
doxine/pyrimethamine. In a systematic review of effi-
cacy and safety data from published and unpublished
studies showed that the tolerability profile of amodi-
aquine monotherapy was similar to those of CQ and
SP24. Published data on AQ treatment induced neu-
tropenia and hepatitis are few. Of pertinence are re-
ports of a case of asymptomatic hepatitis in a normal
volunteer following two doses of amodiaquine and
artesunate, a decline in mean absolute neutrophil
counts following AQ, SP, AQ-SP combined, and AQ
induced neutropenia24–26. More research is required
to define and characterise the risk of neutropenia.
Longitudinal studies are also needed to assess the
safety of repeated AQ/AQ-AS use because redosing
will happen in practice once these drugs are de-
ployed widely.

Notable SP related side effects were a small number
of patients who developed mild cutaneous eruptions
that resolved spontaneously or with antihistamine
treatment. These reactions most probably represented
mild SP allergy. Artesunate allergy is rare but well de-
scribed, so this can not be excluded definitively27. Se-
rious SP drug reactions such as G-6-PD related
haemolysis, hepatitis, erythema mutliforme did not oc-
cur in these studies but the sample size was inadequate
to detect these rare toxicities28.

For malaria endemic countries that are considering a
change of their current first line antimalarial drug, the
artemisinin derivatives are a good option where the
background rate of resistance to the companion drug
is low. Long-term deployment studies are now war-
ranted to assess the public health impact of these com-
binations and assess their safety through pharmacovigi-
lant systems.



TAYLOR et al :  CLINICAL TRIALS ON USE OF ARTESUNATE-BASED COMBINATIONS 71
Acknowledgement

The work presented here is the result of a collabora-
tive effort involving the current and previous members
of and advisors to the TDR Resistance and Policies
Task Force [N.White (Chair), F. Ter Kuile, F. Binka,
P. Folb, A. Schapira, T. Sukwa, R. Gusmao, M. Et-
tling, O. Walker, B. Greenwood, R. Laxminarayan,
and V. Navaratnam], the research teams who carried
out the work (Table 1), the Cochrane Collaboration,
and the MRC (UK).

Sources of partial or independent funding: Govern-
ments of Italy and Portugal, USAID, World Health
Organization, Wellcome Trust, MSF/Epicentre. We
are grateful to Sanofi/Guilin (artesunate) and Parke
Davis (amodiaquine) for providing study drugs free of
charge.

References

1. World malaria situation in 1994. Wkly Epidemiol Rec
1997; 72 : 269–76.

2. Breman JG, Egan A, Keusch GT. The intolerable burden
of malaria : a new look at the numbers. American J Trop
Med Hyg 2001; 64(1-2 Suppl) : 4–7.

3. Snow RN, Craig M, Deichmann U, Marsh K. Estimating
mortality, morbidity and disability due to malaria among
Africa’s non-pregnant population. Bull WHO 1999; 77 :
624–40.

4. Trape JF, Pison G, Preziosi MP, Enel C, Desgrées du Lou
A, Dlaunay V, Samb B, Lagarde E, Molez JF, Simondon F.
Impact of chloroquine resistance on malaria morbidity.
CR Acad Sci, Paris, Ser III, 1998; 321 :  689–97.

5. Krogstad DJ. Malaria as a re-emerging disease. Epidemi-
ol Rev 1996; 18 : 77–89.

6. White NJ. Antimalarial drug resistance: the pace quick-
ens. J Antimicrob Agents Chemother 1992; 30 : 571–85.

7. White NJ, Nosten F, Looareesuwan S, Watkins WM,
Marsh K, Snow RW, Kokwaro G, Ouma J, Hien TT, Moly-
neux ME, Taylor TE, Newbold CI, Ruebush TK II, Danis
M, Greenwood BM, Anderson RM, Olliaro P. Averting a
malaria disaster. Lancet 1999; 353 : 1965–7.

8. Greenwood BM, Bradley AK, Greenwood AM, Byass P,
Jammeh K, Marsh K, Tulloch S, Oldfield FSJ, Hayers R.
Mortality and morbidity from malaria among children in a

rural area of the Gambia, West Africa. Trans R Soc Trop
Med Hyg 1987; 81 : 478–86.

9. Hedberg K, Shaffer N, Davachi F, Hightower A, Lyamba
B, Palauku KM, Nguyen-Dinh P,  Breman JG. Plasmodi-
um falciparum-associated anaemia in children at a large
urban hospital in Zaire. American J Trop Med Hyg 1993;
48 : 365–71.

10. Murphy SC, Breman JG. Gaps in the childhood malaria
burden in Africa : cerebral malaria, neurological sequelae,
anemia, respiratory distress, hypoglycemia, and compli-
cations of pregnancy. American J Trop Med Hyg 2001;
64 (1-2 Suppl): 57–67.

11. Zucker JR, Lackritz EM, Ruebush TK, Hightower AW,
Adungosi JE, Were JBO, Metchock B, Patrick E, Camp-
bell CC. Childhood mortality during and after hospitaliza-
tion in Western Kenya : effect of malaria treatment regi-
mens. American J Trop Med Hyg 1996; 55 : 655–60.

12. Price R, Nosten F, Simpson JA, Luxemburger C, Phaipun
L, ter Kuile F, van Vugt M, Chongsuphajaisiddhi T,
White NJ. Risk factors for gametocyte carriage in un-
complicated falciparum malaria. American J Trop Med
Hyg 1999; 60 : 1019–23.

13. Nwanyanwu OC, Ziba C, Kazembe P, Chitsulo L, Wirima
JJ, Kumwenda N, Redd SC. Efficacy of sulphadoxine-py-
rimethamine for Plasmodium falciparum malaria in
Malawian children under five years of age. Trop Med Int
Hlth 1996; 1 : 231–5.

14. Bloland PB, Lackritz EM, Kazembe PN, Were JB, Steketee
R, Campbell CC. Beyond chloroquine: implications of
drug resistance for evaluating malaria therapy efficacy
and treatment policy in Africa. J Infect Dis 1993;167 :
932–7.

15. Kublin JK, Kamwendo DS, Dzinjalamala FK, Mukadam
RAG, Chimpeni P, Molyneux ME, Taylor TE, Plowe CV.
Sulfadoxine-pyrimethamine efficacy for uncomplicated
falciparum malaria in Malawi after seven years as first
line therapy.  Abstract number 249. American Society of
Tropical Medicine and Hygiene meeting, Houston, Tex-
as, USA 2000.

16. Vasconcelos KF, Plowe CV, Fontes CJ, Kyle D, Wirth DF,
Pereira da Silva LH, Zalis MG. Mutations in Plasmodium
falciparum dihydrofolate reductase and dihydropteroate
synthase of isolates from the Amazon region of Brazil.
Mem Inst Oswaldo Cruz 2000; 95 : 721–8.

17. De Cock KM. Guidelines for managing HIV infection.
British Med J 1997; 315 : 1–2.

18. Farmer P, Kim JY. Community based approaches to the
control of multidrug resistant tuberculosis : introducing
“DOTSPlus”. British Med J 1998; 317 : 671–4.



J  VECT  BORNE  DIS  40, SEPTEMBER & DECEMBER  200372
19. White NJ, Olliaro PL. Strategies for the prevention of an-

timalarial drug resistance: rationale for combination che-
motherapy for malaria. Parasitol Today 1996; 12 : 399–
401.

20. White NJ. Clinical pharmacokinetics and pharmacody-
namics of artemisinin and derivatives. Trans R Soc Trop
Med Hyg 1994; 88 (Suppl 1): S41–3.

21. White NJ. Assessment of the pharmacodynamic proper-
ties of antimalarial drugs in vivo. J Antimicrob Agents
Chemother 1997; 41 : 1413–22.

22. Nosten F, van Vugt M, Price R, Luxemburger C, Thway
KL, Brockman A, McGready R, ter Kuile F, Looareesu-
wan S, White NJ. Effects of artesunate-mefloquine com-
bination on incidence of Plasmodium falciparum malaria
and mefloquine resistance in western Thailand: a pro-
spective study. Lancet 2000; 356 : 297–302.

23. Phillips-Howard PA, Bjorkman AB. Ascertainment of risk
of serious adverse reactions associated with chemopro-
phylactic antimalarial drugs. Bull WHO 1990; 68 : 493–
504.

24. Olliaro P, Nevill C, LeBras J, Ringwald P, Mussano P, Gar-
ner P, Brasseur P. Systematic review of amodiaquine
treatment in uncomplicated malaria. Lancet 1996; 348 :
1196–1201.

25. Orrell C, Taylor WRJ, Olliaro P. Acute asymptomatic hep-
atitis in a healthy normal volunteer exposed to two oral
doses of amodiaquine and artesunate. Trans R Soc Trop
Med Hyg 2001; 95 : 517–8.

26. Staedke SG, Kamya MR, Dorsey G, Gasasira A, Ndeezi G,
Charlebois ED, Rosenthal PJ. Amodiaquine, sulfadoxine-
pyrimethamine, and combination therapy for treatment of
uncomplicated falciparum malaria in Kampala, Uganda : a
randomised trial. Lancet 2001; 358 : 368–74.

27. Leonardi E, Gilvary G, White NJ, Nosten F. Severe aller-
gic reactions to oral artesunate : a report of two cases.
Trans R Soc Trop Med Hyg 2001; 95 : 182–3.

28. Phillips-Howard PA, West L. Serious adverse drug reac-
tions to pyrimethamine-sulphadoxine, pyrimethamine-
dapsone and to amodiaquine in Britain. J R Soc Med
1990; 83 :  82–5.

Note : Since the article was written, the result of all the TDR coordinated trials as well as trials from Thailand have been analysed
as an individual patient data meta analysis. The analysis shows that the addition of three days of oral artesunate improved
the efficacy of single agent drugs for treating uncomplicated falciparum malaria.

Ref  : Adjuik M, Babiker A, Garner P, Olliaro P, Taylor W, White N. International artemisinin study group. Artesunate combina
tions for treatment of malaria: meta analysis. Lancet 2004  363(9402): 9–17.


